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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SECONDARY CELLS AND BATTERIES CONTAINING
ALKALINE OR OTHER NON-ACID ELECTROLYTES -
SAFETY REQUIREMENTS FOR SECONDARY LITHIUM CELLS
AND BATTERIES, FOR USE IN INDUSTRIAL APPLICATIONS

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardization comn|prising
all pational electrotechnical committees (IEC National Committees). The object of IEC is to promote‘interrjational
co-pperation on all questions concerning standardization in the electrical and electronic fields! To this ¢nd and
in addition to other activities, IEC publishes International Standards, Technical Specifications, [Fechnical Reports,
PuRlicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC( Publication(s)”)] Their
preparation is entrusted to technical committees; any IEC National Committee interestéd, in the subject deplt with
may participate in this preparatory work. International, governmental and non-governmental organizations fiaising
with the IEC also participate in this preparation. IEC collaborates closely with the\International Organization for
Stapdardization (ISO) in accordance with conditions determined by agreement(between the two organizations.

2) Thqg formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interrjational
conlsensus of opinion on the relevant subjects since each technical .ofmmittee has representation ffom all
intgrested IEC National Committees.

3) IEQ Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are madg, to ensure that the technical content|of IEC
Puljlications is accurate, IEC cannot be held responsible _for,the way in which they are used or for any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC National' Committees undertake to apply IEC Publications
trarjsparently to the maximum extent possible in their national and regional publications. Any divergence between
anyl IEC Publication and the corresponding nationalorregional publication shall be clearly indicated in th¢ latter.

5) IE(Q itself does not provide any attestation of conformity. Independent certification bodies provide conformity
asspssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
seryices carried out by independent certification bodies.

6) All psers should ensure that they have thee latest edition of this publication.

7) No [liability shall attach to IEC or its-directors, employees, servants or agents including individual expefts and
meimbers of its technical committeés-and IEC National Committees for any personal injury, property danjage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqs) and
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any other IEC
Puljlications.

8) Attgntion is drawn to the_Normative references cited in this publication. Use of the referenced publicafions is
indispensable for the ‘cafrect application of this publication.

9) Attgntion is drawnto'the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shalMn6t be held responsible for identifying any or all such patent rights.

This ¢ommented version (CMV) of the official standard IEC 62619:2022 edition 2.0 allows
the user -to identify the changes made to the previous IEC 62619:2017 edition
1.0. i ih the

reasons of the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 62619 has been prepared by subcommittee 21A: Secondary cells and batteries containing
alkaline or other non-acid electrolytes, of IEC technical committee 21: Secondary cells and
batteries. It is an International Standard.

This second edition cancels and replaces the first edition published in 2017. This edition

consti

tutes a technical revision.

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

ilable
C are

til the
o the

edition:
a) new requirements for moving parts;
b) addition of requirements for hazardous live parts;
c) addition of requirements for battery system design;
d) ngw requirements for system lock;
e) ngw requirements for EMC;
f) addition of procedure of propagation test by laser.
The tgxt of this International Standard is based on the following documents:
Draft Report on vgoting

21A/785/FDIS 21AI78Z/RVD
Full information on the voting for its approval can belfound in the report on voting indicated in
the ahove table.
The Ignguage used for the development of this\international Standard is English.
This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accorflance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, ava
at www.iec.ch/members_experts/refdocs. The main document types developed by IE
descr|bed in greater detail at wwwiiec.ch/standardsdev/publications.
The cpmmittee has decided that the contents of this document will remain unchanged un
stability date indicated en‘the IEC website under webstore.iec.ch in the data related
specific document. At.this date, the document will be
e regponfirmed,
e withdrawn|
o replaced by a revised edition, or
e amended.

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

This

and bptteries used in industrial applications, including stationary applications.

When| there exists an IEC International Standard specifying test conditions and) require
for cdlls used in special applications and which is in conflict with this document, the f

takes

precedence (e.g., IEC 62660 series on road vehicles).

The fgllowing are some examples of applications that utilize cells andbatteries under the
of thi§ document:

e St
st
e M

brage system, utility switching, emergency power, and-similar applications.

velhicles, and marine vehicles, with the exception/froad vehicles. |1

Since| this document covers batteries for varieus'industrial applications, it includes
requifements which are common and minimumdo the various applications.

Electrical safety is included only as a partiof the risk analysis of Clause 8. In regard to ¢
for addressing electrical safety, the end\use application standard requirements-have need

consi

This
small
decla

dered.

Ir unit can be tested ‘as the representative of the battery. The manufacturer g
es the tested unit. The manufacturer-may can add functions, which are present

final Qattery to the testedvunit.

This

document addresses first life cells and batteries. Reuse, repurpose, second life U

similaf are not taken into consideration by this document. |2

2 N|ormative references

ocument specifies requirements and tests for the safe operation of secondary lithiun cells

ments
ormer

scope

btionary applications: telecom, uninterruptible power supplies (UPS), electrical energy

btive applications: forklift truck, golf cart, automdted guided vehicle (AGV), railway

those

etails
to be

ocument applies to cellssand batteries. If the battery is divided into smaller units, the

learly
n the

se or

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

IEC 62133-2:2017, Secondary cells and batteries containing alkaline or other non-acid
electrolytes — Safety requirements for portable sealed secondary lithium cells, and for batteries
made from them, for use in portable applications — Part 2: Lithium systems


This paragraph clarifies the vehicles covered by the standard, with the exception of road vehicles.

The standard addresses only first life cells and batteries, as the reuse, repurpose and second life will be addressed by a new standard under development.

https://iecnorm.com/api/?name=14fe4fae0e8b7cd1ef9c3e9dbc9ca1f3
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IEC 62620:2014, Secondary cells and batteries containing alkaline or other non-acid
electrolytes — Secondary lithium cells and batteries for use in industrial applications

ISO/IEC Guide 51, Safety aspects — Guidelines for their inclusion in standards

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 51, and
the following apply.

ISO ahd TEC maintain terminological databases for use in standardization at the fellowing
addrefsses:

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

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

3.1
safet
freedgom from unacceptable risk

3.2
risk
combination of the probability of occurrence of harm and/the severity of that harm

[SOURCE: ISO/IEC Guide 51:2014, 3.9, modified ndéletion of Note 1 to entry.]

3.3
harm
physi¢al injury or damage to the health of-people, or damage to property or to the environment

[SOURCE: ISO/IEC Guide 51:2014, 8)1]

3.4
hazand
potential source of harm

[SOURCE: ISO/IEC Guide 51:2014, 3.2]

3.5
intengded use
use df alproduct, process or service in accordance with specifications, instruction$ and
information provided by the supplier

3.6

reasonably foreseeable misuse

use of a product, process or service in a way not intended by the supplier, but which-may can
result from readily predictable human behaviour

[SOURCE: ISO/IEC Guide 51:2014, 3.7, modified — "or system" has been replaced with
"process or service" and notes to entry deleted.]

3.7

secondary lithium cell

cell

secondary cell where electrical energy is derived from the insertion/extraction reactions of
lithium ions or oxidation/reduction reaction of lithium between the negative electrode and the
positive electrode


http://www.iso.org/obp
https://iecnorm.com/api/?name=14fe4fae0e8b7cd1ef9c3e9dbc9ca1f3
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Note 1 to entry: The cell typically has an electrolyte that consists of a lithium salt and organic solvent compound in
liquid, gel or solid form and has a metal or a laminate film casing. It is not ready for use in an application because it
is not yet fitted with its final housing, terminal arrangement and electronic control device.

3.8

cell block

group of cells connected together in parallel configuration with or without protective devices
(e.g. fuse or positive temperature coefficient device (PTC)) and monitoring circuitry

Note 1 to entry: The cell block is not ready for use in an application because it is not yet fitted with its final housing,
terminal arrangement and electronic control device.

3.9

module
group|of cells connected together either in a series and/or parallel configuration with.ar wWithout
protegtive devices (e.g. fuse or positive temperature coefficient device (PTC)) and monitoring
circuifry

3.10
battefry pack
energly storage device, which—is—coemprised—of comprises one orymore cells or mqdules
electr|cally connected and has monitoring circuitry which provides information (e.g. cell voltage)
to a bpttery system to influence the battery's safety, performancé and/or service life

Note 1 to-entrv— 1t has a monitoringcirecuitrvwhich-provides-information4esacell volia
NOte—Hto- et yY-—HtaSaMOoRHOHR G- CHCUHFY-WHRHEHProvae SHtoHRatHoRAe+g—CceH—vora

Note-2|1 to entry:  The battery pack may incorporate a protectivelhausing and be provided with terminals gqr other
intercopnection arrangements.

3.1
battery system
battery
systefn which comprises one or more cells, modules or battery packs and has a bjattery
manapement system capable of conifélling current in case of overcharge, overcyrrent,
overd|scharge, and overheating

Note 1 lto-entry: It has g battervy manadement svystem-to-cut off in case of overcharge overcurrent overdis¢harge
Ot Tt A= HHaS—a—oattery G YStem—+ t—oH1R-Ga T erciatges V-ercuHents V-G G

Note 1 o entry: Overdischargé.cut-off is not mandatory if there is an agreement between the cell manufactufer and
the cugtomer.

Note 2 fo entry: The battery system may have cooling or heating units. More than one battery system may copstitute
a largel battery system)\The battery system is sometimes also referred to as a battery.

3.12
battery management system
BMS
electrpnic’system associated with a battery which has functions to-euteff control current in case
of overcharge, overcurrent, overdischarge, and overheating and which monitors and/or
manages the battery's state, calculates secondary data, reports that data and/or controls its
environment to influence the battery's safety, performance and/or service life

Note 1 to entry: Overdischarge cut-off is not mandatory if there is an agreement between the cell manufacturer and
the customer.

Note 2 to entry: The function of the BMS can be assigned to the battery pack or to equipment that uses the battery.
(See Figure 6.)

Note 3 to entry: The BMS can be divided and it can be found partially in the battery pack and partially on the
equipment that uses the battery. (See Figure 6.)

