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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SECONDARY LITHIUM-ION CELLS FOR THE PROPULSION
OF ELECTRIC ROAD VEHICLES -

Part 3: Safety requirements

2022

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
coloperation on all questions concerning standardization in the electrical and electronic fields| o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEGyPublication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deqt with

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

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

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

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

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

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

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

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

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.

aising
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tional
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tional
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patent

This fedline version of the official IEC Standard allows the user to identify the changes que to

revious edition IEC 62660-3:2016. A vertical bar appears in the margin wherever a ¢

ange

has been made. Itions are In green text, deletions are In strikethrough red text.
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IEC 62660-3 has been prepared by IEC technical committee 21: Secondary cells and batteries.
It is an International Standard.

This second edition cancels and replaces the first edition published in 2016. This edition
constitutes a technical revision.

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

a) The new method for the internal short-circuit test has been added in 6.4.4.2.2 and Annex C,
as an alternative option to the test in 6.4.4.2.1.

b) T
c) T

he vibration test has been deleted.
he test conditions of overcharge (6.4.2.2) have been partially revised.

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

Full i
the 4

The |

This
acco
at w
desc

A list
cells

The
stabi
spec

—

€

o W

—

€

e a

Draft Report on voting

21/1133/FDIS 21/1137/RVD

bove table.
anguage used for the development of this Internatiehal Standard is English.

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

vw.iec.ch/members_experts/refdocs. ThéZmain document types developed by IEC
ibed in greater detail at www.iec.ch/stairdardsdev/publications.

of all parts in the IEC 62660 series, published under the general title Secondary lithiur
for the propulsion of electric road vehicles, can be found on the IEC website.

ity date indicated on.the IEC website under webstore.iec.ch in the data related t
fic document. At this\date, the document will be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.

hformation on the voting for its approval can be found in thejreport on voting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and ¥1SO/IEC Directives, IEC Supplement, available

are

n-ion

ommittee has decided thatthe contents of this document will remain unchanged untjl the

b the

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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SECONDARY LITHIUM-ION CELLS FOR THE PROPULSION
OF ELECTRIC ROAD VEHICLES -

Part 3: Safety requirements

1 Scope

This

part of IEC 62660 specifies test procedures and acceptance criteria for safety perform

ance

of sgqcondary lithium-ion cells and cell blocks used for propulsion of electric vehicles |(EV)

inclugling battery electric vehicles (BEV) and hybrid electric vehicles (HEV).

e e e i aas i S

and-the customer.

NOTEL2 Concerninathe cell for nlua-in-hvbhrid electric vehicle (PHE\) the manufacturar lcan select either the test

NOTE|2 Concerning-the-celforplug-in-hybrid-electric-vehicle (PHEV) the-manufactyretican-selecteitherthetest
; : BE e e eation.

This [document determines the basic safety performance of cells ‘wsed in a battery pack and

systgm under intended use and reasonably foreseeable misuse-or incident, during the ngrmal

opergtion of the EV. The safety requirements of the cell in‘this document are based on the

premfise that the cells are properly used in a battery pack andysystem within the limits for voltage,

current and temperature as specified by the cell manufaecturer (cell operating region).

The pvaluation of the safety of cells during transport and storage is not covered by this

document.

NOTE|1 The safety performance requirements for lithium-ion battery packs and systems are defined in1+SO-42405-

3 1S0|6469-1. The specifications and safety requirements for lithium-ion battery packs and systems of elecfrically

propelled mopeds and motorcycles are defineddin 1SO 18243. IEC 62619 covers the safety requirements for the

lithiunmj-ion cells and batteries for industrial “applications, including, for example, forklift trucks, golf cartg, and

autompted guided vehicles.

NOTE

NOTE|2 Lithium cells, modules, bdttery packs, and battery systems are regulated by International Air Trapsport

Assocjation (IATA) and Internatiorfal Maritime Organization (IMO) for air and sea transport, and, regionally, by other

authotlities, mainly for landArafrsport. Refer to IEC 62281 for additional information.

2 Normative.references

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

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

For pndated references, the latest edition of the referenced document (including| any

amer

dvmante) annlicac
Uricine )y aypyiico.

IEC 62619:—1, Secondary cells and batteries containing alkaline or other non-acid electrolytes
— Safety requirements for secondary lithium cells and batteries, for use in industrial applications

1 Second edition under preparation. Stage at the time of publication: IEC FDIS 62619:20452021.
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IEC 62660-2:201402018, Secondary lithium-ion cells for the propulsion of electric road vehicles
— Part 2: Reliability and abuse testing

ISO/TR 8713, Electrically propelled road vehicles — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in—tEC60050-482
ISO/TR 8713 and the following apply.

addr

i

[«

(v

3.1
BEV

ISO tnd IEC maintain terminological databases for use in standardization at the fold

SSes:

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

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

battery electric vehicle

elect

3.2
grou

(e.q.
hous

3.3

cell Elock

ric vehicle with only a traction battery as power source for vehicle propulsion

of cells connected together in parallel configuration with or without protective de
fuse or positive temperature coefficient resistor(PTC)) and not yet fitted with its
ng, terminal arrangement-and or electronic control device

cylindrical cell

cell v
[SOU

3.4

ith a cylindrical shape in which the-0overall height is equal to or greater than the diarn

RCE: IEC 60050-482:2004, 482-02-39]

explosion

failun
contd

3.5
fire
emis

e that occurs when:a'cell container-if-any; opens violently and-majercomponents its

nts are forcibly.expelled

sion of-flames from a cell or cell block for more than 1 s

wing

vices
final

heter

solid

Note

te'ehtry: Sparks and arcing are not considered as flames.

3.6
HEV

hybrid electric vehicle
vehicle with both a rechargeable energy storage system and a fuelled power source for
propulsion

3.7
inter

nal short-circuit

unintentional electrical connection between the negative and positive electrodes inside a cell
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3.8

leakage
visible escape of liquid electrolyte from a part, except for a vent, such as-easing the case,
sealing part, and/or terminals of the cell

3.9

nominal voltage
suitable approximate value of the voltage used to designate or identify a cell

[SOURCE: IEC 60050-482:2004, 482-03-31, modified — Deletion of "a battery o

r an

electrochemical system" at the end of the definition.]

3.10

poudh cell

cell having the shape of a parallelepiped whose faces are rectangular and withva pris
flexijle laminate film case

3.1

prismatic cell

cell Having the shape of a parallelepiped whose faces are rectangutan,and with a prismatic
case

[SOURCE: IEC 60050-482:2004, 482-02-38, modified — Thesword "cell" has been added {
term/| "qualifies a cell or a battery" has been replaced wijth “cell" in the definition, and "and
a prigmatic hard case housing" has been added.]

3.12

rated capacity

Cl’l

quantity—of—electricity C,Ah—(ampere-hours)for BEV—and—C Ah—for HEV declared—by
manyfacturer

capapity value of a cell in ampefe” hours (Ah) determined under specified conditions

decls

Note 1
n=1

Note 2

3.13

red by the cell manufacturetr

to entry:  The subscript 7#in C, is the time base in hours (h). In this document, n = 3 for BEV applicatig
or HEV application unless*otherwise specified.

to entry: Term and definition based on IEC 60050-482:2004, 482-03-15.

reference test)current

I
refer

bncetest current in amperes (A) which is expressed as

matic

hard

p the
with

and

n and

HAAY =G (ARA-(h)

VEREES

&, is-the rated capacity of the cell;
nin C,  isthe time base (h).

I, =C,/11

Note 1 to entry: 1 has a dimension of time in hours (h).

Note 2 to entry: See IEC 61434:1996, Clause 2.
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temperature of 25 °C + 2 K

3.14
rupture

2022

mechanical failure of a container case of a cell induced by an internal or external cause,

resulting in exposure or spillage but not ejection of materials

3.15
secondary lithium-ion cell

zelh
secopdary single cell whose electrical energy is derived from the insertion/extractions«read
of lithium-ions between the-anede negative electrode and the-cathede positive electtode

Note 1 to entry: A secondary cell is a—basie manufactured unit providing a source of electrical energy by
convefsion of chemical energy. The cell consists of electrodes, electrolyte, container, terminals and, i
separgtors. The electrode can be monopolar or bipolar; the current collector of the formef_has active matg
single|polarity and the latter has positive and negative electrode active materials. The.électrolyte includes a
condugtive liquid or solid, or a mixture of them. The cell is designed to be charged electrically.

Note 3 to entry: : e v ! ! o B
electricroad-vehicles- Where the term "cell" is used alone in this document, it(refers to a secondary lithium-io|

3.16
SOC

of charge

quantity of electricity stored in a cell expressed asia percentage of rated capacity

3.17
uppqgr limit charging voltage
highgst charging voltage in the cell operating region, which is specified by the cell manufad

Note ] to entry: Information on the cell opérating region is provided in Annex A.

[SOYRCE: IEC 62133-2:2017,3.19, modified — Note to entry added.]

3.18
venting

releajse of excessivé internal pressure from a cell in a manner intended by design to pre
rupture or explosion

4 Test conditions

tions

direct
[ any,
rial of

ionic

h cell.

turer

tlude

4.1 | Géneral

Unless otherwise stated in this document, cells shall be tested at room temperature. For the

purposes of this document, room temperature is 25 °C £ 2 K.

The details of the instrumentation used shall be provided in any report of results.

Cell blocks can be tested as an alternative to cells in accordance with the agreement between
the cell manufacturer and the customer.

Concerning the cell for plug-in hybrid electric vehicles (PHEV), the cell manufacturer can s
either the test condition of BEV application or of HEV application.

elect
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NOTE
4.2
421

Test and measurement can be conducted in a fixture as recommended by the cell manufacturer.
Measuring instruments

Range of measuring devices

The instruments used shall enable the values of voltage and current to be measured. The range
of these instruments and measuring methods shall be chosen so as to ensure the accuracy
specified for each test.

For analogue instruments, this implies that the readings shall be taken in the last third of the

gradyated scale

Any other measuring instruments may be used provided they give an equivalent acguracy)|
4.2.2 Voltage measurement

The fesistance of the voltmeters used shall be at least 1 MQ/V.

4.2.3

The ¢ntire assembly of ammeter, shunt and leads shall be of an @ccuracy class of 0,5 or b

4.2.4 Temperature measurements

The

capa
temp
temp
nece

The
temp

Current measurement

cell temperature shall be measured by use of a“surface temperature measuring d
ble of an equivalent scale definition and accuragy of calibration as specified in 4.2.1
erature should be measured at a location whieh most closely reflects the cell or cell
erature. The temperature may be measured at additional appropriate locatiorn
Ssary.

examples for temperature measurement are shown in Figure 1. The instruction
erature measurement specified by.the cell manufacturer shall be followed.

btter.

bvice

The
block
s, if

s for
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Prismatic or flat cell

. ) Cylindrical cell
Temperature measuring device

O O @

-
Cell Cell
)
.\ A / (&)
-
Thermal insulating material
IECI
Prismatic or pouch cell Cylindrical cell
O O Temperature measuring device @
e
Cell Cell Cell
|-
Thermal insulating material
IEC
Figure« — Example of temperature measurement of cell
4.2.5 Other measurements
Othef values-iggludingcapacity-and-power may be measured by use of a measuring dgvice,
provided it complies with 4.3.
4.3 | Tolerance

The overall accuracy of controlled or measured values, relative to the specified or actual values,
shall be within the following tolerances:

a) 10,1 % for voltage;

b) +1 % for current;

c) 2 K for temperature;

d) 0,1 % for time;

e) 10,1 % for mass;

f) 10,1 % for dimensions.

These tolerances comprise the combined accuracy of the measuring instruments, the
measurement technique used, and all other sources of error in the test procedure.
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4.4 Testtemperature Thermal stabilization

nototherwisedefined,—before—eachte he-cell-h o—be stabilized he—test For the

stabilization of cell temperature, the cell shall be soaked to a specified ambient temperature for
a minimum of 12 h. This period-ean may be reduced if thermal-egquilibrium stabilization is
reached. Thermal-egquilibrium stabilization is considered to be reached if after one interval of 1
h, the change of cell temperature is lower than 1 K.

5.1 General charge conditions

Unless otherwise stated in this document, prior to the electrical measurement-test, the cell{shall
be charged as follows.

Prior[to charging, the cell shall be discharged at room temperature atia constant currgnt of
1/3 Ij (A) for BEV application and 1 I; (A) for HEV application dowr_to an end-of-discharge

voltape specified by the cell manufacturer. Then, the cell shall be chiarged at room temperpture
accofding to the charging method declared by the cell manufacturer.

5.2 | Capacity

Before the SOC adjustment in 5.3, the capacity of the)test cell shall be confirmed to bge the
rated value in accordance with the following phases.

1) Phase 1 — The cell shall be charged in_ accordance with 5.1. After recharge, thg cell
temperature shall be stabilized in accordance with 4.4.