Note 4 to entry: The BMS is sometimes also referred to as a BMU (battery management unit)


https://iecnorm.com/api/?name=14fe4fae0e8b7cd1ef9c3e9dbc9ca1f3
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3.13

leakage
visible escape of liquid electrolyte

3.14

venting
release of excessive internal pressure from a cell, module, battery pack, or battery system in a
manner intended by design to preclude rupture or explosion

3.15

rupture

mech@nical Tailure of a cell container or battery case induced by an internal or external
result|ng in exposure or spillage but not ejection of materials

3.16

explosion

failurg that occurs when a cell container or battery case opens violently and| solid compd
are forcibly expelled

Note 1 [to entry: Liquid, gas, and smoke are-erupted excepted.

3.17

fire

emissfion of flames from a cell, module, battery pack, or battery system for more than 1 g

Note 1

3.18

rated
capagd
manu

Note 1

which 3
conditi

[SOU
defini

3.19

uppe
<of a
manu

3.20

to entry: Sparks and arcing are not considered as flames,

capacity
ity value of a cell or battery determined. under specified conditions and declared
facturer

to entry:  The rated capacity is the guantity of electricity C, Ah (ampere-hours) declared by the manuf

single cell or battery can deliver_during an n-hour period when charging, storing and discharging un|
ns specified in IEC 62620:2014,6:3.1.

RCE: IEC 60050-482:2004, 482-03-15, modified — Addition of the words "cell or"
ion and of Note 1 toventry.]

limit charging voltage
cell> highest charging voltage in the cell operating region specified by th
facturer

ause,

nents

by the

pcturer
der the

in the

v

e cell

lower

limit discharging voltage

<of a cell> lowest discharging voltage in the cell operating region specified by the cell
manufacturer

3.21

maximum charging current
<of a cell>-the-maximum highest charging current in the cell operating region specified by the

cellm

3.22

anufacturer

maximum discharging current
<of a cell> highest discharging current in the cell operating region specified by the cell
manufacturer
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thermal runaway
uncontrolled intensive increase in the temperature of a cell driven by exothermic reaction

4 P

arameter measurement tolerances

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

a) 20,5 % for voltage;

b) +1%—forcurrent;

c) +2°C for temperature;
d) +0,1 % for time;

e) 1% for mass;

f) %1% for dimensions.

Thesg tolerances comprise the combined accuracy of the meaSuring instruments

meas

The d

5 General safety considerations

5.1
The s

1) infended use;

2) re
Cells

It is €
Howe

Poten

a) fir

irement techniques used, and all other sources of error in thetest procedure.

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

General

Asonably foreseeable misuse:

xpected that.cells or-batteries battery systems subjected to misuse may fail to fun
ver, evenplif such a situation occurs, they shall not present any significant hazards.

tial hazards which are the subject of this document are:

, the

pfety of lithium secondary cells and-battefies battery systems requires the consideration
of twd sets of applied conditions:

and-batteries battery systems shall be designed and constructed so that they arg¢ safe
under| conditions of-beth intended use and reasonably foreseeable misuse. It may al
expedted that cells and-batteries battery systems subjected to intended use shall not o
safe Qut shall continuete be functional in all respects.

50 be
nly be

ction.

-~

b) burst/explosion,
c) ecritical-electrical-short-cireuit-due-to leakage of cell electrolyte,

d) venting—which—eontindously—vents—out flammable—gases with continuous emission of

flammable and/or toxic gas and/or smoke, |3

e) rupture of the casing of cell, module, battery pack,-and or battery system with exposure of
internal components.

Conformity with 5.1 a) and b)—te-5.6 is checked by the tests of Clause 6, Clause 7, and 8.2,
and in accordance with the appropriate standard (see Clause 2). Conformity with 5.1 c) to e)
and with 5.2 to 5.6 is checked by analysis of documents mentioned in 8.1.


The sentence has been modified to give a better description of venting.

https://iecnorm.com/api/?name=14fe4fae0e8b7cd1ef9c3e9dbc9ca1f3
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Moving parts that have potential to cause human injuries shall be applied using an appropriate
design and necessary measures to reduce the risk of injuries, including those injuries that may
be incurred during installation, while cells or battery systems are being incorporated into
equipment. |4

5.2 Insulation and wiring

Wiring and its insulation shall be sufficient to withstand the maximum anticipated voltage,
current, temperature, altitude and humidity requirements. The design of an internal wiring shall
be such that adequate clearances and creepage distances are maintained between conductors
and live parts at different voltages or between live parts and non-current-carrying accessible
parts..Hazardous live parts of the hanr\/ system shall be protected to avoid the risk of electric

shocks, including during installation. [§

The nmpechanical integrity of the whole battery system (cell/module/BMS) and their‘eonnegtions
shall be sufficient to accommodate conditions of reasonably foreseeable misuse.

5.3 [Venting

The dasing of a cell, module, battery pack, and battery system shall-incorporate a prgssure
relief function that will preclude rupture or explosion. If encapsulation is used to support cells
within| an outer case, the type of-eneapsulant encapsulating\material and the method of
encagsulation shall neither cause the battery system to overhedt during normal operation nor
inhibi{ pressure relief.

5.4 |Temperature/voltage/current management

The design of-batteries battery systems shall be such that abnormal temperature-rise conditions
are prevented. Battery systems shall be designed within voltage, current, and temperature| limits
specified by the cell manufacturer. Battery systems shall be provided with specifications and
chargjng instructions for equipment manufacturers so that associated chargers are designed to
maintgin charging within the voltage, current and temperature limits specified.

NOTE | Where anplicable means canbe provided to- limit current to-safe levels during charge-and-dischargel
NI W HEFEaPPHEARE,EeaRSEaRB e provHEGEe GO HRH-GUHEeRt+ e+ Ve S GUHRg-eatrge ahReaiSeRatrg

5.5 |Terminal contacts of the battery pack and/or battery system

Termipals shall have clear polarity marking(s) on the external surface of the battery pack or
batteny system.

NOTE | Exception:—Battery packs with keyed external connectors designed for connectijon to
specific end products need not be marked with polarity markings if the design of the external
conngctor prevents reverse polarity connections.

The gizé.and shape of the terminal contacts shall ensure that they can carry the maximum
anticipated current. Exiernal terminal coniact surfaces shall be formed from conductive
materials with good mechanical strength and corrosion resistance. Terminal contacts shall be
arranged so as to minimize the risk of short-circuits, for example to minimize the risk of short-
circuits by metal tools. Compliance is determined through a review of the terminal specifications.

5.6 Assembly of cells, modules, or battery packs into battery systems
5.6.1 General

The assembly of cells, modules or battery packs to constitute the battery system shall respect
the following rules to support adequate mitigation of risks as regard to the battery system:

e Each battery system shall have an independent control and protection method(s).

NOTE For the independent control and protection method(s), see 8.2.


The 1st edition of the standard did not address the cells and batteries incorporated in moving equipment.

It is important to emphasize the risk associated with live parts.
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e The cell manufacturer shall provide recommendations about current, voltage, temperature
limits and should provide mounting advice, storage conditions, maximum number of cells in
series (for cell internal protection such as a current interrupt device (CID)) [ 6 so that the
battery system manufacturer/designer may ensure proper design and assembly.

o Batteries Battery systems that are designed for the selective discharging of a portion of their
series connected cells shall incorporate separate circuitry to prevent the cell reversal

ca

used by uneven discharging.

e Protective circuit components should be added as appropriate and consideration given to
the end-device application.

5.6.2

The v
cell of
of the

—Battery systemdesign

bltage control function of the battery system design shall ensure that the voltage'o
cell block shall not exceed the upper limit charging voltage specified by the manufa

each
cturer

cells, except in the case where-the-stationary-application-devices-ormetiveapplication

devicps-provide—an-equivalent the end-devices provide the voltage control function. In quch a

case,|the end-devices are considered as part of the battery system. Refer te’ Note 2 and Note
3in 3}12.
The fgllowing should be considered at the battery system level and by-the battery manufagturer

disch
disch

5.7

The c
shall
cell o

5.8

The b
cells
shall

arging current of the cell are not exceedéd before the maximum allowed charg
arging current of the battery is reached ¥

Operating region of lithium cells and battery systems for safe use

b1l manufacturer shall specify-the cell operating region. The battery system manufacturer

Hesign the battery system~to comply with the cell operating region. Determination
perating region is-explataéd in accordance with Annex A.

System lock (of §ystem lock function)

attery systeminshall have a non-resettable function to stop operation when one or|

of the

more

n the battery system deviates from the operating region during operation. This f¢ature

hot be user resettable or allow for automatic reset.

n€tioh of the battery system may be returned after checklng that the status of the b

maintenance manual shall clearly set out this procedure

attery
ystem

Depending on the application, a battery system may allow a final discharge, for example to
provide emergency functions. In this case, cell limits (e.g. lower limit discharge voltage or upper
temperature limit) may deviate once within the range where the cell does not cause dangerous
reactions. Therefore, the cell manufacturer shall provide the second set of limits in which the
cell in the battery system may accept one discharge without dangerous reactions. The cell
should not be further recharged after this last discharge. |8

5.9

Quality plan

The battery system manufacturer shall prepare and implement a quality plan that defines
procedures for the inspection of materials, components, cells, modules, battery packs, and
battery systems and which covers the whole process of producing each type of cell, module,


The addition to the sentence gives requirements that the cell manufacturer should provide to the battery system manufacturer/designer in order to have an adequate mitigation of the risks related to the battery system.

New text provides a clarification of the monitoring of the charging or discharging current for safety reasons.

Subclause 5.8 provides an important addition concerning a system lock function very important for safety reasons (avoid dangerous reactions).
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battery pack, and battery system (e.g. ISO 9001, etc.). Manufacturers should understand their
process capabilities and should institute the necessary process controls in relation to product

safety

6 Type test conditions

6.1

General

A cell in the battery system that is used outside of its operating region may exhibit hazards
resulting from the cells or-batteries battery systems. Such risks-have-te shall be taken into

consi

eration in order to prepare a safe test plan.

The t

bst facility should have sufficient structural integrity and a fire suppressiontsyst

em to

sustain the conditions of overpressure and fire that may occur as a result of testing..The flacility

shoul
the te

i have a ventilation system to remove and capture gas which might be produced
5ts. Consideration should be given to high voltage hazards when appli¢able.

juring

Warni

hg: THESE TESTS USE PROCEDURES WHICH MAY RESULT IN HARM IFCADEQUATE PRECAU
ARE NOT TAKEN. TESTS SHOULD ONLY BE PERFORMED BY QUALIFIED AND EXPERI
TECHNICIANS USING ADEQUATE PROTECTION. TO PREVENT BURNS, CAUTION SHOU
TAKEN FOR THOSE CELLS OR-BATTERIES BATTERY SYSTEMS WHOSE CASINGS MAY E
75 °C AS A RESULT OF TESTING.

TIONS
ENCED
LD BE
KCEED

6.2

Tests
cells ¢

specified by the cell or battery system manufacturer.

Cells

deliver the rated capacity or more aec¢ording to IEC 62620:2014, 6.3.1 when they are disch

at 25

Test items

are made with the number of cells or-batteries battery systems specified in Table 1,
r-batteries battery systems that are storg@d’for not more than six months, under cond

br-batteries battery systems charged in accordance with the method specified in 7.1

'C = 5 °C, at a constant current of 0,2 I; A according to IEC 62620:2014, 6.3.1, dow

using
itions

shall
arged
ntoa

specii]ied final voltage. This gapacity confirmation may be done during the cell manufacturer

shipp
basis

inspe
Unles

NOTE
conditi
system

ng inspection. In the .case of a battery system, the capacity may be calculated g
of the cell capacitytméeasurements as measured during the cell manufacturer sh
Ction.

5 otherwisgsspecified, tests are carried out in an ambient temperature of 25 °C £ 5

Test conditions are for type tests only and do not imply that intended use includes operation unde
ns. Similarly, the limit of six months is introduced for consistency and does not imply that cell and
safety’is reduced after six months.

n the
pping
°C.

I these
battery
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Table 1 — Sample size for type tests

2022

Test items Test unit
Cell Battery system
Category Test (see a) (see b and e)
7.2.1 External short-circuit test R -
7.2.2 Impact test R (see ¢) -
7.2.3 Drop test R R
7.2.4 Thermal abuse test R -
Product safety test
(safetyof cell and 7.2.5 Overcharge test R (see d) -
battery system) 7.2.6 Forced discharge test R -
7.3 Considerations | 7.3.2 Internal short- R* -
for internal short- circuit test
circuit (select one -
of the two options) | 7-3.3 Propagation - R
test
I 8.2.2 Overcharge control of voltage -
Funcfional safety test
(safety of battery 8.2.3 Overcharge control of current -
system) ;
8.2.4 Overheating control -

"R" =|required (minimum of 1)

"R*" 4 required. As for the sample number, refer totEC-62133:2042,-8-3-9-|EC 62133-2:2017, 7.3.9.

"-" =Junnecessary or not applicable

a THe manufacturer can use "cell block(s)" instead of "cell(s)"\for any test that specifies "cell(s)" as the te$t unit
in|this document. The manufacturer clearly declares the test unit for each test.

b If p battery system is divided into smaller units, the unit'can be tested as representative of the battery system.
The manufacturer can add functions which are presént in the final battery system to the tested uni{. The
manufacturer clearly declares the tested unit.

¢ Cylindrical cell or cell block: 1 direction, prismatic cell (including cell with laminate film case) or cell blpck: 2
difections.

d THe testis performed with the cells or¢kl) blocks in those battery systems that are provided with only a pingle
cqntrol or protection for charging vaeltage control.

e |Ifthe positive and negative termihals of a battery are not accessible, the manufacturer is allowed to rhodify
the sample(s) to make the terminals available, for example, in accordance with 7.2.1. The modificatior] shall
bgq done in a way which makés it unlikely that the test result is influenced.

7 Specific requirements and tests

71 Charging procedures for test purposes

Prior o charging, the cell or battery system shall be discharged in an ambient temperature of
25 °CE5*Cataconstantcurrent of 0,27 A, down to @ specified fimatvoitage:

Unless otherwise stated in this document, cells or-batteries battery systems shall be charged
in an ambient temperature of 25 °C + 5 °C, using the method specified by the manufacturer.

NOTE 1 Charging and discharging currents for the tests are based on the value of the rated capacity (C,, Ah)

current

s are expressed as a multiple of /; A, where: [, A = C_ Ah/1 h (see |IEC 61434).

. These

NOTE 2 The battery system which cannot be discharged at a constant current of 0,2 7, A can be discharged at the

current

specified by the manufacturer.
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7.2

7.2

a)

b)

c)

7.2

a)

b)

c)

.2 Impact test (cell or cell block)

Reasonably foreseeable misuse

A External short-circuit test (cell or cell block)

Requirements
Short-circuit between the positive and negative terminals shall not cause fire or explo
Test

sion.

Fully charged cells are stored in an ambient temperature of 25 °C + 5 °C. Each cell is then

short-circuited by connecting the positive and negative terminals with a total ex
resistance of 30 mQ + 10 mQ.

80 9

d O N0 )
maximum temperature rise, whichever is the soone

Adceptance criteria
N fire, no explosion.

Requirements

An impact to the cell as mentioned in 7.2.2 b) shall not cause fire or'explosion.
Tgst

THe cell or cell block shall be discharged at a constant, current of 0,2 /; A, to 50 %
capacity of the rated capacity.

THe cell or cell block is placed on a flat concrete of ' metal floor. A type 316 stainlesg
bar with a diameter of 15,8 mm £ 0,1 mm and ‘at least 60 mm in length or the Ig
dimension of the cell, whichever is greater, is.placed across the centre of the cell
blpck. A 9,1 kg rigid mass is then dropped from a height of 610 mm £ 25 mm onto tf
placed on the sample.

A pylindrical or prismatic cell is to be impacted with its longitudinal axis parallel to t
concrete or metal floor and perpendicular to the longitudinal axis of the 15,8 mm di
curved surface lying across the centre of the test sample. A prismatic cell is also

ternal

of the

-SOC

steel
ngest
br cell
e bar

e flat
meter
to be

rofated 90 degrees around its longitudinal axis so that both the wide and narrow sidg¢s will

bg subjected to the impact. Each sample is to be subjected to only a single impad
sejparate samples to be uséd-for each impact (see Figure 1).

NgTE—In the case of g metal floor, external short circuit of the cell or-battery cell bloc]
the floor should be avoided by appropriate measures.

Pquch cells are tésted as prismatic cells.
Adceptance criteria
No fire, na explosion.

t with

k with
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Load Load
9,1 kg 9,1k
Load o1 ,
9,1 kg , /
Bar Bar
Bar
/ Longitudinal
- \ 1 axis
Cytimaricat - - \
Prismatic cell
cell / IEC Prismatic cell IEC
a) Cylindrical cell b) Direction 1 of c) Direction 2-of
prismatic cell prismatic cell
Load
9,1 kg
Load Load
9.1 kg ) 9,1 kg
Bar /
Bar /
- Bar
o 1 / A Longitdidinal
_ — = . axgs

IEC IEC

IEC

1) Several cylindrical
cells

e) Direction 1 of
several prismatic cells

f) Direction 2 of
several prismatic cells

NOTE | The cell or cell block can.be supported by some material which has no influence on the test to mainfain the

positiof.

7.2.3 Drop. test (cell or cell block, and battery system)

7.2.31 General

Figure 1 — Configuration of the impact test

The drop test is conducted on a cell or cell block, and battery system. The test method and the
height of the drop are determined by the test unit weight as shown in Table 2.
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Table 2 — Drop test method and condition

Mass of the test unit Test method Height of drop
Less than 7 kg Whole 1000 mm
7 kg or more, less than 20 kg Whole 2 100 mm
20 kg or more, less than 50 kg Edge and corner @) 100 mm
50 kg or more, less than 100 kg Edge and corner @) 50 mm
100 kg or more Edge and corner @) 25 mm

NOTE—If the battery system is divided into smaller units, the unit can be tested as the representative of the
battery sysiem. The manufacturer can add funcfions which are present in the final battery system to the {ested
unit. The manufacturer clearly declares the tested unit.

a)

Fqr test objects with a mass of 7 kg or more, the test shall be conducted with the bottom specified by the
mpanufacturer facing downward.

7.2.3p Whole drop test (cell or cell block, and battery system)

This test is applied when the mass of the test unit is less than 20 kg.

a)

b)

c)

7.2.38 Edgeyand corner drop test (cell or cell block, and battery system)

This tpst is.applied when the mass of the test unit is 20 kg or more.

a)

b)

Requirements
Dnopping the test unit shall not cause fire or explosion.
Tgst

Egqch fully charged test unit is dropped three timés from a height shown in Table 2 ¢nto a
flat concrete or metal floor.

If the mass of the test unit is less than 7 kg,the test unit is dropped so as to obtain impacts
inrandom orientations. If the mass of the{test unit is 7 kg or more but less than 20 kg, the
test shall be performed with the test unit dropped in the bottom down direction. The bottom
surface of the test unit is specified by/the manufacturer.

After the test, the test units shalkbe put on rest for a minimum of 1 h, and then a pisual
ingpection shall be performed.

NgTE-If the floor of the testiroom is metal, external short circuit of cell or cell block, and
battery system with the floor should be avoided by appropriate measures.

Adceptance criteria
N fire, no explosion’

Requirements

Dropping the test unit shall not cause fire or explosion.
Test

Eaeh A fully charged test unit is dropped two times from a height shown in Table 2 onto a
flat concrete or metal floor. The drop test conditions shall-assure ensure, with test
arrangements as shown in Figure 2, Figure 3 and Figure 4, reproducible impact points for
the shortest edge drop impact and the corner impacted. The two impacts, per impact type,
shall be on the same corner and on the same shortest edge. For the corner and edge drops,
the test unit shall be oriented in such a way that a straight line drawn through the
corner/edge to be struck and the test unit geometric centre is approximately perpendicular
to the impact surface. After the test, the test unit shall be put on rest for a minimum of 1 h,
and then a visual inspection shall be performed.

NoTE-If the floor of the test room is metal, external short circuit of cell or cell block, and
battery system with the floor should be avoided by appropriate measures.
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c) Acceptance criteria
No fire, no explosion.