2) Phase 2 — The cell shall be discharged at room temperature at a constant current of
3 1, (A) for BEV application and @t’1 I, (A) for HEV application to the end-of-discharge

bltage that is-previded specifieghby the cell manufacturer.

P
1
v

3) Phase 3 — Measure the discharge-endurance duration until the specified end-of-discharge
vpltage is reached, and,-calculate the capacity of the cell expressed in Ah up to three
s|gnificant figures.

5.3 | SOC adjustment

The fest cells shall be charged as specified in the following list. The SOC adjustment is the
procedure to bgyfellowed for preparing cells to the various SOCs for the tests in this document.

3) Phase he—cettshattb scharge constantetrren appteation
and of 11, (A) for HEV application for (100 —#)/100 x 3 h for BEV application and
(100 — n)/100 x 1 h for HEV application, where n is SOC (%) to be adjusted for each test.

6 Safety tests

6.1 General

For all the tests specified in this Clause 6, the test installation shall be reported, including the
method used for fixing and wiring of the cell. If necessary, to prevent deformation, the cell may
be maintained during the test in a manner that complies with the test purpose.

The tests shall be performed on cells that are not more than six months old. The number of
cells under each test can be determined according to the agreement between the cell
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manufacturer and the customer. A cell block may be used for testing in place of a single cell in
accordance with the agreement between the cell manufacturer and the customer.

The number and type of test samples (cell or cell block) shall be provided in a test report.

Each test shall end with the one-hour observation period, unless otherwise specified in this
document.

Qu/
PRE
CAj

Warning: THE TESTS USE PROCEDURES WHICH MAY RESULT IN HARM IF ADEQUATE
PRECAUTIONS ARE NOT TAKEN. TESTS SHOULD ONLY BE PERFORMED BY

mmmwmmm%. TO
EVENT BURNS, CAUTION SHOULD BE TAKEN FOR THOSE CELLS WHOSE

bES MAY EXCEED 75 °C AS A RESULT OF TESTING.

Mechanical tests

6.2.1
This

Mechanical shock
.1 Purpose
est is performed to Simulate mechanical shocks to a cell that may occur during the ng

rmal

operation of the vehicleyand to verify the safety performance of the cell under such condifions.

6.2.1

The fest shall.be performed in accordance with 6.2.2.2 of IEC 62660-2:20402018.

6.2.1

.2 Test

.3 Acceptance criteria

During the test, the cell shall exhibit no evidence of leakage, venting, rupture, fire or explosion.

6.2.2
6.2.2

Crush

A Purpose

This test is performed to simulate external load forces that may cause deformation of a cell,
and to verify the safety performance of the cell under such conditions.

6.2.2

.2 Test

The test shall be performed as follows:
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a) adjust the SOC of cell to 100 % for BEV application and to 80 % for HEV application in

accordance with 5.3;

b) the cell shall be placed on an insulated rigid flat supporting surface, and a force shall be
applied to it with a crushing tool made of a solid material in the shape of a round or
4445

semicircular bar orin the shape of a sphere or hem|sphere W|th a 150 mm dlameter

eeu—metumeg—a—ﬂat—er—peueh—eeu— The force for the crushrng shall be applled ina dlrectlon

nearly perpendicular to a larger side of the layered face of the positive and neg

ative

electrodes inside the cell. The force shall be applied to the approximate centre of the cell

as shown in Figure 2. The crush speed shall be less than or equal to 6 mm/min;

NPTE e Touna Dar Cdll De Used 10 CrusIit a CyIlndricdl Cell, dna e spriere cdil De used 10 Crusit a Pri
cell or pouch cell.

c) the force shall be released when an abrupt voltage drop of one-third of the grigina
vpltage occurs, or a deformation of 15 % or more of the initial cell dimension)occurs
fqrce of 1 000 times the weight of the cell is applied, whichever comes first= The cells
bge under observation for 24 h or until the cell temperature declines by 80 % of the max
temperature rise, whichever occurs sooner.

Crushing tool: Crushing tool:

semicircular bar hemisphere
/
Cylindrical cell Prismatic cell
IEC
—p . Crushing direction
IEC
a) Example for cylindrical cell b) Example for prismatic cell

Figure 2 — Example of crush test

6.2.2,.3 Acceptance criteria

During the test, the cell shall exhibit no evidence of fire or explosion.

bmatic

| cell
or a
shall
mum

6.3 Thermal test
6.3.1 High temperature endurance

6.3.1.1 Purpose

This test is performed to simulate a high-temperature environment that the cell may experience
during the reasonably foreseeable misuse or incident of the vehicle, and to verify the safety

performance of the cell under such conditions.

6.3.1.2 Test

The test shall be performed as follows:
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a) adjust the SOC of the cell to 100 % for BEV applications, and to 80 % for HEV applications
in accordance with 5.3;

b) the cell, stabilized at room temperature, shall be placed in a gravity or circulating air
convection oven. The oven temperature shall be raised at a rate of 5 K/min to 130 °C £ 2 K.
The cell shall remain at this temperature for 30 min. Then, after the heater is turned off, the
cell shall be observed for 1 h in the oven.

6.3.1.3 Acceptance criteria

Durirlg the test, the cell shall exhibit no evidence of fire or explosion.

6.3.2 Temperature cycling
6.3.2/1 Purpose
This [test is performed to simulate the anticipated exposure to low and. high environmiental

tempgrature variations which can result in expansion and contraction_6f;eell components| and
to vefify the safety performance of the cell under such conditions.

6.3.2.2 Test

The fest shall be performed in accordance with 6.3.2.2 of |IEC 62660-2:20402018.

6.3.2,.3 Acceptance criteria

Durirg the test, the cell shall exhibit no evidenceof'leakage, venting, rupture, fire or expldsion.

6.4 Electrical tests

If na
H—Ae

6.4.1 External short-circuit
6.4.1].1 Purpose

This [test is performed to simulate an external short-circuit of a cell, and to verify the sjafety
perfgrmance of the eell under such conditions.

6.4.1.2 Test

The fest shall be performed in accordance with 6.4.1.2 of IEC 62660-2:20402018.

6.4.1.3 Acceptance criteria

During the test, the cell shall exhibit no evidence of fire or explosion.

6.4.2 Overcharge
6.4.2.1 Purpose

This test is performed to simulate an overcharge of a cell, and to verify the safety performance
of the cell under such conditions.

6.4.2.2 Test

The test shall be performed as follows:
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a) adjust the SOC of the cell to 100 % in accordance with 5.3;

b) continue charging the cell beyond the 100 % SOC with a charging current 1 7, or 1/3 I, for
BEV application and 5 7, or 1/, for HEV application at room temperature using a power
supply sufficient to provide the constant charging current. The overcharge test shall be
discontinued when the voltage of the cell reaches or exceeds 120 % of the maximum voltage
specified by the cell manufacturer, or the quantity of electricity applied to the cell reaches
or exceeds the equivalent of 130 % SOC, whichever comes first.

c) the test conditions may be according to the agreement between the cell manufacturer and
the customer.

6.4.2

Durir

6.4.3

6.4.3]

This
perfo

6.4.3

[3——Acceptance criteria
g the test, the cell shall exhibit no evidence of fire or explosion.
Forced discharge
1 Purpose
test is performed to simulate an overdischarge of a cell, and to verify the s
rmance of the cell under such conditions.
.2 Test

The fest shall be performed as follows:

a) a
b) ¢
tg

th
m

6.4.3,

Durir

fjust the SOC of the cell to 0 % in accordance with’5.3;

pntinue discharging the cell beyond the 0 %.SOC with a 1 I; discharging current at
mperature. The forced discharge test shall*be discontinued when the absolute val

anufacturer, or the cell is dischargedfor 30 min, whichever occurs sooner.

3 Acceptance criteria

6.4.:| Internal short-circuit test
1

fafety

room
e of

e voltage of the cell reaches 25 % ordess of the nominal voltage specified by the¢ cell

g the test, the cell shall exhibit'no evidence of leakage, venting, rupture, fire or explgsion.

6.4.4, Purpose

This [test is performed to simulate an internal short-circuit of a cell which is caused by its
contgmination with' a conductive particle, etc., and to verify the safety performance of th¢ cell
under such conditions.

NOTE| Annex B provides the informative explanation on the internal short-circuit test.

6.4.4.2 Test

6.4.4.2.1 Forced internal short-circuit test

The test shall be performed on the cell in accordance with 7.3.2 b) of IEC 62619:—2, except as
follows.

When the nickel particle is placed between the positive active material coated area and the
negative active material coated area, the internal short-circuit of single layer shall be confirmed.
The-prescribed specified test conditions, such as the pressing force and the shape of jig, may

2 second edition under preparation. Stage at the time of publication: IEC FDIS 62619:20452021.
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circuit of a single layer-can-be-confirmed is usually indicated by a voltage drop of a few

and electrodes of the cell shall not be crushed.-Fhe Any modification shall berecorded reported.
The internal short-

electrode core (winding, stacking or folding type) from the cell case. In such a case, the position
of the nickel particle may not be the centre of cell, to the extent that the test result is not
influenced.

be modified, if necessary in order to simulate the internal short-circuit of single layer. The case
The nickel particle may be inserted through an incision in the cell case, without extracting the

NOTE-4+
mV.

d by
ent

m

it the
hort

f the positive active material coated area in the winding direction. The other, area where

ositive aluminium foil faces the negative active material

p-the
it the
call

T ITOT T CoOUIt oo P T T VauatTO oy thiT OroaooC oty O thig-—Goi;

d

oo o T VeI ot

, if any,—ear may.'be”check

tCotT—Tray

, failure mode and effects analysis (FMEA), etc. accordingrto-the agre

betwgen the cell-supplier manufacturer and the customer.
Alternative internal short-circuit test

hecause the tast condition of the alternative test mav he more severe thah the

o Uo o tCo GO GItoii—O0

ooy STt o oot T oUW o Tt p oot v oo o T a1 ogauv T CiooproaT
THC OOty PTG T TU oo o vanu antCiiaty OO pPTrovicC o thatr ticac oo ptantcC ot a

faces the negative active material, the nickel particle is placed at the centre of<th¢ cell
tast resultchows an internal short circuit of more than one laver or alaraer short-circluited

o oo T o C oot o oo oo C o T oo O GE RC TV O Tt O SOt riany O CroGtripatty =
z=

e oo gy oot o oo p ot U oy oty SO SIiRc Ut ot T ia T tCTroic ot oaT—p ot

clreuit-

ben the negative active material coated area and the positive aluminium foil which\is

One laver internal short circuit hetwean the®tositive electrode and the neaative electrode

The case-deformation-shall not affect the short circeitif event of cellthermallvor electricallyv
THhe -enerav-shall not be disnersed -bv_anv shorteircuit other-than the interelectrode

;

the design review

“

O oo Cu v T Par oo Tay o ot CCtCO Tt T Tonowintg ormtChia or - oatoncu oo agrc ooty oo

st e e e e

araealthe test mav ho deeamed as 3 valid alternative test nrovided that tha accaentance critaria

aroco

If agreed between the cell manufacturer and the customer, the internal short-circuit test in
Annex C may be conducted as an alternative to the forced internal short-circuit testin 6.4.4.2.1.

chotlbochmnlood Lo
c)}—ANpproximately-the-same-short circuited-area-as-that of 7.3.2 b) of IEC 62619:—3 shall-be
cfeanleiods
e} THhe-test shallberepeatablefsee Fable 1 of IEC 62619 —%).
-.= o =.==. Shad-pbaramete 33 -.-'. Q na =.-=. eadb
‘ ng-to-the-agreement-between-the-customer-and-the-cell-manufacturer
critaria can ha eaficfioad Thao tact racult chall he evaliiated hvy the dicsacscamblv of th

ofcohductive narticles mav he salectad if the followina criteria ara-€atisfied and aareed betiveen

T tC Ot T T OO T oW O T H It g oot T CUTt O o that o Tay O o argSr—orore—on

OV E Gt Carrr o patio o Us

. )
nrecdrilad oritaria
prestHoea-6cHteHa-

betw

end

the

6.4.4.2.2
)

o

h)

o7

ahn\l

1f th

64424
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6.4.4

Durir

g the test, the cell shall exhibit no evidence of fire or explosion.
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Annex A
(informative)

Operating region of cells for safe use

General

This annex explains how to determine the operating region of the cell to ensure the safe use of
the cell. The operating region is specified by the charging conditions such as the upper limit of

charg

The

spec
custd
devid
failun

The limits of the operating region are specified for the minimum safety and are different

the ¢
as cy

A.2

A.2.1

In or
volta
withi
exce
lowe
charg
wher
disch

A ne
same
120 §
serie

A.2.2

g vottage anmdcetttemperature, wiitchensure thesafety of tetlfs:

cell manufacturers should stipulate the information on the operating region in
fication of the cell, as part of the guidance on safety precautions to be provided to
mers, such as the manufacturers of battery packs and systems. A suitable proteg
e and function should also be provided in the battery control system-te-allew, for-a pos
e of the charge control.

harging voltage and temperature specified to optimize the pefformance of the cell
cle life).