Shortest edge
impact point (]

Corner
J impact point

1=

Figure 2 — Impact location

7,
Release
Eye bolt
Test unit
|/ Drop height
JAN )~
7R A
Impact edge
(Side-view) IEC

'y Drop height

112 112 =8
- S > |
T Triangular

1 support
S Test unit

}{ . . Impact corner
N /
Y

(Top view)

IEC

Smallef units can be dropped from a hand-held position. If a lifting-release device is used, it should not, on r

Figure 3 — Configuration for the shortest edge drop test

Please,

. - L i s o e
|mpart rotattomrat-or-sideward-forcesto-threumit:

Figure 4 — Configuration for the corner drop test

7.2.4 Thermal abuse test (cell or cell block)
a) Requirements

An elevated temperature exposure shall not cause fire or explosion.
b) Test

Each fully charged cell, stabilized in an ambient temperature of 25 °C £ 5 °C, is placed in a

gravity or circulating air-convection oven.

The oven temperature is raised at a rate of 5°C/ mint2 °C /min to a temperature

of 856 °C £ 5 °C.

The cell remains at this temperature for 3 h before the test is discontinued.
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c)

Acceptance criteria
No fire, no explosion.

7.2.5 Overcharge test (cell or cell block)

This test shall be performed for those battery systems that are provided with only a single
control or protection for the charging voltage control. For those battery systems provided with
two or more independent protection(s) or control(s) for the charging voltage control, this test
may be waived.

NOTE An example of the two or more independent protection(s) or control(s) is as follows:

c)

7.2.6 Forced discharge test (cell or cell block)

a)

a rheasurement device fo monitor each cell voltage in a batiery system with a function to confrol the,charging
cufrent to prevent the highest cell voltage from exceeding the upper limit charging voltage;

ang

a diagnostic monitoring system that detects the failure of the cell voltage monitoring device)and funcfions to
terminate the charging. For example, a diagnostic monitoring system can be realized by.comparing the total
baftery system voltage measured directly and the voltage calculated by summing up each"cell voltage.

Requirements

Charging for longer periods than specified by the cell manufacturgr’shall not cause fire or
explosion.

Tdst

THe test shall be carried out in an ambient temperature 0f.25 °C £ 5 °C. Each test cel| shall
bg discharged at a constant current of 0,2 I; AAo~a final voltage specified by the

manufacturer. Sample cells shall then be charged with a constant current equal {o the
maximum specified charging current of the battety system until the voltage reachgs the
maximum voltage value that is possible under the condition where the original charging
cantrol of the battery system does not work., Then, the charging is terminated. The vepltage
and temperature should be monitored duringthe test.

Regarding the battery system with singfe cells connected in parallel, a cell charging cprrent
value, calculated by dividing the maXmum charging current of the battery system By the
nymber of parallel cells, is applied. 9

NQTE "The maximum charging curfent of the battery system" described in this Subclause 7.2.5 b) is dffferent
from the maximum charging curregof the single cell defined in 3.21.

THe test shall be continued until the temperature of the cell surface reaches steady] state
conditions (less than.10 °C change in a 30-min period) or returns to ambient temperagure.

Adceptance criteria

Nao fire, no explosion.

Requirements

A celiin a-multi-cell-application battery system shall withstand a forced discharge without
causing fire or explosion.

Test
The test shall be carried out in an ambient temperature of 25 °C £ 5 °C. Each test cell shall
be discharged at a constant current of 0,2 /; A to a final voltage specified by the

manufacturer. 10 A discharged cell is subjected to a forced discharge at a constant current
of 1,0 I, A for a test period of 90 min. At the end of the test period, a visual inspection shall

be performed.

If the voltage in discharge reaches the target voltage shown below within the test period,
the voltage shall be kept at the target voltage by reducing the current for the remaining test
period. The target voltage is determined as follows:

i) If the battery system is provided with two or more independent protection(s) or control(s)
for discharging voltage control or the battery system has only a single cell or cell block:

Target voltage is minus the value of the upper limit charging voltage of the cell.


New text provides clarification on the way the cell charging current is calculated when single cells are connected in parallel.

Additional test conditions are given.
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i) If the battery system is provided with only a single or no protection or control for the
discharging voltage control:

Target voltage=—fuppertimitcharging-voltage-ofthecellx{(»-1H} is minus the value of
(n—1) multiplied by the upper limit charging voltage of the cell,

where n is the number of cells connected in series in the battery system.

If the maximum discharging current of the cell is less than 1,0 /; A, perform a reverse
charging at the current for the test period shown below:

A
IIII

t= x 90

where
t | is the test period (min);
is the maximum discharging current of the cell (A).

NQTE An example of the two or more independent protection(s) or control(s) is aspollows:

e | a measurement device to monitor each cell voltage in a battery system, and’a function to terminpte the
discharging process when at least one of the cell voltages reaches thelcut’off voltage or the lower limit
discharging voltage;

and

¢ | a diagnostic monitoring system which detects the failure of the cell*voltage monitoring device and fuhctions
to open the discharge circuit. For example, a diagnostic mafitoring system can be realized by comparing
the total battery system voltage measured directly and thé\voltage calculated by summing up edch cell
voltage.

Adceptance criteria

No fire, no explosion.

Considerations for internal short-circuit — Design evaluation

The purpose of the test is to detefmine that an internal short-circuit within a cell will not|result
in fire|of the entire battery system or fire propagating outside the battery system. This sHall be
demopstrated either at the celllevel according to 7.3.2 internal short-circuit test or at the battery

system level according toy/.3.3 propagation test.

7.3.2 Internal short-circuit test (cell)

a) Requirement

A forced internal short-circuit test for cylindrical cells and prismatic cells shall not cause fire.
CeH-manufacturersshall-keep-arecord-to-meettherequirements: An-new-design evalyiation
offachewly designed cell shall be-dene-by-thecell-manufactureraftertestingis conducted

byLthe cell manufacturer or a third-party test house

Test

forced internal short-circuit test is performed in a chamber according to the following
procedure. All the tests are carried out in an ambient temperature of 25 °C £ 5 °C.

1) Charging procedure
Prior to charging, the cell shall be discharged at a constant current of 0,2 /; A, down to
a specified final voltage.

Then, the cell shall be charged at the upper limited charging voltage at the constant
current specified by the manufacturer, continue charging at constant voltage at upper
limited charge current drops to 0,05 7; A.
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2)

Pressing the winding core with the nickel particle

A temperature-controlled chamber and special press equipment are needed for the test.

The moving part of the press equipment shall be able to move at constant speed and to
be stopped immediately when an internal short-circuit is detected.

i) Preparation for the test

The temperature of the chamber is controlled at 25 °C £ 5 °C. Refer to the sample
preparation guidance in Clause A.5 and Clause A.6 of IEC 62133-2:2017. Put the
aluminium laminated bag with the winding core and nickel particle into the
chamber for 45 min £ 15 min.

Remaove the \A/inding core from the sealed pnr‘kngn and attach the terminals for

ii) Internal short-circuit

The bottom surface of the moving part of the press e \lgéent (i.e. pressing jig) is|made
of nitrile rubber or acrylic resin, which is put on theE1(Dnm x 10 mm stainless steel[shaft.

voltage measurement and the thermocouple(s) for temperature measurement on
the surface of the winding core. Set the winding core under th rgssure
equipment making sure to locate the point of placement of the n@ | pgrticle
under the pressing jig.

To prevent evaporation of electrolyte, finish the work within 1(}@1 from removing
the winding core from the chamber for temperature cond@ ing to closing the
chamber door where the equipment is located. N

Remove the insulating sheet and close the chamber quw

Details of the pressing jigs are shown in Figur The nitrile rubber bottom surface is
for a cylindrical cell test. For a prismatic cell teSty™d mm x 5 mm (2 mm thickness) acrylic
resin is put on the nitrile rubber. \\
N AR
Q) Dimensions in millinpetres

NS
Cylindrical - O 10 Nitrile rubber

NS

O
3

Dimensions in millinpetres

@ Hard :ABO
C)O (ISOa7r61n:-s1$: Type A)

IEC

Nitrile rubber
-« (=2)
Prismatic

Acrylic resin (5 x 5, 1= 2)

% layers of polimide
tape to the coil

Figure 5 — Jig for pressing

IEC
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The fixture is moved down at a speed of 0,1 mm/s monitoring the cell voltage. When a
voltage drop caused by the internal short-circuit is detected, stop the descent immediately
and keep the pressing jig in the position for 30 s, and then release the pressure. The voltage
is monitored at a rate of more than 100 times per second. If the voltage drops more than
50 mV compared the initial voltage, an internal short-circuit has been determined to have
occurred. If the force of the press reaches 800 N for a cylindrical cell or 400 N for a prismatic
cell before the 50 mV voltage drop, stop the descent immediately.

In the case of a prismatic cell with either a stacking type or folding type electrode element,
the nickel particle should be inserted at the centre of the outer end positive and negative
electrode pair, and the maximum pressing pressure is 400 N. 11

The sample preparatron procedure may be changed from the procedure outIrned in

prseedure—aeeerd—uw%—%ﬂ—z 7 3 2 2)i), |t may be performed before the

chiarging. For example:

— | the nickel particle may be inserted into a discharged electrode element and then
charged, or

— | the nickel particle may be inserted into the electrode element before electrolytelfilling
and then it may be assembled, filled with electrolyte and charged:In these assenjblies,
a polyethylene bag and/or an aluminium-laminated bag can be used instead of the|metal
case for the actual cell.

Tq judge that an internal short between the positive/and negative electrodes or subjstrate
hgs occurred, it is acceptable to use a voltage drop of less than 50 mV if a high acdquracy
voltage meter with enough accuracy to detectithe voltage drop is used, and the actual short-
cifjcuit location can be confirmed with an ingpection of the internal short-circuit location on
the sample after the test.

THe applied pressure and the voltage:behaviour shall be recorded, and the appearafce of
the short-circuit location shall be recerded by photograph or other means.

Adceptance criteria

No fire;-ro-explosion.

Requirement

THis test evaluatesithe ability of a battery system to withstand a single cell thermal runaway
event so that athermal runaway event does not result in the battery system fire.