Charging conditions for safe use

General

ler to ensure the safe use of cells, the celmanufacturers should set the upper limit g
pe and the temperature of cell to be applied during charging. The cell should be ch3
h a predefined temperature ranges(standard temperature range) at the voltagsg
eding the upper limit. The cell manufacturer may also set a temperature range high
than the standard temperature range, provided that the safety measures, such as low
ing voltage, are taken. The operating region means such range of voltage and temper
e the cell can be used safely. The maximum charging current and the lower limit g
arging voltage may alspbe set for the operating region.

vly developed cellsean apply the same operating region as the original cell, if it ha

electrode material, thickness, design, and separator as the original cell, and less
o of the capacity’of the original cell. The new cell can be considered as the same pr
5 cell.

Consideration on charging voltage

the
their
ction
sible

from
such

f the
rged

not
er or
ered
ature
f the

5 the
than
pduct

The ¢

harging voltage is applied for cells so as to promote the chemical reaction during char

ging.

However, if the charging voltage is too high, excessive chemical reactions or side reactions
occur, and the cell becomes thermally unstable. Consequently, it is essential that the charging
voltage never exceeds the value specified by the cell manufacturer (i.e. the upper limit of
charging voltage). When a cell is charged at a higher voltage than the upper limit charging
voltage, excess amount of lithium-ion is deintercalated from the positive electrode active
material, and its crystalline structure tends to collapse. In these conditions, when an internal
short-circuit occurs, thermal runaway can occur more easily than it does for cells charged in
the predefined operating region. Consequently, the cells should never be charged at a higher
voltage than the upper limit charging voltage.
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The upper limit charging voltage should be set by the cell manufacturer based on the verification
tests, and showing the results, for example, as follows:

test results which verify the stability of the crystalline structure of the positive material;

test results which verify the acceptance of lithium-ion into the negative active electrode
material when the cell is charged at the upper limit charging voltage;

test results which verify that the cells charged at the upper limit charging voltage are tested
in accordance with the safety test in Clause 6 at the upper limit of the standard temperature
range, and the acceptance criteria of each test are met.

side
ture.

Charping in the low or high temperature range is considered to cause more-side reactions| and

ore severe risk from a safety viewpoint than when it is done in the-standard temperature

range where the upper limit charging voltage is safely applicable. Consequently, the charging
voltage and/or the charging current should be reduced from the uppet limit charging voltage
and/gr the maximum charging current in both the low temperature range and the|high

tempkrature range.

A.2

perf
in th

cha

Whe{ a cell is charged at a higher temperature than the.standard temperature range, the sfafety

3.2 High temperature range

rmance of the cell tends to decrease due to lower stability of the crystalline structure. Also,
high temperature range, the thermal runaway tends to occur following a relatively small
npe in temperature.

As afresult, the charging of cells in the high' temperature range should be controlled as follows:

A.2

when the surface temperature of\the cell is within the high temperature range specifi¢d by
Re cell manufacturer, specific ‘charging conditions, such as lower charging voltagg and
clirrent, are applied;

—

when the surface temperature of the cell is higher than the upper limit of the|high
tgmperature range, the cell-is shall never-te be charged under any charging current.

3.3 Low temperature range

When a cell is charged in the low temperature range, the mass transfer rate decreases and the

lithi
ise

um-ion in§ertion rate into the negative material becomes low. Consequently, metallic lifhium
agily deposited on the carbon surface. In this condition, the cell becomes thermally unsjtable

and [liable/to become overheated and to cause the thermal runaway. Also, in thg low
tempgratlre range, the acceptance of lithium-ions is highly dependent on the temperature| In a

lithi
acc

um battery system that consists of multi-cells in a series connection, the lithium-ion
eptability of each cell differs depending on the cell temperature, which reduces the safety

of the battery system.

As a result, the charging of cells in the low temperature range should be controlled as follows:

when the surface temperature of the cell is within the low temperature range specified by
the cell manufacturer, specific charging conditions, such as lower charging voltage and
current, are applied;

when the surface temperature of the cell is below the lower limit of the lower temperature
range, the cell-is shall never-te be charged under any charging current.
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Figure A.1 illustrates a typical example of an operating region for charging. In a temperature
range higher or lower than the standard temperature range, it is permissible to charge the cell
provided that a lower charging voltage and/or current are used. The operating range can be
specified with a step shape which is shown in Figure A.1, or with diagonal lines. Figure A.2

Example of operating region

— 22 —

illustrates an example of an operating region for discharging.

IEC 62660-3:2022 RLV © IEC 2022

Charging current

Charging voltage

¢--—-—----

Operating region (current)

T4to T): low temperature range
T, to T'5: standard temperature range

T3 to T5: high temperature range
Upper limit charging voltage
2 e
< _______________________________________________ _———
—— e
Operating rg@voltage) E
v fo v v

Cell temperature (surface)

Figure A.1*=An example of operating region
for charging of typical lithium-ion cells

IEC

T4 to Ty: low temperature range
T, to T5: standard temperature ra

ngel

o . ) . T3 to Ty4: high temperature range

£ | \Maximum discharging current

(8] +

(o))

c

2 , ,

© Operating region (current)

3

a : : I
1 1 1
1 1 1
Y y A 4

(0]

(o))

3

°

>

_E’ Operating region (voltage)

2

©

§ Lower limit discharging voltage

a i | i i
1 1 1 1
v A 4 v v

Cell temperature (surface)

Figure A.2 — An example of operating region for
discharging of typical lithium-ion cells

IEC
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B.1

Annex B
(informative)

Explanation for the internal short-circuit test

General concept

The internal short-circuit tests in this document verify the cell behaviour in some specific cases
of the internal short-circuit. The internal short-circuit test according to 6.4.4.2.1 demonstrates

the a
It re

Non€g

runa
one

modud
risk-

to th¢ vehicle in order to ensure the safe use of lithium-ion technology in vehicles.

B.2

The i
throu
verify

The Internal short-circuit test in 6.4.4 js¢specially intended to simulate the contamination
y a conductive particle, which paotentially occurs during the manufacturing process. Pj;ticle

cellb
contd
batte]

/e intern ho Q N8 4 4 demon a tha ah O ha ce anity

vay in the cell is reduced to zero. Accordingly, the risk linked to the, thermal runawp
Cell should be mitigated in the scale-up level leading to the overall system (cell b

E-necessarily needs to be shared between the various levels 6f the structure from the

Internal short-circuit caused by the particle contamination

gh to the use in the vehicle. The different safety tests in this document are intendg

mination is especially critical;” because the fire incidents of the portable lithiu
ries on the market are attributed in part to particle contamination.

sion.
bresents the demonstration of the risk mitigation linked to that particular case.|Fhe

of the internal short-circuit tests, however, demonstrates that the possibility of thermal

y of

lock,
le, battery pack or vehicle). It is important to note that the comprehensive mitigation ¢f the

cell

hternal short-circuit of the cell is likely to have various causes from the production prqcess

d to

the basic safety of the cell against the, various short-circuit-phenremena causes|(see
Tablg B.1).

of a

-ion
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Table B.1 — Examples of the internal short-circuit of cell

Mode Cause Countermeasure Test
Excessive environmental Abnormal temperature Specify the operating 6.3.1 High temperature
condition condition endurance
£ ; . . : :
Excessive shock (drop or 6.2.1 Mechanical shock
impact)
Crush of the cell 6.2.2 Crush

Dendrite Improper charging Specify the operating -a
conditions (low region
temperature or high
current)
Overcharge 6.4.2 Overcharge
Overdischarge 6.4.3 Forged discharge
Improper -a
positive/negative material
balance

Production process Contamination with a Process control 6+4.4 Internal short-circuit
conductive particle test
Burrs or loose metal part -a
Tear of separator -a

a he internal short-circuit test in 6.4.4 can also cover the internal ‘short-circuit resulting from these cajuses
cause of its smaller or similar short-circuit area.

The
IEC

and
size
gene
singh
elect
testi
test @

NOTE
cell, b
of acr
and th

NOTE|
to the
almos

est in 6.4.4.2.1 refers to the forced internal short-circuit (FISC) test as specifi¢d

in

2619. The detailed procedure of the FISE test is also defined in IEC 62133-2-and

e rapid heat geneération at the short-circuited area.

the same performance as it has in its unprocessed state in terms of both capacity and resistance.

. The FISC test is conducted with’a test cell in which a nickel particle is insgrted,
0 simulate the worst-case condition of the internal short-circuit. The-preseribed spegified
bf the nickel particle represents the largest contaminant potentially contained in a cell, and
rates the maximum heat betweenthe electrodes. The particle contamination causepg-the
b a one- to two-layer internal shert-circuit between the positive electrode and the negative
fode, which can be simulated-enly by the-FISC-testat-the-time-of publication short-dircuit
h 6.4.4.2. Itis verified that.the thermal, chemical and electrical conditions of the procgssed
ell are equivalent to those of the unprocessed cell, and have no influence on the test r¢sult.

1 The thermal condition*of the processed test cell is equivalent to or more severe than that of the unprogessed
ecause of the small-heat conductance of the polyethylene bag to be used for the test cell. The press jigfmade
lic resin or nitrile rubber has small heat conductance, and does not affect the heat release from the tejst cell

2 The evaporation of electrolyte during the preparation of the test cell is almost entirely prevented accprding
lpreseribed specified test procedure, so that there is no influence on the test result. The processed cgll has
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Annex C
(normative)

Alternative internal short-circuit test (6.4.4.2.2)

C.1 General

This annex provides the test specifications for the alternative internal short-circuit test set out
in 6.4.4.2.2.

This fest is applicable to prismatic and pouch cells. é

The Q~

agre¢ment between the cell manufacturer and the customer.

est shall be made with 5 cells. The number of cells may be changed aw{/ayding t

Q
(5‘1/

b the

case

ative
cell

C.2 | Test preparation and test set-up Q)Q
©

C.2.1 Preparation of cell before the test %(1/
For B prismatic cell, the case may be thinned or remc@d by an appropriate method
reconmended by the cell manufacturer, if necessary, mé&rder to avoid the effect of
defoqmation on the internal short-circuit event. Q
For @ prismatic cell with the case connected t cher the positive electrode or neg
electfode, the case shall be removed by an a@priate method recommended by the
manuyfacturer. <

&

The

ase of a pouch cell shall not be thin@d or removed.

adju
need

The following is a recor@énded method of removing a piece of the hard case for the ind
presg.

1) Step 1 - Th%{ e surface of the cell case partially up to 90 % of the case thick

Thinging or removal of the cas hould be conducted before charging and the vo
?L Q\?

ment of the cell. ThIS o on should be conducted taking all the safety meaj

d.

O

A
t

igure C. s an example of case thinning. The thinning tool shall be designed in
at the of cutting head enters into 90 % of the case thickness. Figure C.2 sho
am&ieo a simplified manual thinning tool. A milling machine or other tools can als

Itage
bures

enter

hess.
brder
s an
o be

pimensions 1 mifm

Cutting head of

thinning tool

Thinning tool

Cell case

IEC

Figure C.1 — Example of case thinning

netres
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Cutting head
(replaceable)

Handle

IEC A

%
Figure C.2 — Example of thinning tool (LQ‘

tq the thinned part of case. The attachment surface of the removal pi all be the same

2) Skep 2 — Apply glue to the attachment surface of a removal pin, then atwe removal pin
s|ze as the thinned case hole. Glue of tensile strength above 20 MPa\$ recommended (for

ekample, glue gun or epoxy glue). After glue hardening, pull the val pin out. The[hole
of removed part should be sealed with insulation tape before t t. Figure C.3 shows an
ekample of the case removal process.

Case thinning Bonding

P--5-m

Attachment Pull out Hole sealing

o\\

@ure C.3 — Example of removing hard case

IEC

Figune C.4 also s&@ an example of hard case removal during the cell manufacturing prqcess
as fol|lows:

tep 1 @epare the weak area for example by welding an additional vent during the¢ cell
an ring process.

iece,
iece.

‘ Weak area, eg. welding ‘ Gluing a ring-pull ‘ Hard case removed

additional vent

- Mix the AB glue using a ratio of (1:1). Bond the pull-tab with glue on the vent i

Figure C.4 — Example of hard case removal method during cell manufacturing
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C.2.2 Test setup
C.2.21 Fixation of cell
The cell shall be held in a manner to prevent movement during the test using a fixation device.

The cell shall be electrically isolated from the test bench. Figure C.5 shows an example of a
fixation device.

©

©)

Rubber sheet

I a4

[
IEC

Figure C.5 — Example of fixationdf cell

C.2.3.2 Voltage measurement

In orgler to detect the targeted internal short-circuit, tHe voltage shall be measured between the
negative or positive terminal of the cell and an indetter according to the cell design. The voltage
line ghall not be connected to a terminal of the gutérmost electrode. Figure C.6 shows an iage
of th¢ test setup.

Cell design Test setup image

Indenter

Case Case

Negative electrode @
Positive electrode Q

Negative
terminal

Positive
terminal
Voltmeter IEC
a) Outermost electrode: Negative
Indenter
Case Case

N

Positive electrode

N 4

Negative electrode

N

Negative Positive
terminal terminal

Voltmeter
IEC

b) Outermost electrode: Positive

Figure C.6 — Test setup image for voltage measurement
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Cc.2.2.3 Indenter device

2022

The indenter shall be a steel or SUS nail, for example, SKD-11, SUS 440C, SUS 300 series,
having a diameter of between 1 mm and 3 mm.

The angle of the nail tip should be between 20° and 45°.

Cc.2.3 Preliminary test

The condition of the indenter stop, i.e. the value of the voltage drop, which corresponds to a
one- or two-layer short-circuit of the cell under test, shall be determined before the test as

folloys: Q

a) Prepare the cell in accordance with C.2.1, if applicable. Q}’

b) Aldjust the voltage of the cell to the upper limit charging voltage. ‘l,

c) Fjx the cell to the test setup in accordance with C.2.2. The indenterl%all be p
, $h

d)

e)

perpendicular to the electrode layers of the cell. The cell or the inden
this perpendicular axis. The indentation location shall be the sar%@s that describ

4.4.2.1. %)

6
The preliminary test shall be conducted at the test temperatu@ 25 °C = 5 K. Durin
tdst, the voltage shall be recorded with sampling rate of 1 @) Z or more.

Press the indenter to the cell, or press the cell up to thgigddenter, with a constant ve
of 0,01 mm/s. The press speed may be faster than 0,0 m/s if a one- to two-layer int
short-circuit can be achieved. The press should b Qtopped when a visible abrupt vo
dfop is detected after the voltage between the in %ﬁr and the terminal reaches the vo
between negative and positive terminals. After the stop of the press, release the ind
from the cell within 10 s. Figure C.7 shows a@ ample of the voltage drop.

A \\'QQ) A

o
-
N

Voltage (V)

o
N

0,08
0,06
0,04

Abrupt
voltage drop 0,02

o

* Displacement of indenter (mm)

OQ:.—@&?sm : - ! -0,02
% ) ) Time (s) y
@)

aced

all move along

ed in
g the

ocity
ernal
Itage
Itage
enter

\Q/ ——— Cell voltage

- Voltage between the indenter and the terminal

——— Displacement of the indenter
IEC

Figure C.7 — Example of abrupt voltage drop

Discharge the cell to a safety voltage, and then disassemble the cell to check the nu
of shorted layer. Repeat steps a) to e) until a one- to two-layer internal short-circ
achieved, and the voltage drop parameter for the indenter stop is determined. The nu

mber
uit is
mber

of short-circuit layers is equal to the number of shorted points between the positive and
negative electrode. The shorted point where the indenter did not touch is not counted as

shorted layer.
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C.3 Test procedure

The test shall be conducted as follows:

a) Prepare the cell in accordance with C.2.1, if applicable.
b) Adjust the voltage of the cell to the upper limit charging voltage.

c) Fix the cell to the test setup in accordance with C.2.2. The indenter shall be placed
perpendicular to the electrode layers of the cell. The cell or the indenter shall move along
this perpendicular axis. The indentation location shall be the same as described in 6.4.4.2.1.

d) The test shall be conducted at the test temperature of 25 °C + 5 K. During the test, the
vpltage shall be recorded with a sampling rate of 1 000 Hz or more. The temperature, ¢f the
ﬁe;
ro

cell may be recorded with a sampling rate of 1 Hz or more. The temperature uring
device should be set on the surface of the cell, at a distance of less than 25 m the
centre of the indentation.

N
NPTE After the press is stopped, the measuring frequency can be more than 1 Hz. ,(1/

e) Press the indenter to the cell, or press the cell up to the indenter, wi I?a’constant velocity
of 0,01 mm/s. The press speed may be faster than 0,01 mm/s if a to two-layer internal
short-circuit can be achieved. The press shall be stopped immT/ tely when the votage
dfop as determined in C.2.3 is detected. ©

f) Affter stopping the press, the cell shall be observed for ~The indenter shall remgin in
place at the stop, and be kept stable within £ 0,02 mm i(th X, Y and Z directions unfil the
ehd of the test including the observation period. @)

NOTE| After the end of the observation period, the cell can be @embled to check the number of shorted lpyers.

N\

C.4 | Acceptance criteria S\&

7
See $.4.4.3. $\‘$\
R\
xO
<
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SECONDARY LITHIUM-ION CELLS FOR THE PROPULSION
OF ELECTRIC ROAD VEHICLES -

Part 3: Safety requirements
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promiote interna
coloperation on all questions concerning standardization in the electrical and electronic fields/ o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEGyPublication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deqlt with

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

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

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

Pyblications is accurate, IEC cannot be held responsible _for)ythe way in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence be
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

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

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

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

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

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.

It is g@n International Standard.
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2660=3>has been prepared by IEC technical committee 21: Secondary cells and battg¢ries.

This second edition cancels and replaces the first edition published in 2016. This edition
constitutes a technical revision.

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

a) The new method for the internal short-circuit test has been added in 6.4.4.2.2 and Annex C,

as an alternative option to the test in 6.4.4.2.1.

b) The vibration test has been deleted.

c) The test conditions of overcharge (6.4.2.2) have been partially revised.


https://iecnorm.com/api/?name=b39802404e0a6c3888ea43c3be877e26

IEC 62660-3:2022 © |EC 2022 -5-

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

Draft Report on voting
21/1133/FDIS 21/1137/RVD
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ibed in greater detail at www.iec.ch/standardsdev/publications.

for the propulsion of electric road vehicles, can be found on the IEG.-website.
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SECONDARY LITHIUM-ION CELLS FOR THE PROPULSION
OF ELECTRIC ROAD VEHICLES -

Part 3: Safety requirements

1 Scope

This part of IEC 62660 specifies test procedures and acceptance criteria for safety performance
of sgqcondary lithium-ion cells and cell blocks used for propulsion of electric vehicles |(EV)
inclugling battery electric vehicles (BEV) and hybrid electric vehicles (HEV).

This [document determines the basic safety performance of cells used in arbattery pack and
systgm under intended use and reasonably foreseeable misuse or incident~yduring the ngrmal
opethion of the EV. The safety requirements of the cell in this document are based on the
premijise that the cells are properly used in a battery pack and system within the limits for vofltage,
currgnt and temperature as specified by the cell manufacturer (cell-opérating region).

The fvaluation of the safety of cells during transport and<storage is not covered by this
document.

NOTE|1 The safety performance requirements for lithium-ion battery‘packs and systems are defined in ISO 6#69-1.
The specifications and safety requirements for lithium-ion battery_packs and systems of electrically propelled mpopeds
and mpotorcycles are defined in ISO 18243. IEC 62619 covers\the safety requirements for the lithium-ion cells and
batterfes for industrial applications, including, for example,forklift trucks, golf carts, and automated guided vehicles.

NOTE|2 Lithium cells, modules, battery packs, and«battery systems are regulated by International Air Trapsport
Assocjation (IATA) and International Maritime Organization (IMO) for air and sea transport, and, regionally, by other
authoiities, mainly for land transport. Refer to IEC.62281 for additional information.

2 Normative references

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

IEC ¢2619:—1,_Secondary cells and batteries containing alkaline or other non-acid electrdlytes
— Saflety requireiments for secondary lithium cells and batteries, for use in industrial applications

IEC 6266042:2018, Secondary lithium-ion cells for the propulsion of electric road vehicjes —
Part ps.Réliability and abuse testing

ISO/TR 8713, Electrically propelled road vehicles — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TR 8713 and the
following apply.

1 Second edition under preparation. Stage at the time of publication: IEC FDIS 62619:2021.


https://iecnorm.com/api/?name=b39802404e0a6c3888ea43c3be877e26

IEC 62660-3:2022 © |EC 2022 -7-

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

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

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

3.1
BEV

battery electric vehicle
electric vehicle with only a traction battery as power source for vehicle propulsion

3.2

cell block

group of cells connected together in parallel configuration with or without protective de
(e.g.|fuse or positive temperature coefficient resistor (PTC)) and not yet fitted with its

hous

3.3

cylin(drical cell

cell with a cylindrical shape in which the overall height is equal to of greater than the dian
[SOURCE: IEC 60050-482:2004, 482-02-39]

3.4

explosion

failure that occurs when a cell container opens violently and its solid contents are fo

ng, terminal arrangement or electronic control device

vices
final

heter

cibly

e for

cell

expelled

3.5

fire

emission of flames from a cell or cell blegek for more than 1 s

Note ] to entry: Sparks and arcing are not'eonsidered as flames.

3.6

HEV

hybrjd electric vehicle

vehidle with both a rechargeable energy storage system and a fuelled power sourc
propllsion

3.7

internal short-circuit

unintentional electrical connection between the negative and positive electrodes inside a
3.8

leakage

visible escape of liquid electrolyte from a part, except for a vent, such as the case, sealing part,
and/or terminals of the cell

3.9

nominal voltage
suitable approximate value of the voltage used to designate or identify a cell

[SOURCE: IEC 60050-482:2004, 482-03-31, modified — Deletion of "a battery or an
electrochemical system" at the end of the definition.]
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3.10

pouch cell

cell having the shape of a parallelepiped whose faces are rectangular and with a prismatic
flexible laminate film case

3.1

prismatic cell

cell having the shape of a parallelepiped whose faces are rectangular and with a prismatic hard
case

[SOURCE: IEC 60050-482:2004, 482-02-38, modified — The word "cell" has been added to the
term ] "qualifies a cell or a battery" has been replaced with "cell" in the definition, and "and with
a prigmatic hard case housing" has been added.]

3.12
rated capacity
C

n
capagity value of a cell in ampere hours (Ah) determined under spécjfied conditions| and
decldred by the cell manufacturer

Note 1 to entry: The subscript n in C, is the time base in hours (h). In this document, » = 3 for BEV applicatign and
n = 1 for HEV application unless otherwise specified.

Note 4 to entry: Term and definition based on IEC 60050-482:2004, 482-03-15.

3.13
reference test current
1y
refergnce test current in amperes (A) which isexpressed as

L=,/ 1

n

Note 1 to entry: 1 has a dimension of time n hours (h).

Note 4 to entry: See IEC 61434:1996,-Ctause 2.

3.14

ruptdire
mec?Tanical failure ofra~container case of a cell induced by an internal or external cause,
resulting in exposurg or spillage but not ejection of materials

3.15
secolndary lithium-ion cell
secopdary single cell whose electrical energy is derived from the insertion/extraction reagtions
of lithium-ions between the negative electrode and the positive electrode

Note 1 to entry: A secondary cell is a manufactured unit providing a source of electrical energy by direct conversion
of chemical energy. The cell consists of electrodes, electrolyte, container, terminals and, if any, separators. The
electrode can be monopolar or bipolar; the current collector of the former has active material of single polarity and
the latter has positive and negative electrode active materials. The electrolyte includes an ionic conductive liquid or
solid, or a mixture of them. The cell is designed to be charged electrically.

Note 2 to entry: Where the term "cell" is used alone in this document, it refers to a secondary lithium-ion cell.

3.16

SOC

state of charge

quantity of electricity stored in a cell expressed as a percentage of rated capacity
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3.17
upper limit charging voltage
highest charging voltage in the cell operating region, which is specified by the cell manufacturer

Note 1 to entry: Information on the cell operating region is provided in Annex A.

[SOURCE: IEC 62133-2:2017, 3.19, modified — Note to entry added.]

3.18

venting
release of excessive internal pressure from a cell in a manner intended by design to preclude
rupture or explosion

4 Test conditions

4.1 General

Unle$s otherwise stated in this document, cells shall be tested at room. temperature. Fdr the
purposes of this document, room temperature is 25 °C + 2 K.

The dletails of the instrumentation used shall be provided in any(report of results.

Cell blocks can be tested as an alternative to cells in accordance with the agreement between
the cell manufacturer and the customer.

Conderning the cell for plug-in hybrid electric vehicles' (PHEV), the cell manufacturer can gelect
eithef the test condition of BEV application or of<HEV application.

NOTE| Test and measurement can be conducted in _a\fixture as recommended by the cell manufacturer.
4.2 | Measuring instruments
421 Range of measuring devices

The ihstruments used shall enabte the values of voltage and current to be measured. The range
of these instruments and measuring methods shall be chosen so as to ensure the accuyiracy
specified for each test.

For gnalogue instruments, this implies that the readings shall be taken in the last third gf the
gradyiated scale:

Any ¢ther measuring instruments may be used provided they give an equivalent accuracyj|.

4.2.2 . “Voltage measurement

The resistance of the voltmeters used shall be at least 1 MQ/V.

4.2.3 Current measurement

The entire assembly of ammeter, shunt and leads shall be of an accuracy class of 0,5 or better.