Tdst

THe battery system is fully charged and then left until the cells stabilize in an ambient
temperature of 25 °C £ 5 °C. One cell in the battery system (hereafter target cell) is e.g.
h ated by laser until the cell enters into thermal runawav#er—e*amefe—usme—FeSﬁ%Ne

the—test—repert— After thermal runaway in the ceII is |n|t|ated the—heater tr|gger|ng source is
turned off and battery system is observed for-4 8 h. See Annex B for an example test
procedure by laser.

Other methods than-the-examples-noted-above the laser to initiate thermal runaway in one
cell are allowed. See Annex C.

The battery system may be modified to facilitate the thermal runaway of the target cell. The
modification should be minimized and it shall not affect the thermal properties of the battery
system. 12

The method used to initiate a thermal runaway in the target cell shall be described in the
test report.


The description of the forced internal short-circuit test for cylindrical cells and prismatic cells is described with a lot of precision as it is a major test which is not easily performed. This is an important test for the safety of the use of the cells.

It is very important to insure that the thermal runaway of one cell does not have any effect on the entire battery system. This to insure the safety of the battery system.
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c) Acceptance criteria
No external fire from the battery system-er, no battery system case rupture.

If the battery system has no outer covering, the manufacturer shall specify the area for fire
protection.

NOTE Fire or battery system case rupture caused by the-first target cell is acceptable because the first thermal
runaway is intentionally made for the test purpose as a trigger.

8 Battery system safety (considering functional safety)

8.1 General requirements

Reliamce on electric, electronic and software controls and battery systems for critical safety
shall be subjected to analysis for functional safety.

IEC 6[1508 (all parts), Annex H of IEC 60730-1:20432020, I1SO 13849 (all parts) or|other
suitable functional safety standard for the application may be used as references.

A profess hazard analysis shall be made for the cell manufacturing” process as well as the
batterny system manufacturing process, which shall be under contto) with evidence documgnted.
The npanufacturer should have a way to control the manufacturing process with respect Jto the
safety hazards of the process.

NOTE | The hazard analysis of production processes refers to production faults, which effect the safety of thg cell or
the battery (e.g. anode-cathode alignment, damaged cells, faulty{connections, safety relevant deviations flom the
battery|characteristics and its specified construction).

A-pregess-hazard; The risk assessment and mitigation of hazards for the battery system design
shall be done by the battery system manufacturers (e.g. FTA, FMEA). This process sho{ld be
done [in coordination with the end-use eQuipment manufacturer in order to fully covegr the
spectfum of risks. 43

NOTE | Guidance on safety analysis methods’such as FMEA and FTA can be found in such documents as IEC(60812,
IEC 6125, etc.

The procedure is as follows:

a) hgzard analysis;
b) rigk assessment;
c) safety leveldarget (e.g. safety integrity level (SIL) target.

NOTE | The chassification or level can also be according to the applied functional safety standard such as Clags (e.g.
class B or Q) according to IEC 60730-1.

Exambles of hazards or risks are as follows. EMC _electric shock,—hot spots—at elebtrical

interfaces, moving parts, water immersion, external short-circuit, internal short-circuit,
overcharge, overheating, drop, crush, overdischarge, discharge with overcurrent, charging after
an overdischarge, electrolyte leakage, ignition of emission gas, fire, earthquake, seismic sea
wave, etc.

8.2 Battery management system (or battery management unit)
8.2.1 Requirements for the BMS

The BMS evaluates the condition of cells and-batteries battery systems, and it maintains cells
and-batteries battery systems within the specified cell operating region. The BMS shall be
designed according to the safety integrity level (SIL) target defined in 8.1 c). Key factors of the
cell operating region are voltage, temperature and current (see Figure A.1).



FMEA (Failure Mode and Effect Analysis) or FTA (Fault Tree Analysis) are very powerful tools to evaluate the risks associated with products.
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To evaluate the charge control that affects safety, the battery system manufacturers shall
perform the tests mentioned in 8.2.2 to 8.2.4.

For these tests, the battery system includes the BMS function in the application side as well, if
applicable to the design.

NOTE 1 The function of the BMS can be assigned to the battery pack or to the equipment that uses the battery
system. See Figure 6.

NOTE 2 The BMS can be divided and it can be found partially in the battery pack and partially on the equipment
that uses the battery system. See Figure 6.

4 B - } £ — IS TR ATy . I
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Equipment

Equipment

Battery system

Battery system

Battery pack
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I
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L
|
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|
|
|
|
T
|
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I
I
|
I
|
|
I
|
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i Module(s) ! Module(s)
I
I
! Cell(s) : Cell(s)
! |
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! | o o o
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a) All functions of BMS are:in b) BMS functions are divided between
the battery pack battery pack and equipment side
Equi t
Equipment quipmen
Battery system Battery system
I | | :
| BMS ! | BMS !
: | : :
[ | 1 1
. : 1 1
I | ' '
X Module(s) ! : :
| | | |
»
' Cellis) I : [ cens) | :
! | .1
U C______ |
IEC IEC
c) Combination of equipment with d) Equipment includes all BMS functions
BMS and module(s) and cell(s)

Figure 6 — Examples of BMS locations and battery system configurations

8.2.2 Overcharge control of voltage (battery system)
a) Requirement

The BMS shall control the cell voltage during charging-veltage below the upper limit charging
voltage of the cells.
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b) Test

The test shall be carried out in an ambient temperature of 25 °C + 5 °C and under normal
operating conditions with the cooling system (if any) operating (main contactors are closed
with the battery system controlled by the BMS). Each test battery system shall be discharged
at a constant current of 0,2 ; A, to a final voltage specified by the manufacturer. Sample

batteries battery systems shall then be charged at the maximum current of the
recommended charger with set voltage exceeding the upper limit charging voltage by 10 %
for each cell in the battery.

c)

The-exceeded excess voltage can be applied by an additional charger if it is difficult to do
so by the original charger. Also the-exceeded excess voltage can be applied to only a part

of

the system such as the cell(s) in the battery system if it is difficult to do so usi

g the

wh

TH
bsg
be

SY|
If
fo

ole battery system. See Figure 7.

e test shall be carried out until the BMS terminates the charging:—which-shéuld-

i S b i . Data acquisition/monitoring
continued for 1 h after charging is stopped. During the test, all functions '6f the b
stem shall be fully operational, as designed.

he BMS fails to terminate the charging, the test should be stoppgd/at the proper
safety reasons, for example when the cell voltage reaches 183'% of the uppe

chlarging voltage or 1 min after having exceeded the upper limitccharging voltage, etc

Ad

B
e

ceptance criteria

plosion.

S terminates charging before exceeding the upper limit"charging voltage. No fif

loccur
shall
attery

iming
r limit

MS chall interrunt the overcharai
Vro—SHah—HHReHdpt—e—overenarg

The BMS termination of the charging current cai/be achieved by contactors, relays, field effect trg
Circuit breakers, electromagnetic switches, etc. xR main circuit.

nsistor
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Charger

Set the upper limit
charging voltage

Charger I

Set voltage exceeding the upper limit
charging voltage by 10 % for each

cell
) =1 oY
1 1 — Cell ({,ij
BMS Q.
] Voltage Voltage
monitoring monitoring
< |
O%t---—,J)---
= Cell Cell Set voltage éxeeeding the upper
limit charging voltage by 10 % for
a cell
Voltage Voltage
monitoring monitoring .
Additional charger
IEC IEC
B) The exceeded voltage is applied to a b) The exceeded voltage is applied only tp
whole battery system a part such as a cell in the battery system

Fijgure 7 — Example of the circuit configuration for overcharge control of voltage

Requirement

ease-the-input-current-to-the-cellsand-batteries If the charging current of the cells|in the

bdttery system exceeds the maximum charging current of the cells, the BMS shall interrupt
the charging toprotect the battery system from hazards related to charging currents above
the specifiedsmaximum charging current of the cells.

NgTE—If the) maximum ability of charging current of the upper system is lower thgn the
maximumcharging current for the battery system, this test-ean may be waived.

Tdst

The test shall be carried out in an ambient temperature of 25 °C + 5 °C and under normal
operating conditions with the cooling system (if any) operating (main contactors closed with
the battery system being controlled by the BMS).-Each-test The battery system shall be
discharged at a constant current of 0,2 /; A, to a final voltage specified by the manufacturer.

Sample-batteries battery systems shall then be charged at a current exceeding the maximum
charging current by 20 %. Data acquisition and/or monitoring shall be continued for 1 h after
charging is stopped. During the test, all functions of the battery system shall be fully
operational as designed.

Acceptance criteria
The BMS shall detect the overcharging current and shall control the charging below the

maximum charging current-in—orderto—protect-the battery systemagainst furtherrelated
severe-effects.

No fire, no explosion.
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8.2.4 Overheating control (battery system)
a) Requirement

The BMS shall terminate charging when the temperature of the cells-andfer in the battery
system exceeds the upper limit that is specified by the cell manufacturer.

b) Test

The test shall be carried out at an initial ambient temperature of 25 °C + 5 °C and under
normal operating conditions (main contactors are closed with battery system being
controlled by the BMS) with the exception that the cooling system, if provided, shall be
disconnected. Each test battery system shall be discharged at a constant current of 0,2 1; A

to a final voltage specified by the manufacturer. Sample-batteries battery systems shall then
bg charged at the recommended current to a 50 %-state—ef-charge capacity of thelrated
capacity. The temperature of the battery system shall be increased to 5 °C._aboye the
ximum operating temperature. The charging is continued at the elevated(tempefature
until the BMS terminates the charging. Data acquisition/monitoring shall bé€)continugd for
onle hour after the sequence is stopped (e.g. the BMS has terminated charging).

c) Adceptance criteria

THe BMS shall detect the overheat temperature and shall terminate' charging-in—erflertoe
prptect-the battery—system—against-furtherrelated-—severe—effects. During the tegt, all
fupctions of the battery system shall be fully operational as designed.