4.2.4 Temperature measurements

The cell temperature shall be measured by use of a surface temperature measuring device
capable of an equivalent scale definition and accuracy of calibration as specified in 4.2.1. The
temperature should be measured at a location which most closely reflects the cell or cell block
temperature. The temperature may be measured at additional appropriate locations, if
necessary.
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The examples for temperature measurement are shown in Figure 1. The instructions for
temperature measurement specified by the cell manufacturer shall be followed.

Prismatic or pouch cell Cylindrical cell

O O Temperature measuring device @

4.2.5
Othe

Cell Cell Cell

Thermal insulating material £c

Figure 1 — Example of temperature measurément of cell

Other measurements

Tolerance

be within the following tolerances:

D,1 % for voltage;

1 % for current;

P K for temperature;
D,1 % for time;

D,1 % for mass

D,1 % for dimensions.

e tolerances comprise the combined accuracy of the measuring instruments
urement technique used, and all other sources of error in the test procedure.

 values may be measured by use of a measuring device, provided it complies with 4} 3.

4.4

Thermal stabilization

verall accuracy of controlled or meastred values, relative to the specified or actual vdlues,

the

For the stabilization of cell temperature, the cell shall be soaked to a specified ambient
temperature for a minimum of 12 h. This period may be reduced if thermal stabilization is
reached. Thermal stabilization is considered to be reached if after one interval of 1 h, the
change of cell temperature is lower than 1 K.

5 Electrical measurement

5.1

General charge conditions

Unless otherwise stated in this document, prior to the electrical measurement, the cell shall be
charged as follows.
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Prior to charging, the cell shall be discharged at room temperature at a constant current of
1/3 I (A) for BEV application and 1 I; (A) for HEV application down to an end-of-discharge

voltage specified by the cell manufacturer. Then, the cell shall be charged at room temperature
according to the charging method declared by the cell manufacturer.

5.2 Capacity

Before the SOC adjustment in 5.3, the capacity of the test cell shall be confirmed to be the
rated value in accordance with the following phases.

1) Phase 1 — The cell shall be charged in accordance with 5.1. After charge, the cell

nt of
arge

3) Phase 3 — Measure the discharge duration until the specified end-of-discharge voltage is
reached, and calculate the capacity of the cell expressed in Ah up' {0 three significant
figures.

5.3 | SOC adjustment

The fest cells shall be charged as specified in the followingdist: The SOC adjustment is the
procedure to be followed for preparing cells to the various SOCS for the tests in this document.

1)
2)

Phase 1 — The cell shall be charged in accordance with 5.1.
P

3) Phase 3 — The cell shall be discharged at a constant current of 1/3 1, (A) for BEV application
a
(1

hase 2 — The cell shall be left at rest at room temperature in accordance with 4.4.

nd of 11, (A) for HEV application for>(100 —#)/100 x 3 h for BEV application| and
00 — n)/100 x 1 h for HEV application,”where n is SOC (%) to be adjusted for each test.

6

rd .Y

pafety tests

6.1 General

For dll the tests specified in‘this Clause 6, the test installation shall be reported, including the
methpd used for fixing and wiring of the cell. If necessary, to prevent deformation, the cell may
be mpintained during the test in a manner that complies with the test purpose.

The tests shall be\performed on cells that are not more than six months old. The number of
cells|under each test can be determined according to the agreement between the cell
manufacturér-and the customer. A cell block may be used for testing in place of a single dell in
accofdance‘with the agreement between the cell manufacturer and the customer.

The number and type of test samples (cell or cell block) shall be provided in a testreport.

Each test shall end with the one-hour observation period, unless otherwise specified in this
document.

Warning: THE TESTS USE PROCEDURES WHICH MAY RESULT IN HARM IF ADEQUATE
PRECAUTIONS ARE NOT TAKEN. TESTS SHOULD ONLY BE PERFORMED BY
QUALIFIED AND EXPERIENCED TECHNICIANS USING ADEQUATE PROTECTION. TO
PREVENT BURNS, CAUTION SHOULD BE TAKEN FOR THOSE CELLS WHOSE CASES
MAY EXCEED 75 °C AS A RESULT OF TESTING.
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Mechanical tests
1 Mechanical shock
1.1 Purpose

This test is performed to simulate mechanical shocks to a cell that may occur during the normal
operation of the vehicle, and to verify the safety performance of the cell under such conditions.

6.2

1.2 Test

The test shall be performed in accaordance with 6 2 2 2 of IFC 62660-2:2018

6.2

6.2

A3 Acceptance criteria

Durirlg the test, the cell shall exhibit no evidence of leakage, venting, rupture, fire of explo
.2 Crush
201 Purpose

6.2

This ftest is performed to simulate external load forces that may cause deformation of a
and fo verify the safety performance of the cell under such conditions.

6.2.2.2 Test

The fest shall be performed as follows:

a)

b)

c)

afjust the SOC of cell to 100 % for BEV application and to 80 % for HEV applicati
agcordance with 5.3;

tHe cell shall be placed on an insulated‘rigid flat supporting surface, and a force sh
applied to it with a crushing tool made of a solid material in the shape of a rou
semicircular bar, or in the shape of*a sphere or hemisphere with a 150 mm diameter
fqrce for the crushing shall be applied in a direction nearly perpendicular to a larger si

applied to the approximate.€entre of the cell as shown in Figure 2. The crush speed
bg less than or equal to 6 mm/min;

NPTE The round bar can\be used to crush a cylindrical cell, and the sphere can be used to crush a pri
cell or pouch cell.

vpltage occurs, or a deformation of 15 % or more of the initial cell dimension occurs
fqrce of 1-000 times the weight of the cell is applied, whichever comes first. The cells
e undenobservation for 24 h or until the cell temperature declines by 80 % of the max
mpérature rise, whichever occurs sooner.

~ O

sion.

cell,

bn in

Il be
d or
The
de of

the layered face of the positive ‘and negative electrodes inside the cell. The force shall be

shall

bmatic

the force shall be’'released when an abrupt voltage drop of one-third of the origina] cell

or a
shall
mum
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Crushing tool: Crushing tool:

semicircular bar hemisphere
/
L \ —7
Cylindrical cell Prismatic cell
1=
—p . Crushing direction
IEC
a) Example for cylindrical cell b) Example for_prismatic cell

Figure 2 — Example of crush test

6.2.2,.3 Acceptance criteria

Durirlg the test, the cell shall exhibit no evidence of fire or explosion.

6.3 | Thermal test
6.3.1 High temperature endurance
6.3.1}1 Purpose

This fest is performed to simulate a high-temperature environment that the cell may experience
durinlg the reasonably foreseeable misuse or incident of the vehicle, and to verify the safety
perfdrmance of the cell under'such conditions.

6.3.1[.2 Test

The fest shall be performed as follows:

a) afljust the SOLC of the cell to 100 % for BEV applications, and to 80 % for HEV applications
il accordance with 5.3;

raised at a rate of 5 K/min to 130 °C

6.3.1.3 Acceptance criteria

During the test, the cell shall exhibit no evidence of fire or explosion.

6.3.2 Temperature cycling
6.3.2.1 Purpose

This test is performed to simulate the anticipated exposure to low and high environmental
temperature variations which can result in expansion and contraction of cell components, and
to verify the safety performance of the cell under such conditions.
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.2 Test

The test shall be performed in accordance with 6.3.2.2 of IEC 62660-2:2018.

6.3.2

3 Acceptance criteria

2022

During the test, the cell shall exhibit no evidence of leakage, venting, rupture, fire or explosion.

6.4
6.4.1

Electrical tests

External short-circuit

6.4.1

This
perfd

6.4.1

.1 Purpose

test is performed to simulate an external short-circuit of a cell, and to verify ‘the s
rmance of the cell under such conditions.

.2 Test

The fest shall be performed in accordance with 6.4.1.2 of IEC 62660-2.2018.

6.4.1

Durir

6.4.2

6.4.2

This

.3 Acceptance criteria
g the test, the cell shall exhibit no evidence of fire or explosion.
Overcharge
1 Purpose
est is performed to simulate an overchar@e of a cell, and to verify the safety perform

of thg cell under such conditions.

6.4.2

L2 Test

The fest shall be performed as follows:

a)
b)

oCwaon @O o

c)

Hjust the SOC of the cell to 100 % in accordance with 5.3;

bntinue charging the.cell beyond the 100 % SOC with a charging current 1 7, or 1/3
EV application and*5 7, or 1/, for HEV application at room temperature using a p
ipply sufficient.to provide the constant charging current. The overcharge test sha
scontinuedwiien the voltage of the cell reaches or exceeds 120 % of the maximum vo|
pecified by the cell manufacturer, or the quantity of electricity applied to the cell reg
F exceeds’/the equivalent of 130 % SOC, whichever comes first.

— —
= 5

e test/ conditions may be according to the agreement between the cell manufacturef

afety

ance

1, for
ower

Il be
Itage
ches

and

ecustomer.

6.4.2

3 Acceptance criteria

During the test, the cell shall exhibit no evidence of fire or explosion.

6.4.3
6.4.3

Forced discharge

A Purpose

This test is performed to simulate an overdischarge of a cell, and to verify the safety
performance of the cell under such conditions.
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6.4.3

The t

.2 Test

est shall be performed as follows:

a) adjust the SOC of the cell to 0 % in accordance with 5.3;

b) continue discharging the cell beyond the 0 % SOC with a 1 I; discharging current at room

temperature. The forced discharge test shall be discontinued when the absolute value of
the voltage of the cell reaches 25 % or less of the nominal voltage specified by the cell
manufacturer, or the cell is discharged for 30 min, whichever occurs sooner.

6.4.3

.3 Acceptance criteria

Durir

6.4.4.

This
contd
unde

NOTE|

6.4.

g the test, the cell shall exhibit no evidence of leakage, venting, rupture, fire or explo

6.4.:| Internal short-circuit test
1

Purpose

test is performed to simulate an internal short-circuit of a cell which is caused K
mination with a conductive particle, etc., and to verify the safety-performance of thg
' such conditions.

Annex B provides the informative explanation on the internal short-€ircuit test.

6.4.1.2 Test

2.1 Forced internal short-circuit test

The fest shall be performed on the cell in accordance with 7.3.2 b) of IEC 62619:—2, exce

folloV

Whe
nega
The {
if ne
elect

The

elect
of th
influg

NOTE

In ca

VS.

the nickel particle is placed between the positive active material coated area an
ive active material coated area, the‘internal short-circuit of single layer shall be confir
pecified test conditions, such as the pressing force and the shape of jig, may be mod
cessary in order to simulatevthe internal short-circuit of single layer. The caseg
rodes of the cell shall not.-he'crushed. Any modification shall be reported.

nickel particle may be inserted through an incision in the cell case, without extractin
rode core (winding,'stacking or folding type) from the cell case. In such a case, the po
e nickel particle 'may not be the centre of cell, to the extent that the test result i
nced.

The intérnal short-circuit of a single layer is usually indicated by a voltage drop of a few mV.

5es ‘where the aluminium foil of positive electrode is exposed at the outer turn, and {

faceg

the’negative active material, the nickel particle is placed at the centre of the cell bet

sion.

y its
e cell

pt as

H the
med.
ified,

and

g the
sition
5 not

hat it
veen

the n

egative active material coated area and the positive aluminium foil which Is at the e

nd of

the positive active material coated area in the winding direction. The other area where the
positive aluminium foil faces the negative active material, if any, may be checked by the design
review, failure mode and effects analysis (FMEA), etc. according to the agreement between the
cell manufacturer and the customer.

6.4.4

2.2 Alternative internal short-circuit test

If agreed between the cell manufacturer and the customer, the internal short-circuit test in
Annex C may be conducted as an alternative to the forced internal short-circuit testin 6.4.4.2.1.

2 second edition under preparation. Stage at the time of publication: IEC FDIS 62619:2021.
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6.4.4.3 Acceptance criteria

During the test, the cell shall exhibit no evidence of fire or explosion.
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A1

Annex A
(informative)

Operating region of cells for safe use

General

This annex explains how to determine the operating region of the cell to ensure the safe use of
the cell. The operating region is specified by the charging conditions such as the upper limit of

charg

The

spec
custd
devid

The limits of the operating region are specified for the minimum safety and are different

the ¢
as cy

A.2

A.2.1

In or
volta
withi
exce
lowe
charg
wher
disch

A ne
same
120 §
serie

A.2.2

mg-vottage andcetttemperature, wiitchensure thesafety of tetts:

cell manufacturers should stipulate the information on the operating region” in
fication of the cell, as part of the guidance on safety precautions to be provided to
mers, such as the manufacturers of battery packs and systems. A suitable protg

harging voltage and temperature specified to optimize the pefformance of the cell
cle life).

Charging conditions for safe use

General

ler to ensure the safe use of cells, the celmanufacturers should set the upper limit g
pe and the temperature of cell to be applied during charging. The cell should be ch3
n a predefined temperature ranges(standard temperature range) at the voltags

than the standard temperature range, provided that the safety measures, such as low
ing voltage, are taken. The operating region means such range of voltage and temper
e the cell can be used safely. The maximum charging current and the lower limit g
arging voltage may alsg-be set for the operating region.

vly developed cellsean apply the same operating region as the original cell, if it ha

electrode material, thickness, design, and separator as the original cell, and less
o of the capacity’of the original cell. The new cell can be considered as the same pr
5 cell.

Consideration on charging voltage

the
their
ction

e and function should also be provided in the battery control system, for,possible failure
of th¢ charge control.

from
such

f the
rged
not

bding the upper limit. The cell manufacturer may also set a temperature range higher or

ered
ature
f the

5 the
than
pduct

The ¢

harging voltage is applied for cells so as to promote the chemical reaction during char

ging.

However, if the charging voltage is too high, excessive chemical reactions or side reactions
occur, and the cell becomes thermally unstable. Consequently, it is essential that the charging
voltage never exceeds the value specified by the cell manufacturer (i.e. the upper limit of
charging voltage). When a cell is charged at a higher voltage than the upper limit charging
voltage, excess amount of lithium-ion is deintercalated from the positive electrode active
material, and its crystalline structure tends to collapse. In these conditions, when an internal
short-circuit occurs, thermal runaway can occur more easily than it does for cells charged in
the predefined operating region. Consequently, the cells should never be charged at a higher
voltage than the upper limit charging voltage.
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The upper limit charging voltage should be set by the cell manufacturer based on the verification
tests, and showing the results, for example, as follows:

test results which verify the stability of the crystalline structure of the positive material;

test results which verify the acceptance of lithium-ion into the negative active electrode
material when the cell is charged at the upper limit charging voltage;

test results which verify that the cells charged at the upper limit charging voltage are tested
in accordance with the safety test in Clause 6 at the upper limit of the standard temperature
range, and the acceptance criteria of each test are met.

side

reacfions or the condition of the reaction products during charging is dependent\on tempergture.
Charping in the low or high temperature range is considered to cause more-side reactions| and

is a

more severe risk from a safety viewpoint than when it is done in the-standard temperature

range where the upper limit charging voltage is safely applicable. Consequently, the charging
voltage and/or the charging current should be reduced from the uppet limit charging voftage
and/gr the maximum charging current in both the low temperature range and the|high

tempkrature range.

A.2

perf
in th

cha

Whe{ a cell is charged at a higher temperature than the.standard temperature range, the safety

3.2 High temperature range

rmance of the cell tends to decrease due to lower stability of the crystalline structure. Also,
high temperature range, the thermal runaway tends to occur following a relatively small
npe in temperature.

As afresult, the charging of cells in the high' temperature range should be controlled as follows:

A.2

when the surface temperature of<the cell is within the high temperature range specified by
He cell manufacturer, specific ‘charging conditions, such as lower charging voltagg and
irrent, are applied;

O =

when the surface temperature of the cell is higher than the upper limit of the|high
tgmperature range, the cell shall never be charged under any charging current.

3.3 Low temperature range

When a cell is charged in the low temperature range, the mass transfer rate decreases and the

lithi
ise
and

um-ion in§ertion rate into the negative material becomes low. Consequently, metallic lifhium
asily deposited on the carbon surface. In this condition, the cell becomes thermally unsftable
liable/to become overheated and to cause the thermal runaway. Also, in thg low

tempgrattre range, the acceptance of lithium-ions is highly dependent on the temperature| In a

lithi
acc

um battery system that consists of multi-cells in a series connection, the lithium-ion
eptability of each cell differs depending on the cell temperature, which reduces the safety

of the battery system.

As a result, the charging of cells in the low temperature range should be controlled as follows:

when the surface temperature of the cell is within the low temperature range specified by
the cell manufacturer, specific charging conditions, such as lower charging voltage and
current, are applied;

when the surface temperature of the cell is below the lower limit of the lower temperature
range, the cell shall never be charged under any charging current.
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A3

Figure A.1 illustrates a typical example of an operating region for charging. In a temperature
range higher or lower than the standard temperature range, it is permissible to charge the cell
provided that a lower charging voltage and/or current are used. The operating range can be
specified with a step shape which is shown in Figure A.1, or with diagonal lines. Figure A.2

Example of operating region

- 19—

illustrates an example of an operating region for discharging.

Charging current

Charging voltage

¢--—-—----

Operating region (current)

Upper limit charging voltage

T4to T): low temperature range
T, to T'5: standard temperature range
T3 to T5: high temperature range

Cell temperature (surface)

Figure A.1*=An example of operating region
for charging of typical lithium-ion cells

IEC

T4 to Ty: low temperature range

T, to T5: standard temperature range

o . ) . T3 to Ty4: high temperature range

£ | \Maximum discharging current

(8] +

(o))

c

2 , ,

© Operating region (current)

3

a : : I
1 1 1
1 1 1
Y y A 4

(0]

(o))

3

°

>

_E’ Operating region (voltage)

2

©

§ Lower limit discharging voltage

a i | i i
1 1 1 1
v A 4 v v

Cell temperature (surface)

Figure A.2 — An example of operating region for
discharging of typical lithium-ion cells

IEC
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Annex B
(informative)

Explanation for the internal short-circuit test

General concept

2022

The internal short-circuit tests in this document verify the cell behaviour in some specific cases

of th
the a
It rep

Nong
runa
one
modud
risk

resents the demonstration of the risk mitigation linked to that particular case.

of the internal short-circuit tests, however, demonstrates that the possibility of thg
vay in the cell is reduced to zero. Accordingly, the risk linked to the thermal runaw|
Cell should be mitigated in the scale-up level leading to the overallsystem (cell b
le, battery pack or vehicle). It is important to note that the comprehénsive mitigation ¢
eeds to be shared between the various levels of the structure from’the cell to the vg

in ordler to ensure the safe use of lithium-ion technology in vehicles:

B.2

The i
throu
verify

Internal short-circuit caused by the particle contamination

hternal short-circuit of the cell is likely to have various causes from the production prd
gh to the use in the vehicle. The different safety*tests in this document are intend
the basic safety of the cell against the various short-circuit causes (see Table B.1).

The Internal short-circuit test in 6.4.4 is specially intended to simulate the contamination

cell b
contd
batte]

y a conductive particle, which potentially’occurs during the manufacturing process. lel;ticle

mination is especially critical, because the fire incidents of the portable lithiu
ries on the market are attributed-in*part to particle contamination.

Table B.1 — Examples of the internal short-circuit of cell

ility of the cell to withstand the presence of a particle in the cell without fire or explgsi

brmal
ay of
lock,
f the
hicle

cess
ed to

of a

-ion

Mode Cause Countermeasure Test
Excgssive environmental Abnormal temperature Specify the operating 6.3.1 High temperatufe
condjtion condition endurance

Excessive shock (drop or 6.2.1 Mechanical shogk
impact)
Crush of the cell 6.2.2 Crush
Dendrite Improper charging Specify the operating -a
conditions (low region
temperature or high
current)
Overcharge 6.4.2 Overcharge
Overdischarge 6.4.3 Forced discharge
Improper -a
positive/negative material
balance
Production process Contamination with a Process control 6.4.4 Internal short-circuit
conductive particle test
Burrs or loose metal part -a
Tear of separator -a

b

a8 The internal short-circuit test in 6.4.4 can also cover the internal short-circuit resulting from these causes

ecause of its smaller or similar short-circuit area.
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The test in 6.4.4.2.1 refers to the forced internal short-circuit (FISC) test as specified in
IEC 62619. The detailed procedure of the FISC test is also defined in IEC 62133-2. The FISC
test is conducted with a test cell in which a nickel particle is inserted, and to simulate the worst-
case condition of the internal short-circuit. The specified size of the nickel particle represents
the largest contaminant potentially contained in a cell, and generates the maximum heat
between the electrodes. The particle contamination causes a one- to two-layer internal short-
circuit between the positive electrode and the negative electrode, which can be simulated by
the short-circuit test in 6.4.4.2. It is verified that the thermal, chemical and electrical conditions
of the processed test cell are equivalent to those of the unprocessed cell, and have no influence
on the test result.

NOTE essed
cell, bpcause of the small heat conductance of the polyethylene bag to be used for the test cell. The press.jiglmade
of acrylic resin or nitrile rubber has small heat conductance, and does not affect the heat release from.the test cell
and thie rapid heat generation at the short-circuited area.
NOTE|2 The evaporation of electrolyte during the preparation of the test cell is almost entirely prevented accprding

to the|specified test procedure, so that there is no influence on the test result. The processed ‘eell has almgst the
same performance as it has in its unprocessed state in terms of both capacity and resistance.
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Annex C
(normative)

Alternative internal short-circuit test (6.4.4.2.2)

General

2022

This annex provides the test specifications for the alternative internal short-circuit test set out
in 6.4.4.2.2.

This test is applicable to prismatic and pouch cells.

The

est shall be made with 5 cells. The number of cells may be changed accarding t

agre¢ment between the cell manufacturer and the customer.

C.2

c.2

For

Test preparation and test set-up

.1 Preparation of cell before the test

recommended by the cell manufacturer, if necessary, inZerder to avoid the effect of
defomation on the internal short-circuit event.

For

@ prismatic cell with the case connected to_either the positive electrode or negd

electfode, the case shall be removed by an appropriate method recommended by theg
manufacturer.

The

adjugt
need

ase of a pouch cell shall not be thinfied or removed.

ment of the cell. This operation should be conducted taking all the safety meaj
d.

Thin;[:ng or removal of the case(should be conducted before charging and the vo

The following is a recommended method of removing a piece of the hard case for the ind

press.

1)

Step 1 — Thin\the surface of the cell case partially up to 90 % of the case thick
Figure C.1.shows an example of case thinning. The thinning tool shall be designed in

at the €dge of cutting head enters into 90 % of the case thickness. Figure C.2 sho
ekample-of a simplified manual thinning tool. A milling machine or other tools can alg
used.

—

b the

h prismatic cell, the case may be thinned or removéd by an appropriate method

case

ative
cell

Itage
sures

enter

ness.
brder
s an
o be

pimensions n mitm

Cell case Cutting head of
thinning tool

Thinning tool

Cell case

IEC

Figure C.1 — Example of case thinning

netres
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Cutting head
(replaceable)

Handle

IEC

tq the thinned part of case. The attachment surface of the removal pi

Case thinning Bonding

Attachment 0 Pull out Hole sealing
o\\

@ure C.3 - Example of removing hard case

Figure C.2 — Example of thinning tool (l/

2) Step 2 — Apply glue to the attachment surface of a removal pin, then atta Q'ne removal pin
all be the same

s|ze as the thinned case hole. Glue of tensile strength above 20 MPa s recommended (for

IEC

&

ekample, glue gun or epoxy glue). After glue hardening, pull the val pin out. The| hole
of removed part should be sealed with insulation tape before t t. Figure C.3 shows an
ekample of the case removal process.

Figue C.4 also s @) an example of hard case removal during the cell manufacturing prqcess

as follows:

1)

an ring process.
2)

additional vent

sgz - Mix the AB glue using a ratio of (1:1). Bond the pull-tab with glue on the vent p

tep 1 @epare the weak area for example by welding an additional vent during th¢ cell

iece,
iece.

¢Mea eg. welding “a ring-pull i Hard case removed

Figure C.4 — Example of hard case removal method during cell manufacturing
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Test setup

Fixation of cell

—24 —
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The cell shall be held in a manner to prevent movement during the test using a fixation device.
The cell shall be electrically isolated from the test bench. Figure C.5 shows an example of a

fixation device.
.
Rubber sheet
I / dl
il:r/ﬁw'\
Cell O @) @) Bakelite
| /
IEC
Figure C.5 — Example of fixation.of cell
C.2.2.2 Voltage measurement
In orgler to detect the targeted internal short-circuit, the voltage shall be measured between the

negative or positive terminal of the cell and an indenter according to the cell design. The voltage
line ghall not be connected to a terminal of the ogutermost electrode. Figure C.6 shows an ifnage

of th

test setup.

Cell design

Case

N

Negative electrode

A

Positive electrode

AN

a) Outermost electrode: Negative

Test setup image

Indenter

Negative
terminal

Positive
\ terminal
Voltmeter IEC
Indenter

Case

N

Positive electrode

N 4

Negative electrode

N

Case

Positive
terminal

Negative
terminal
Voltmeter

IEC

b) Outermost electrode: Positive

Figure C.6 — Test setup image for voltage measurement
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Cc.2.2.3 Indenter device

The indenter shall be a steel or SUS nail, for example, SKD-11, SUS 440C, SUS 300 series,
having a diameter of between 1 mm and 3 mm.

The angle of the nail tip should be between 20° and 45°.

c.2.3 Preliminary test

The condition of the indenter stop, i.e. the value of the voltage drop, which corresponds to a
one- or two-layer short-circuit of the cell under test, shall be determined before the test as
folloys:

a)
b)
c)

d)

e)

Prepare the cell in accordance with C.2.1, if applicable.
Aldjust the voltage of the cell to the upper limit charging voltage.
Fjx the cell to the test setup in accordance with C.2.2. The indenter)shall be p

Ris perpendicular axis. The indentation location shall be the samé~as that describ
4.4.2.1.