No fire, no explosion.
9 EMC

The Battery system shall fulfii EMC requiremenis, of the end-device application suth as
statiopary, traction, railway, etc. or the specific réquirements agreed between the end-device
manufacturer and the battery system manufagturer. The EMC test may be conducted ¢n the
end-device, if feasible. 14

10 Information for safety

The use, and particularly abusg{of secondary lithium cells and-batteries battery systemg may
result|in the creation of hazards and may cause harm. The cell manufacturer shall provide
information about current, voltage and temperature limits of their products. The battery siystem
manufacturer shall provide‘information to equipment manufacturers regarding how to mitigate
hazarfds and, in the case/of direct sales, to end-users. For example, if the battery system heeds
the end device to provide protection devices and/or controls, the end device manufacturef shall
provide details 0f3these protection devices that need to be provided in the installation
inforn at|on forihe battery system 15%%%%&%%%%%4%
dndary
Wweﬂs-aa&battene& Itis the respon5|b|I|ty of the end—dewce manufacturer to inform end-
users|afdthe potential hazards arising from the use of the end-device containing the gl‘attery
systerms:

11 Marking and designation

Refer to Clause 5 of IEC 62620:2014.

12 Packaging and transport

Refer to Annex D.



New Clause 9 on electromagnetic compatibility is added as it is more and more required by end-users.

An example of a very important safety requirement is provided.
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Annex A
(normative)

Operating region of cells for safe use

A.1 General

This annex explains how to determine the operating region of the cell to ensure the safe use of
the cell. This region is given to ensure the safe use of the cell and is defined as the operating
region. The operating region is specified by the charging conditions such as the upper limit of
charg|ng voltage and cell temperature, which ensure the safety of cells.

The ¢ell manufacturers should stipulate the information on the operating region in the
specification of cell in the safety precautions for the attention of the customers’ such as the
manufacturers of battery packs and systems. A suitable protection device and, function ghould
also He provided in the-battery-control-system BMS for possible failure of-the‘charging cqntrol.

The limits of the operating region are specified for minimum safety, @nd are different from the
chargjng voltage and temperature to optimize the performance of.the’ cell such as cycle l|fe.

A.2 [Charging conditions for safe use

In order to ensure the safe use of cells, the cell manufacturers should set the upper limit |of the
voltage and the temperature of cell to be applied during charging. The cell should be chlarged
within|a predefined temperature range (standard temperature range) at a voltage not excgeding
the upper limit. The cell manufacturer may also,set a temperature range higher or lowef than
the standard temperature range, provided that the safety measures, such as lowered charging
voltage, are taken. The operating region means such range of voltage and temperature where
the cell can be used safely. The maximum charging current may also be set for the opefrating
region.

The slame operating region can@pply to a newly developed cell, if it has the same ele¢trode
materjal, thickness, design, and‘separator as the original cell, and less than 120 % of the|rated
capadity of the original cell: . The new cell that meets these criteria can be considered as the
same|product series celk

A.3 [Considerations on charging voltage

The charging:oltage is applied to cells so as to promote the chemical reaction during charging.
Howe
occur
charg y .
charging voltage). When a cell is charged at a higher voltage than the upper limit charging
voltage, an 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 more easily occur than it does for cells charged in
the predefined operating region. Consequently, the cells-sheuld shall never be charged at a
higher voltage than the upper limit charging voltage.

The upper limit charging voltage should be set by the cell manufacturer based on the verification
tests, 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 ions into the negative electrode active
material when the cell is charged at the upper limit charging voltage;
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— test results which verify that the cells charged at the upper limit charging voltage are tested
by the safety test in Clause 6 at the upper limit of the standard temperature range, and the

acceptance criteria of each test are met.
A.4 Considerations on temperature

Charging produces a chemical reaction and is affected by temperature. The amount o
reactions or the condition of the reaction products during charging is dependent on temper

f side
ature.

Charging in low or high temperature ranges is considered to cause more side reactions, and is

of a higher level of severity from a safety viewpoint, than in the standard temperature

range

where the upper limit charging voltage is safely applicable. Consequently, the charging voltage

and/of the charging current should be reduced from the upper limit charging voltage and
maximpum charging current in both the low temperature range and the high temperature-r

A.5 |High temperature range

When|a cell is charged at a higher temperature than the standard temperature range, the
perfoimance of the cell tends to decrease due to lower stability of the crystalline structure
in thelhigh temperature range, the thermal runaway tends to occur-by-telatively even with
chandes in temperature.

As a result, the charging of cells in the high temperature range should be controlled as fo

— when the surface temperature of the cell is within the\high temperature range specif
the cell manufacturer, specific charging conditiensy such as lower charging voltag
current, are applied;

— when the surface temperature of cell is higherthan the upper limit of the high tempe
range, the cell should never be charged uader any charging current.

A.6 [Low temperature range

When|a cell is charged in the low.temperature range, the mass transfer rate decreases a
lithium ion insertion rate into thenegative material becomes low. Consequently, metallic |
is easy to deposit on the-carbop negative electrode surface. In this condition, the cell beg
thermplly unstable and liable to become overheated and to cause the thermal runaway.
in thg low temperatureSrange, the acceptance of lithium ions is highly dependent o
tempgrature. In a lithium' battery system that consists of multi-cells in a series connectio
lithium ion acceptability of each cell differs depending on the cell temperature, which re
the sqfety of battery system.

As a 1esu|t, the charging of cells in the low temperature range should be controlled as fo

— whenvthe surface temperature of the cell is within the low temperature range specif

or the
ange.

safety
Also,
small

llows:

ed by
e and

rature

nd the
thium
omes
Also,
n the
n, the
duces

lows:

ed 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 should never be charged under any charging current.
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A.7 Discharging conditions for safe use

The main parameters to ensure safety during discharging are voltage, current, and temperature.
Voltage should always be above the lower limit discharging voltage of the cell. Current should
never exceed the maximum current-defined specified by the cell manufacturer. The temperature
should always be within the temperature limits (low and high limits). The cell voltage should be
controlled above the lower limit discharging voltage of the cell to avoid unexpected critical
failure. In addition, a cut off voltage above the lower limit discharging voltage is specified by
the cell manufacturer in order to keep a proper margin for the cell operating region and to
optimize performance of the cell.

A.8 [Example of operating region

Figure A.1 illustrates a typical example of an operating region for charging. In-a ‘tempefature
range| higher or lower than the standard temperature range, it is permissible t6)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. Figufe A.2
illustrates an example of an operating region for discharging.

Maximum charging current (1)

Operating region.(Current)

Charging current

'

LyteT, Low temperature range
T,to T, Standard temperature range
T, to T, High temperature range

| - - -

Charging voltage
A
I | 1
1 I 1
I | I

I

]

:

)
e
-
(I :4
]
[
IS
[
[
| 1 5
] 1 Q
<
[ %
1
| 1 Q
I I:_E
S
1_ 1
|
I
I

T1 T2 3 T4

Cell temperature (surface) IEC

Figure A.1 — An‘example of operating region for charging of typical lithium ion cells
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T, to T, Low temperature range
T, to T, Standard temperature range
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Figufre A.2 — An example of operating region for discharging of typical lithium ion [cells
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Annex B
(informative)

Procedure of propagation test by laser irradiation (see 7.3.3)

General

2022

This annex gives an example method for the 7.3.3 propagation test by laser. The testing entity
should contact the cell or battery system manufacturer to get a detailed procedure for the cell
thermal runaway.

NOTE | The purpose of this test is not an evaluation of a single cell but an evaluation of propagation \A
the bajtery system. Therefore, the following methods which create thermal runaway do not sic) e
short-c|rcuit of the cell, but a propagation trigger.

B.2

B.2.1 Cell test (preliminary test)

‘19’
T it N
est conditions (1/

-

N’

V%
he cell is fully charged according to the manufacturer specifiéb onditions.

T
Place thermocouples onto the cell to measure the surfac perature. It is better

multiple thermocouples for redundant data acquisition. s\

Flix the cell onto the test bench (see Figure B.1). Th 'eriation point on the cell sho
determined by considering the structure of the bat@ system supplied in the main t
The laser irradiation program and its work i§@d be set and confirmed. It is be
prepare covers to prevent damage to Iaseq‘\ stems when the cell enters into th
rginaway and vent. (%)

repare and set the measurement equ"§1\ent for the cell temperature measurement

et the ambient temperature at ?\Q) + 5 °C. The temperature controller such
cpnditioning system should have the ability to maintain the ambient temperature un
cell temperature reaches the m&imum temperature.

Ifradiate the cell with the:Jaser at the determined point. Measure the cell tempe
. . \\Vf )
cpntinuously from the irr tion start to the observation end.

-

turned off (see Fi B.2).

bserve the &)temperatures and appearance until the cell temperature decr
ehough for handling.

eview t mperature profile to confirm the thermal runaway event.
e est should be repeated 3 times. If thermal runaway is confirmed on each tes

iour of
nternal

O use

ld be
pst.

ter to
ermal

etc.
AS air

til the

rature

hen rapid temperag&ue increase is observed due to cell thermal runaway, the laser is

pases

t with
n.

t @ e conditions, go to the battery system test with the same irradiation conditio

NOTE 1 The laser type can be chosen from material process lasers such as cutting, welding or hardening
are the CO, laser, YAG laser, semiconductor laser, disk laser, fibre laser, and so on.

. There

NOTE 2 The laser parameters are set such that the cell enters the thermal runaway within 10 min because longer
irradiation can cause unnecessary heat-up of surrounding cells and/or battery system.

The test should be performed in a well-ventilated environment to avoid vent gas effects from
the cell.
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Cell

Laser system

Figure B.1 — Example of the test layout

Cell temperature
increase by
thermal runaway

Temperature

Cell temperature
increase
by laser irradiation

N

1EG,

T

Laser turn off

B.2.2| Battery system test (main test)

1) THedbattery system is fully charged according to the manufacturer specified condition

Figurée B.2 — Example of typical temperature trend of the cell

IEC
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use multiple thermocouples for redundant data acquisition.

ter to

3) Fix the battery system onto the test bench. The laser path should be considered prior to
testing and the irradiation point on the target cell should be the same or similar as that on

the cell test.

4) The laserirradiation program and its work should be set and confirmed. It is better to prepare
covers to prevent damage to the laser systems when the target cell enters into thermal

runaway and vents.

5) Prepare and set the measurement equipment for cell temperature measurement, etc.