6
The preliminary test shall be conducted at the test temperature~of 25 °C + 5 K. Durin
tgst, the voltage shall be recorded with sampling rate of 1 000,Hz or more.

Press the indenter to the cell, or press the cell up to the‘indenter, with a constant ve
of 0,01 mm/s. The press speed may be faster than 0,01 tm/s if a one- to two-layer inf
short-circuit can be achieved. The press should be<‘stopped when a visible abrupt vo
dfop is detected after the voltage between the indenter and the terminal reaches the vo
between negative and positive terminals. After.the stop of the press, release the ind
from the cell within 10 s. Figure C.7 shows an‘example of the voltage drop.

aced

perpendicular to the electrode layers of the cell. The cell or the indenter, shall move along
t

ed in
g the

ocity
ernal
Itage
Itage
enter

S A A
41 R 0,12

8 —
S 4,05 o1 £
4 0,08 &
N @
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®©
38 0o 2
a
<— 3,75 -0,02 >

-10 -5 0 5
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——— Cell voltage

Voltage between the indenter and the terminal

——— Displacement of the indenter
IEC

Figure C.7 — Example of abrupt voltage drop

Discharge the cell to a safety voltage, and then disassemble the cell to check the nu

mber

of shorted layer. Repeat steps a) to e) until a one- to two-layer internal short-circuit is

achieved, and the voltage drop parameter for the indenter stop is determined. The nu

mber

of short-circuit layers is equal to the number of shorted points between the positive and
negative electrode. The shorted point where the indenter did not touch is not counted as

shorted layer.
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Test procedure

The test shall be conducted as follows:

a) P

repare the cell in accordance with C.2.1, if applicable.

b) Adjust the voltage of the cell to the upper limit charging voltage.

2022

c) Fix the cell to the test setup in accordance with C.2.2. The indenter shall be placed
perpendicular to the electrode layers of the cell. The cell or the indenter shall move along
this perpendicular axis. The indentation location shall be the same as described in 6.4.4.2.1.

d) The test shall be conducted at the test temperature of 25 °C + 5 K. During the test, the

Vv

c
d
c

N
P
o
S
d
A
p
e

NOTE
C.4

See

bltage shall be recorded with a sampling rate of 1 000 Hz or more. The temperature, g
bll may be recorded with a sampling rate of 1 Hz or more. The temperature meas
bvice should be set on the surface of the cell, at a distance of less than 25 mntfron
bntre of the indentation.

DTE After the press is stopped, the measuring frequency can be more than 1 Hz.

ress the indenter to the cell, or press the cell up to the indenter, with-a constant ve
0,01 mm/s. The press speed may be faster than 0,01 mm/s if a one- to two-layer int
nort-circuit can be achieved. The press shall be stopped immediately when the vo
fop as determined in C.2.3 is detected.

fter stopping the press, the cell shall be observed for 1h>-The indenter shall rema3

nd of the test including the observation period.

After the end of the observation period, the cell can be disassembled to check the number of shorted |
Acceptance criteria

b.4.4.3.

f the
uring
n the

ocity
ernal
Itage

in in

ace at the stop, and be kept stable within £ 0,02 mm in the X, Y and Z directions unfjil the

ayers.
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5 Spécifications techniques, des Rapports techniques, des Spécifications accessiblesyau“public (PAS)
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a.des’comités d'étud

vaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
ernationales, gouvernementales et non gouvernementales, en liaison avec I'lEC; participent égaleme
vaux. L'IEC collabore étroitement avec I'Organisation Internationale de.‘Normalisation (ISO), selo
hditions fixées par accord entre les deux organisations.

5 décisions ou accords officiels de I'|EC concernant les questions techniques représentent, dans la mes
5sible, un accord international sur les sujets étudiés, étant donné que‘les/‘Comités nationaux de I'lEC inté
ht représentés dans chaque comité d’études.

5 Publications de I'l[EC se présentent sous la forme de recOmmandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les_€fforts raisonnables sont entrepris afin qug
ssure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ns le but d'encourager l'uniformité internationale, les;*Comités nationaux de I'lEC s'engagent, dans tg
sure possible, a appliquer de fagon transparente_le's Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutesxRublications de I'lEC et toutes publications national
ionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

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

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

ttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publid
érencées'est obligatoire pour une application correcte de la présente publication.

ttention‘est attirée sur le fait que certains des éléments de la présente Publication de I'|EC peuvent faire
droits”“de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drg

br

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

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatigfi-composée
I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC‘a pour objet de
oriser la coopération internationale pour toutes les questions de normalisation dans. les domainges de
ectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internationales,
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L'IEC 62660-3 a été établie par le comité d'études 21 de I'lEC: Accumulateurs. Il s'agit d'une
Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2016. Cette édition
constitue une révision technique.

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

a)

b)
c)

La nouvelle méthode pour I'essai de court-circuit interne a été ajoutée au 6.4.4.2.2 et a

‘Annexe C, comme option alternative a I'essai au 6.4.4.2.1.

L'essai de vibration a été supprimée.

Les conditions d'essai de la surcharge (6.4.2.2) ont été partiellement révisées.
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La prtésente partie de I'lEC 62660 spécifie les procédures d'essai et les critéres d'accepﬂation
en mptiére de performance de sécurité des éléments d'accumulateurs lithium-ion ef.des

ments utilisés pour la propulsion des véhicules électriques (VE), y compris les.véhi
rfiques a batterie (VEB) et les véhicules électriques hybrides (VEH).

ésent document a pour objet de déterminer les performances de séeurité de base

blocs
Cules

des

bnts utilisés dans un groupe et systéme de batteries dans les_cConditions d'utili:lation
prévie et les mauvaises utilisations ou incidents raisonnablement, prévisibles, pend

onnement normal du VE. Dans le présent document, les-‘exigences de sécurit
nent s'appuient sur I'hypothése selon laquelle les éléments sont'correctement utilisés
oupe et systeme de batteries dans les limites de tension,“de courant et de tempér
fiées par le fabricant de I'élément (plage de fonctionnement de I'élément).

nt le
e de
dans
ature

luation de la sécurité des éléments pendant le transport et le stockage n'est pas coujerte
par l¢ présent document.

1 Les exigences de performance de sécurité des groupes et systémes de batteries lithium-ion sont d
ISO 6469-1. Les spécifications et exigences de _sécurité des groupes et systemes de batteries lithium-i
hoteurs et motocycles a propulsion électrique sont.définies dans I'lSO 18243. L’IEC 62619 traite des exig
Curité des accumulateurs lithium-ion pour les\applications industrielles, comprenant par exemple le ¢
eur a fourche, la voiturette de golf et le véhicule a guidage automatique.

2 Les éléments, les modules, lescgroupes et systémes de batteries au lithium sont réglementé
Ciation du Transport Aérien International (IATA) et I'Organisation maritime internationale (OMI) p
ort aérien et maritime, et, au niveaurégional, par d'autres autorités, principalement pour le transport ter
orter a I'lEC 62281 pour des.infermations supplémentaires.

Références normatives

ocuments suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou
ur contend;des exigences du présent document. Pour les références datées,
on citée~s'applique. Pour les références non datées, la derniére édition du docume
bnce s‘applique (y compris les éventuels amendements).

tfinies
n des
ences
hariot

s par
bur le
estre.

artie
seule
nt de

IEC ¢2619:— 1, Accumulateurs alcalins et autres accumulateurs a électrolyte non ac

de —

Exigences de sécurité pour les accumulateurs au lithium pour utilisation dans des applications
industrielles

IEC 62660-2:2018, Eléments d’accumulateurs lithium-ion pour la propulsion des véhicules
routiers électriques — Partie 2: Essais de fiabilité et de traitement abusif

ISO/TR 8713, Véhicules routiers électriques — Vocabulaire

1

Deuxiéme édition en cours d’élaboration. Stade au moment de la publication: IEC FDIS 62619:2021.
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3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'|SO/TR 8713 ainsi que les
suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I’'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

VEB
véhigule électrique a batterie
veéhidule électrique comportant seulement une batterie de traction comme source’d'é€nergie|pour
sa propulsion

3.2
bloc|d’éléments
groupe d’éléments connectés ensemble en parallele avec ou sans dispositif de protection
(fusibble ou résistance a coefficient de température positif (CTR), par exemple) et pas encore
équigé de son boitier final, de ses bornes et d’un dispositif deleommande électronique

3.3
élémient cylindrique
élément de forme cylindrique dans laquelle la hauteur totale est supérieure ou égale au
diamptre

[SOURCE: IEC 60050-482:2004, 482-02-39]

3.4
explosion
défaijlance qui se produit lorsqu’uncbac d'élément s'ouvre violemment et lorsque son contenu
solidg est éjecté de maniére violente

3.5
feu
émisgion de flammes d’un élément ou d’un bloc d'éléments pendant plus de 1 s

Note 1 a l'article: /hes étincelles et les arcs ne sont pas considérés comme des flammes.

3.6
VEH
véhigculéélectrique hybride
véhicute comportanta ta fois unm systeme de stockage d' €nergie etfectrique rechargeapte et une
source d'énergie a carburant pour sa propulsion

3.7

court-circuit interne

connexion électrique accidentelle entre les électrodes négatives et positives a l'intérieur d’un
elément

3.8

fuite

échappement d'électrolyte liquide par une partie de I'élément, sauf par un évent, telle que le
boitier, un joint et/ou les bornes de I'élément
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tension nominale
valeur approchée appropriée d’'une tension, utilisée pour désigner ou identifier un élément

2022

[SOURCE: IEC 60050-482:2004, 482-03-31, modifié — Suppression de "une batterie, ou un
systéme électrochimique"” a la fin de la définition.]

3.10

élément poche
élément ayant la forme d'un parallélépipéde dont les faces sont rectangulaires et dont le boftier
est constitué d'un film stratifié souple prismatique

3.1

élémient parallélépipédique
élémpent ayant la forme d'un parallélépipéde dont les faces sont rectangulaires et'dent le b
est prismatique et rigide

[SOURCE: IEC 60050-482:2004, 482-02-38, modifié — Le mot “élément’(@jété ajouté au tqg
"quallifie un élément ou une batterie" a été remplacé par “élément” dans.la définition, et "et
le boftier est prismatique et rigide" a été ajouté.]

3.12

capalcité assignée

C

n

valeyr de la capacité d'un élément en ampéres-heurés)(Ah), déterminée dans des cond
spécifiées et déclarée par le fabricant de I'élément

Note 1 a Il'article: L'indice n de C, est le temps de base“en heures (h). Dans le présent document, n =
I'appligation VEB et n = 1 pour I'application VEH saufispécification contraire.

Note 3 a I'article: Terme et définition issus de,I'tEC 60050-482:2004, 482-03-15.

3.13

courpnt d'essai de référence

Iy

courant d'essai de référence.en ampéres (A) exprimé comme

L=d,/1

Note 1 a l'article: 1.a\une dimension de temps en heures (h).

Note

3.14
rupt
défa

4 a l'article: yVoir I'lEC 61434:1996, Article 2.

Ditier

rme,
dont

tions

pour

i‘ll"e p . robotti etets —ird .

e ou

externe, qui conduit a une exposition des matériaux ou a I'échappement de liquide, mais non a

une

€jection de matériaux
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3.15

élément d'accumulateur lithium-ion

accumulateur unitaire dont I'énergie électrique provient des réactions d'insertion/d'extraction
d'ions lithium entre I'électrode négative et I'électrode positive

Note 1 a l'article: Un accumulateur est un dispositif unitaire manufacturé fournissant une source d'énergie
électrique par conversion directe de I'énergie chimique. L'élément est constitué d'électrodes, d'électrolyte, de
conteneur, des bornes, et le cas échéant, de séparateurs. L'électrode peut étre monopolaire ou bipolaire. Le
collecteur de courant dans le premier cas a une matieére active de polarité unique et dans le second cas, a une
matiére active d'électrode positive et négative. L'électrolyte est composé d'un liquide ou d'un solide conducteur
ionique, ou d'un mélange de ceux-ci. L’élément est congu pour étre chargé électriquement.

Note 2-a l'article: larsque le terme "élément” est utilisé seul dans ce document il fait référence a un élément
d'accymulateur lithium-ion.

3.16
SOC
état gde charge
quantité d'électricité stockée dans un élément, exprimée en pourcentage, de la capacité
assignée

Note 1 a l'article: L’abréviation "SOC" est dérivée du terme anglais développé correSpondant "state of charge".

3.17
limite supérieure de la tension de charge
tensipn de charge la plus élevée dans la plage de fonctionnement de I'élément, spécifiég par
le fapricant de I'élément

Note 1 a I'article: Des informations relatives a la plage de fonctionnement des éléments sont données a I'Anngxe A.

[SOURCE: IEC 62133-2:2017, 3.19, modifié - Ajout de la Note a I'article.]