6) Set the ambient temperature at 25 °C £ 5 °C. The temperature controller such as an air
conditioning system should have the ability to maintain the ambient temperature until the

target cell temperature reaches the maximum temperature.
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7) Irradiate the target cell with the laser at the determined point. Measure the cell's temperature
continuously from irradiation start to observation end.

8) When rapid temperature increase due to cell thermal runaway is observed, the laser is
turned off.

9) Observe the cell's temperatures and the battery system appearance for a minimum of 1 h.
It is better to observe them until the cell's temperature decreases enough for safe handling.

The test should be performed in a well-ventilated environment to avoid vent gas effect from the
target cell and/or the other cells.
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Annex C
(informative)

Procedure of propagation test by methods other than laser (see 7.3.3)

CA

General

The method for developing a thermal runaway of the cell is by using a laser as described in
7.3.3 and Annex B. However other methods can be chosen from-ene-ef the candidate methods

identi

fied in Clause C.3 below. The testing entity should contact the cell or battery s

ystem

manu

NOTE
the bat
circuit

c.2

1) Th
2) O
in
m

cell, i.e. the target cell has at least two other cells nearby.

3) TH

a hole for nail penetration provided for ease of testing. However the special feature prg

fo

C3

Methd

1) Heating

TH
th

2) O

facturer to get a detailed procedure for the cell thermal runaway.

The purpose of this test is not an evaluation of a single cell but an evaluation of propagation behaviou
ery system. Therefore, the following methods which create thermal runaway do not simulate interna
f the cell, but a propagation trigger.

Test conditions

e battery system is fully charged according to the manufacturer-recommended cond

o thermal runaway as a trigger of the test. When the battery system contains th
bre cells, end cells in the battery system configuration,may not be chosen as the

is test can be carried out with a specially prepared sample, which may have a hez

ease of testing should not affect the heat diffusion of the battery system.
Methods for initiating the thermal-runaway

ds for initiating the thermal runaway can include the following.

e target cell-shal-be is'heated by the following methods. Each method should head

Heating by heater

Heating by.burner
=leatin - leear

Heatitig by inductive heating

ercharge

[inside
short-

tions.

e cell in the battery system (hereafter called target cell) is\intended to be-ferced entered

fee or
target

ter or
vided

t only

b target cell. The heat source should be turned off when the target cell isforced entered
info thermal runaways

A The target cell is overcharged with the manufacturer-recommended conditions until the
target cell is-ferced entered into thermal runaway. Any other cells in the battery system shall
not be overcharged. If the cell is designed to have a current interrupt device (CID), a cell
whose CID was altered to be non-functional may be used.

3) Nail penetration of the cell

A The target cell is penetrated with a nail to create a short circuit between the positive and
negative electrodes. The nail may be heated prior to the test.

4) Combination of the methods in 1) to 3) above.

5) Other method(s) which are determined to be appropriate method(s) by theory and supporting
data.
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Annex D
(informative)

Packaging and transport

The goal of packaging of secondary cells and-batteries battery systems for transport is to
prevent opportunities for short-circuit, mechanical damage and possible ingress of moisture.
The materials and packaging design should be chosen so as to prevent the development of
unintentional electrical conduction, corrosion of the terminals and ingress of environmental
contaminants.

Lithiupn ion cells, modules, battery packs, and battery systems are regulated by the Interngtional
Civil Aviation Organization (ICAQO), the International Air Transport Association{(tATA]), the
Internjational Maritime Organization (IMO) and other international organizatiens and/or
government agencies.

Regullations concerning international transport of secondary lithium batteties are based ¢n the
UN R¢commendations on the Transport of Dangerous Goods. Testing requirements are defined
in thelUN Manual of Tests and Criteria. As regulations are subject to.change, the latest editions
shouldl be consulted. 16

For rdference, transportation tests are also given in IEC 62281



It is very important to check the latest regulation as they are subject to change and the risks related to lithium batteries which are considered as dangerous goods.
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List of comments

This paragraph clarifies the vehicles covered by the standard, with the exception o
vehicles.

The standard addresses only first life cells and batteries, as the reuse, repurpos
second life will be addressed by a new standard under development.

The sentence has been modified to give a better description of venting.

The 1st edition of the standard did not address the cells and batteries incorpora
moving equipment

f road

e and

ted in

It is important to emphasize the risk associated with live parts.

[The addition to the sentence gives requirements that the cell manufacturercshould p

the risks related to the battery system.

New text provides a clarification of the monitoring of the charging or discharging c
for safety reasons.

Subclause 5.8 provides an important addition concerning.a system lock functior
important for safety reasons (avoid dangerous reactions).

New text provides clarification on the way the cell.charging current is calculated
single cells are connected in parallel.

Additional test conditions are given.

[The description of the forced internal short-circuit test for cylindrical cells and prig
cells is described with a lot of precision‘as it is a major test which is not easily perfg
This is an important test for the safety of the use of the cells.

It is very important to insure that the thermal runaway of one cell does not have any
on the entire battery system; This to insure the safety of the battery system.

FMEA (Failure Mode and,Effect Analysis) or FTA (Fault Tree Analysis) are very po
tools to evaluate the risks associated with products.

New Clause 9 on electromagnetic compatibility is added as it is more and more re
by end-users.

An example-of a very important safety requirement is provided.

risks-related to lithium batteries which are considered as dangerous goods.

fovide

to the battery system manufacturer/designer in order to have an adequate mitigafion of

urrent

very

when

matic

rmed.

effect

werful

huired

It is very important to check the latest regulation as they are subject to change and the
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization;con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote‘interr]
bperation on all questions concerning standardization in the electrical and electronic fields. 170 this ¢
ddition to other activities, IEC publishes International Standards, Technical Specifications, (Fechnical R
licly Available Specifications (PAS) and Guides (hereafter referred to as “IEC( Publication(s)”)
baration is entrusted to technical committees; any IEC National Committee interested in the subject de
participate in this preparatory work. International, governmental and non-governmental organizations

hdardization (ISO) in accordance with conditions determined by agreement(between the two organiza

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical .Gommittee has representation f
rested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are madg to ensure that the technical content
lications is accurate, IEC cannot be held responsible for the way in which they are used or

misjnterpretation by any end user.

4) In
trarn
any

5) IEQ

ass
ser

6) Al

7) No
me
oth
exp
Pul

8) Attg
indi

rder to promote international uniformity, IEC National' Committees undertake to apply IEC Publi
sparently to the maximum extent possible in their national and regional publications. Any divergence b
IEC Publication and the corresponding nationakerregional publication shall be clearly indicated in thé

itself does not provide any attestation of conformity. Independent certification bodies provide con
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certificatioh bodies.

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

liability shall attach to IEC or its-directors, employees, servants or agents including individual expe|
nbers of its technical committeés-and IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg
enses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn to the _Normative references cited in this publication. Use of the referenced publica
[spensable for the ‘carrect application of this publication.

9) Attgntion is drawntorthe possibility that some of the elements of this IEC Publication may be the subject o
rights. IEC shallnot be held responsible for identifying any or all such patent rights.

IEC 6
alkali
batte

P619-has been prepared by subcommittee 21A: Secondary cells and batteries cont
elor-other non-acid electrolytes, of IEC technical committee 21: Secondary cell

prising
ational
nd and
eports,

Their
alt with
iaising

the IEC also participate in this preparation. IEC collaborates closely with the\[nternational Organization for

ions.

ational
om all

ational
of IEC
or any

cations
etween
latter.

formity
for any

rts and
age or
s) and
er IEC

ions is
patent

Rining
s and

es It is an International Standard

This second edition cancels and replaces the first edition published in 2017. This edition
constitutes a technical revision.

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

a) new requirements for moving parts;

b) addition of requirements for hazardous live parts;

c) addition of requirements for battery system design;

d) new requirements for system lock;

e) new requirements for EMC;
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f) ad

dition of procedure of propagation test by laser.

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

Draft Report on voting

21A/785/FDIS 21A/787/RVD

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

The Ignguage used for the development of this International Standard is English.
This document was drafted in accordance with ISO/IEC Directives, Part 2, and deyeloped in
accor@lance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
descr|bed in greater detail at www.iec.ch/standardsdev/publications.
The cpmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch(in” the data related fo the
specific document. At this date, the document will be
e regonfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.
IMPOQRTANT - The 'colour inside' logo'on the cover page of this publication indicates that it
contpins colours which are considered to be useful for the correct understanding 9f its

cont

bnts. Users should therefore print this document using a colour printer.
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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 Scope

This
and b

When| there exists an IEC International Standard specifying test conditions and|require
for cellls used in special applications and which is in conflict with this document, the f

takes

The fgllowing are some examples of applications that utilize cells and-batteries under the
of thig document:

e St
st
e M

Since

requirements which are common and minimumto the various applications.

Electrjcal safety is included only as a partiof the risk analysis of Clause 8. In regard to g
for aqdressing electrical safety, the end“use application standard requirements need
considlered.

This document applies to cellssahd batteries. If the battery is divided into smaller unit
smallg¢r unit can be tested ‘as the representative of the battery. The manufacturer d

decla

This document addresses first life cells and batteries. Reuse, repurpose, second life U
similaf are not taken into consideration by this document.

2 Nlormative references

htteries used in industrial applications, including stationary applications.

precedence (e.g., IEC 62660 series on road vehicles).

brage system, utility switching, emergency power, and-Similar applications.

this document covers batteries for various'industrial applications, it includes

ocument specifies requirements and tests for the safe operation of secondary lithiuny cells

ments
ormer

scope

htionary applications: telecom, uninterruptible power supplies (UPS), electrical gnergy

ptive applications: forklift truck, golf cart, automated guided vehicle (AGV), railway
vehicles, and marine vehicles, with the exception/ofiwoad vehicles.

those

etails
to be

5, the
learly

es the tested unit. The manufacturer can add functions, which are present in th¢ final
battery to the tested unit:

se or

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any

amen

dments) applies.

IEC 62133-2:2017, Secondary cells and batteries containing alkaline or other non-acid
electrolytes — Safety requirements for portable sealed secondary lithium cells, and for batteries

made

from them, for use in portable applications — Part 2: Lithium systems

IEC 62620:2014, Secondary cells and batteries containing alkaline or other non-acid
electrolytes — Secondary lithium cells and batteries for use in industrial applications

ISO/IEC Guide 51, Safety aspects — Guidelines for their inclusion in standards
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 51, and
the following apply.