3.18
échappement de gaz
libération de pression interne excessive d'un élément d'accumulateur obtenue par conception,
de maniére a prévenir la rupture ou(explosion

4 (Conditions d’essai

4.1 Généralités

Sauf|indication contraire dans le présent document, les éléments doivent étre soumis a I'gssai
a la|température."ambiante. Dans le présent document, la température ambiante esgt de
25 °C £ 2 K,

Les c¢aracteristiques des instruments de mesure utilisés doivent étre données dans toujs les
rappaerts’de résultats

Les blocs d'éléments peuvent étre soumis a des essais a la place des éléments, en fonction de
I'accord entre le fabricant de I'élément et le client.

Pour ce qui concerne I'élément d'un véhicule électrique hybride rechargeable (PHEV - plug-in
hybrid electric vehicle), le fabricant de I'élément peut choisir la condition d'essai de
I'application VEB ou de I'application VEH.

NOTE Les essais et le mesurage peuvent étre réalisés dans un dispositif de fixation comme cela est recommandé
par le fabricant de I'élément.
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Instruments de mesure

Plage de mesure des dispositifs de mesure
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Les instruments utilisés doivent permettre de mesurer les valeurs de tension et de courant. La
plage de mesure de ces instruments et les méthodes de mesure doivent étre choisies de fagon
a veiller a I’exactitude spécifiée pour chaque essai.

Pour des instruments analogiques, cela implique que les valeurs lues doivent étre relevées sur
le dernier tiers de I'échelle graduée.

Tout
équiy

4.2.2

Laré

4.2.3

L'eng
meill

aufre instrument de mesure peutf éfre ulilisé dans Ta mesure ou Il donne une exaciitude

alente.

Mesurage de la tension

sistance des voltmeétres utilisés doit étre d'au moins 1 MQ/V.

Mesurage du courant

emble complet ampeéremetre, shunt et fils doit étre d’une classe d’exactitude de 0
bure.

4.2.4 Mesurages de la température

La t

étre

La Fi
de la

5 ou

mpérature de I’élément doit étre mesurée a-laide d'un dispositif de mesure de la
tempgrature de surface permettant une définition d’échelle et une exactitude d'étalon
équivyalentes a celles indiquées en 4.2.1. Il convient'de mesurer la température a 'emplace
qui refléte le mieux la température de I'élémenttou du bloc d’éléments. La température

esurée, si nécessaire, a d’autres emplacements appropriés.

gure 1 donne des exemples de mesarage de la température. Les instructions de mesu

température spécifiées par le fabricant de I'élément doivent étre respectées.
Elément parallélépipédique Elément
cylindrique

O O Dispositif de mesure de la température @

]

Elément Elément

nage
ment
peut

rage

4.2.5

=
Elémént

C

Matériau d'isolation thermique Ec

Figure 1 - Exemple de mesurage de température d’un élément

Autres mesurages

D'autres valeurs peuvent étre mesurées au moyen d'un dispositif de mesure, a condition qu'il
satisfasse a 4.3.
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4.3

Tolérance

L’exactitude globale des valeurs contrélées ou mesurées, relatives aux valeurs spécifiées ou
réelles, doit étre comprise dans les tolérances suivantes:

a) 10,1 % pour la tension;

b) 1 % pour le courant;

c) =2 K pour la température;

d) 0,1 % pour la durée;

e) 0,1 % pour la masse;

f) 0,1 % pour les dimensions.

4.4

Pour
temp
stabi

olérances comprennent I’exactitude combinée des appareils de mesure, des techn
esure utilisées et de toutes les autres sources d'erreur liées a la méthode dlessai.

Stabilisation thermique

la stabilisation de la température de [I'élément, I'élément dgit étre trempé a
grature ambiante spécifiée pendant au moins 12 h. Ce délaj” peut étre réduit
isation thermique est atteinte. La stabilisation thermique,_est considérée comme

atteinte si, aprés un intervalle de temps de 1 h, la variation de-température de I'élémer

inféri

eure a 1 K.

5 Mesurage électrique

5.1
Sauf

Conditions générales de charge

indication contraire dans le présent document, avant le mesurage électrique, I'élé

doit étre chargé comme cela est indiqué cizapres.

Avan
de 1

tensi

It la charge, I'élément doit étre déchargeé a la température ambiante a un courant con
3 I; (A) pour une application VEB et de 1 I; (A) pour une application VEH jusqu'g

bn de fin de décharge spécifiée par le fabricant de I'élément. L'élément doit ensuitg

chargé a la température ambiante conformément a la méthode de charge déclarée pj

fabri

5.2

Avan
ala

1) P
d

ant de I'élément.

Capacité

[t d'ajuster1e~SOC (5.3), la capacité de I'élément d'essai doit étre confirmée comme
aleur assignée conformément aux phases suivantes.

hase 1'— L'élément doit étre chargé conformément a 5.1. Aprés la charge, la tempér
bA|'€lément doit étre stabilisée conformément a 4.4.

ques

une
si la
etant
t est

ment

stant
une

étre

ar le

gtant

ature

2) Phase 2 — L'élément doit étre déchargé a la température ambiante a un courant constant
de 1/3 I; (A) pour une application VEB et de 1 7, (A) pour une application VEH jusqu'a la

tension de fin de décharge spécifiée par le fabricant de I'élément.

3) Phase 3 — Mesurer la durée de décharge tant que la tension de fin de décharge spécifiée
n‘est pas atteinte, puis calculer la capacité de I'élément en Ah jusqu’a trois chiffres
significatifs.

5.3

Ajustement de I’état de charge

Les éléments d'essai doivent étre chargés comme cela est indiqué ci-dessous. L'ajustement de
|'état de charge (SOC) est la procédure a suivre pour préparer les éléments aux différents états
de charge (SOC) destinés aux essais du présent document.
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1) Phase 1 — L'élément doit étre chargé conformément a 5.1.

2) Phase 2 — L'élément doit étre laissé au repos, a la température ambiante, conformément

a4d.4.

3) Phase 3 — L'élément doit étre déchargé a un courant constant de 1/3 7, (A) pour
application VEB et de 1 7, (A) pour une application VEH pendant (100 — #)/100 x 3 h

une
pour

une application VEB et (100 — #)/100 x 1 h pour une application VEH, ou n est le SOC (%)

a ajuster pour chaque essai.

6 Essais de sécurité

6.1 Généralités

Pourltous les essais spécifiés dans le présent Article 6, I'installation d’essai doit étre consignée

dans|le rapport, y compris la méthode de fixation et de cablage de I'élément. Si"nécess

aire,

pour |éviter une déformation, I'élément peut étre maintenu pendant I'essai dune maniérge qui

soit gonforme a I'objectif de I'essai.

Les gssais doivent étre réalisés sur des éléments fabriqués depuis~moins de six moi$. Le
nombre d'éléments soumis a chaque essai peut étre déterminé dans, le cadre d'un accord gntre
le fabricant de I'élément et le client. Un bloc d'éléments peut étre utilisé pour I'essai a la place

d'un peul élément conformément a I'accord entre le fabricant de l'élément et le client.

Le nombre et le type d'échantillons d'essai (élément ou¢bloc d'éléments) doivent étre indiqués

dans|un rapport d'essai.

Chaque essai doit se terminer par une période d'observation d'une heure, sauf spécificlation

contraire dans le présent document.

DONT LES BOITIERS PEUVENT DEPASSER 75 °C PAR SUITE DES ESSAIS.

Avdrtissement: LES PROCEDURES D’ESSAI UTILISEES PEUVENT CONDUIRE A DES
DOMMAGES SI DES MESURES APPROPRIEES NE SONT PAS PRISES. IL CONVIENT
QUE LES ESSAIS NE SOIENT REALISES QUE PAR DES TECHNICIENS EXPERIMENTES
ET | QUALIFIES, UTILISANT.,UNE PROTECTION ADAPTEE. POUR EVITER DES
BRULURES, IL CONVIENT DE FAIRE PREUVE DE PRUDENCE ENVERS LES ELEMENTS

6.2 | Essais mécaniques
6.2.1 Chocimécanique

6.2.1}.1 Objectif

Cet ¢ssdi est réalisé pour simuler les chocs mécaniques subis par un élément qui peuve

nt se

produire pendant le fonctionnement normal du véhicule et pour vérifier les performances de

sécurité de I'élément dans ces conditions.

6.2.1.2 Essai
L'essai doit étre réalisé selon 6.2.2.2 de I'lEC 62660-2:2018.

6.2.1.3 Critéres d'acceptation

Pendant I'essai, I’élément ne doit présenter aucune trace de fuite, d’échappement de gaz, de

rupture, de feu ou d’explosion.
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6.2.2 Compression

6.2.2.1  Objectif

Cet essai est réalisé pour simuler les contraintes extérieures qui peuvent déformer un élément
et pour vérifier les performances de sécurité de I'élément dans ces conditions.

6.2.2.2 Essai

L’essai doit étre réalisé comme suit:

b)

I[élément doit étre placé sur un support isolé plat et rigide et une force doit lui étre appli
@avec un outil de compression composé d'une barre en matériau solide de forme rong
gemi-circulaire ou d'une sphére ou demi-sphére de 150 mm de diamétre!,La forg
¢ompression doit étre appliquée dans une direction sensiblement perpendiculaire
grand c6té de la face active des électrodes positives et négatives a l'intérieur de I'élér

a force doit étre appliquée a proximité du centre de I'élément (voir.la\Figure 2). La vit
de compression doit étre inférieure ou égale a 6 mm/min;

OTE La barre ronde peut étre utilisée pour comprimer un élément cylindrique, et la sphére peut étre u
pour comprimer un élément parallélépipédique ou un élément poche.

la force doit étre relachée lorsqu'une chute de tension brusque d'un tiers de la te
d'origine de I'élément se produit, qu'une déformation)d'au moins 15 % par rapport
dimension initiale de I'élément est obtenue ou ,qu'une force de 1 000 fois le poid
[[éelément est appliquée, selon I'événement survenant en premier. Les éléments dg
Itre en observation pendant 24 h ou jusqu'a.ce*que la température de I'élément din
e 80 % de I'échauffement maximal, selon Eévénement survenant le plus t6t.

Outil de compression: Outil de compression:
barre semi-circulaire demi-sphére

Elément cylindrique Elément
parallélépipédique
IEC

ey - Direction de compression

une

quée
e ou
e de
a un
nent.
esse

tilisée

nsion
ala
s de
ivent
hinue

L[EC

a) Exemple d’élément cylindrique b) Exemple d’élément parallélépipédique

Figure 2 — Exemple d'essai de compression

6.2.2.3 Critéres d'acceptation

Pendant I'essai, I’élément ne doit présenter aucune trace de feu ou d’explosion.
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6.3 Essais thermiques

6.3.1 Endurance a haute température

6.3.1.1 Objectif

Cet essai est réalisé pour simuler un environnement a température élevée auquel I'élément

peut étre confronté en cas de mauvaises utilisations ou d'incidents raisonnablement prévisibles
du véhicule et pour vérifier les performances de sécurité de I'élément dans ces conditions.

6.3.1.2 Essai

L’esqai doit étre réalisé comme suit:

a) ajuster le SOC de I'élément a 100 % pour les applications VEB et a 80 % poufr les
pplications VEH, conformément a 5.3;

b) [l[élément, stabilisé a la température ambiante, doit étre placé dans une étuve a gravifé ou
circulation d’air par convection. La température de I'’étuve doit étre augmentée a un|taux
e 5 K/min jusqu'a une température de 130 °C £ 2 K. L'élément\doit rester a [cette
mpérature pendant 30 min. Puis, une fois le chauffage coupé, I'élement doit étre obgervé
endant 1 h dans I'étuve.

6.3.1(3 Critéeres d'acceptation

Pendant I'essai, I’élément ne doit présenter aucune trace de‘feu ou d’explosion.

6.3.2 Cycles de température
6.3.2.1 Objectif

Cet g¢ssai est réalisé pour simuler I'expositien anticipée a des variations de tempérafures
ambipntes faibles et élevées, qui peuvent.setraduire par une dilatation et une contraction des

composants de I'élément, et pour vérifier,les performances de sécurité de I'élément dang ces
cond|tions.

6.3.2.2 Essai

L'esdai doit étre réalisé selon6.3.2.2 de I'|EC 62660-2:2018.

6.3.2(3 Critéres d'acceptation

Pendant I'essai,<’élément ne doit présenter aucune trace de fuite, d’échappement de gag, de
rupture, de feu ou d’explosion.

6.4 | Essais électriques

6.4.1——Court=circuitexterne
6.4.1.1 Objectif

Cet essai est réalisé pour simuler un court-circuit externe d'un élément et pour vérifier les
performances de sécurité de I'élément dans ces conditions.

6.4.1.2 Essai

L'essai doit étre réalisé selon 6.4.1.2 de I'|EC 62660-2:2018.

6.4.1.3 Critéres d'acceptation

Pendant I’essai, I’élément ne doit présenter aucune trace de feu ou d’explosion.
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