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

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

3.1
safety
freedgm from unacceptable risk

3.2
risk
combination of the probability of occurrence of harm and the severity ofithat harm

[SOURCE: ISO/IEC Guide 51:2014, 3.9, modified — deletion of Note'1 to entry.]

3.3
harm
physi¢al injury or damage to the health of people, or damiage to property or to the enviropment

[SOURCE: ISO/IEC Guide 51:2014, 3.1]

3.4
hazard
potential source of harm

[SOURCE: ISO/IEC Guide 51:2014,°3°2]

3.5
intenged use
use df a product, process or service in accordance with specifications, instruction$ and
information provided by-the supplier

3.6
reasonably foreseeable misuse
use of a product, process or service in a way not intended by the supplier, but which can [result
from neadily’ predictable human behaviour

[SOURCE: ISO/IEC Guide 51:2014, 3.7, modified — "or system" has been replaced with
"process or service" and notes to entry deleted.]

3.7

secondary lithium cell

cell

secondary cell where electrical energy is derived from the insertion/extraction reactions of
lithium ions or oxidation/reduction reaction of lithium between the negative electrode and the
positive electrode

Note 1 to entry: The cell typically has an electrolyte that consists of a lithium salt and organic solvent compound in
liquid, gel or solid form and has a metal or a laminate film casing. It is not ready for use in an application because it
is not yet fitted with its final housing, terminal arrangement and electronic control device.
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3.8

cell block

group of cells connected together in parallel configuration with or without protective devices
(e.g. fuse or positive temperature coefficient device (PTC)) and monitoring circuitry

Note 1 to entry: The cell block is not ready for use in an application because it is not yet fitted with its final housing,
terminal arrangement and electronic control device.

3.9

module
group of cells connected together either in a series and/or parallel configuration with or without
protective devices (e.g. fuse or positive temperature coefficient device (PTC)) and monitoring
circuifry

3.10
battery pack
energg storage device, which comprises one or more cells or modules electrically conrlected
and hps monitoring circuitry which provides information (e.g. cell voltage).to-a battery system
to influence the battery's safety, performance and/or service life

Note 1|to entry: The battery pack may incorporate a protective housing and beprovided with terminals dr other
intercopnection arrangements.

3.11
battefy system
battery
system which comprises one or more cells, modules” or battery packs and has a blattery
management system capable of controlling currént in case of overcharge, overcurrent,
overd|scharge, and overheating

Note 1[to entry: Overdischarge cut-off is not mandatory if there is an agreement between the cell manufactufer and
the cugtomer.

Note 2 to entry: The battery system may have cooling or heating units. More than one battery system may copstitute
a largef battery system. The battery systemiis’'sometimes also referred to as a battery.

3.12
battery management system
BMS
electrpnic system associated with a battery which has functions to control current in case of
overcharge, overcurrent; overdischarge, and overheating and which monitors and/or mapages
the bgttery's state,‘ealculates secondary data, reports that data and/or controls its environment
to influence the¢battery's safety, performance and/or service life

Note 1[to entrys, Overdischarge cut-off is not mandatory if there is an agreement between the cell manufactufer and

the cugtomer.
Note ZLWWWWWWWWWTmattGry.

(See Figure 6.)

Note 3 to entry: The BMS can be divided and it can be found partially in the battery pack and partially on the
equipment that uses the battery. (See Figure 6.)

Note 4 to entry: The BMS is sometimes also referred to as a BMU (battery management unit).

3.13
leakage
visible escape of liquid electrolyte

3.14

venting

release of excessive internal pressure from a cell, module, battery pack, or battery system in a
manner intended by design to preclude rupture or explosion
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3.15
ruptu

re

mechanical failure of a cell container or battery case induced by an internal or external cause,
resulting in exposure or spillage but not ejection of materials

3.16
explo

sion

failure that occurs when a cell container or battery case opens violently and solid components

are fo

Note 1

rcibly expelled

to entry: Liquid, gas, and smoke are excepted.

3.17
fire
emiss

Note 1

3.18

rated
capag
manu

Note 1

which 3
conditi

[SOU
defini

3.19

uppe
<of &
manu

3.20

lower
<of a
manu

3.21

maximum charging current

<of 4
manu

ion of flames from a cell, module, battery pack, or battery system for more than 1 s

to entry: Sparks and arcing are not considered as flames.

capacity
ity value of a cell or battery determined under specified conditions and declared {
acturer

to entry: The rated capacity is the quantity of electricity C, Ah (ampere-hours) declared by the manuf

single cell or battery can deliver during an n-hour period when charging, storing and discharging un|
ns specified in IEC 62620:2014, 6.3.1.

RCE: IEC 60050-482:2004, 482-03-15, modified — Addition of the words "cell or"
ion and of Note 1 to entry.]

limit charging voltage
cell> highest charging voltage\“in the cell operating region specified by th
acturer

limit discharging voltage
cell> lowest discharging voltage in the cell operating region specified by th
acturer

cell>\highest charging current in the cell operating region specified by th
acturer

by the

acturer
der the

in the

cell

N4

cell

[

cell

A%

3.22

maximum discharging current
<of a cell> highest discharging current in the cell operating region specified by the cell
manufacturer

3.23

thermal runaway
uncontrolled intensive increase in the temperature of a cell driven by exothermic reaction
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4 Parameter measurement tolerances

The overall accuracy of controlled or measured values, relative to the specified or actual

para

a) t
b) +
c) %
d) +
e) £
f) =+

meters, shall be within these tolerances:

0,5 % for voltage;

1% for current;

2 °C for temperature;
0,1 % for time;

1 %  for mass;

1% for dimensions.

Thesq tolerances comprise the combined accuracy of the measuring instrumentq, the

meastirement techniques used, and all other sources of error in the test procedure.

The dptails of the instrumentation used shall be provided in any report of(nesults.

5 General safety considerations

5.1

The sgafety of lithium secondary cells and battery systemsurequires the consideration of tw
of appglied conditions:

1) infended use;
2) repsonably foreseeable misuse.

Cells [and battery systems shall be desighed and constructed so that they are safe

cond
cells

be functional in all respects.

It is ekpected that cells or battery systems subjected to misuse may fail to function. Hoy

even

Pote

a) fi
b) b

c) leqkagde of cell electrolyte,
d) anting with continuous emission of flammable and/or toxic gas and/or smoke,

General

ifions of intended use and reasonably foreseeable misuse. It may also be expecte
and battery systems subjected to intended use shall not only be safe but shall conti

f such a situation occurs, they shall not present any significant hazards.

ntial hazards which“are the subject of this document are:

re,

urst/explesion,

D sets

under
d that
hue to

vever,

e) rupture of the casing of cell, module, battery pack, or battery system with exposure of
internal components.

Conformity with 5.1 a) and b) is checked by the tests of Clause 6, Clause 7, and 8.2, and in
accordance with the appropriate standard (see Clause 2). Conformity with 5.1 c) to e€) and with
5.2 to 5.6 is checked by analysis of documents mentioned in 8.1.

Moving parts that have potential to cause human injuries shall be applied using an appropriate
design and necessary measures to reduce the risk of injuries, including those injuries that may
be incurred during installation, while cells or battery systems are being incorporated into
equipment.
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5.2

Insulation and wiring

Wiring and its insulation shall be sufficient to withstand the maximum anticipated voltage,
current, temperature, altitude and humidity requirements. The design of an internal wiring shall
be such that adequate clearances and creepage distances are maintained between conductors
and live parts at different voltages or between live parts and non-current-carrying accessible
parts. Hazardous live parts of the battery system shall be protected to avoid the risk of electric

shock

s, including during installation.

The mechanical integrity of the whole battery system (cell/module/BMS) and their connections
shall be sufficient to accommodate conditions of reasonably foreseeable misuse.

5.3

The ¢
relief
within
neithe

5.4

The d
preve

specified by the cell manufacturer. Battery systems shall be\provided with specification

charg
maint

5.5

Termi
batter

Batter
need
revers

The dlize and shape of the terminal contacts shall ensure that they can carry the max

antici
mater

arranged so as to minimize the risk of short-circuits, for example to minimize the risk of

circuit

5.6
5.6.1

Venting

asing of a cell, module, battery pack, and battery system shall incorporate._a prég
function that will preclude rupture or explosion. If encapsulation is used-to,suppor
an outer case, the type of encapsulating material and the method of ghcdpsulatior]
r cause the battery system to overheat during normal operation nor inhibit pressure

Temperature/voltage/current management

esign of battery systems shall be such that abnormal temperature-rise conditiorn
hted. Battery systems shall be designed within voltagej)\edrrent, and temperature

ng instructions for equipment manufacturers so thatrassociated chargers are desig
bin charging within the voltage, current and temperature limits specified.

Terminal contacts of the battery pack and/or battery system

y system.

y packs with keyed external connectors designed for connection to specific end prg
not be marked with polarity, markings if the design of the external connector pre
e polarity connections.

pbated current. External terminal contact surfaces shall be formed from cond
als with good meehanical strength and corrosion resistance. Terminal contacts sh

s by metaltools. Compliance is determined through a review of the terminal specific

Assembly of cells, modules, or battery packs into battery systems

General

ssure
cells
shall
relief.

s are
limits
s and
ned to

hals shall have clear polarity marking(s) on the external surface of the battery pack or

ducts
vents

imum
uctive
all be
short-
ations.

The assembly of cells, modules or battery packs to constitute the battery system shall respect
the following rules to support adequate mitigation of risks as regard to the battery system:

e Each battery system shall have an independent control and protection method(s).

NOTE For the independent control and protection method(s), see 8.2.

e The cell manufacturer shall provide recommendations about current, voltage, temperature
limits and should provide mounting advice, storage conditions, maximum number of cells in
series (for cell internal protection such as a current interrupt device (CID)) so that the battery

sy

stem manufacturer/designer may ensure proper design and assembly.

o Battery systems that are designed for the selective discharging of a portion of their series
connected cells shall incorporate separate circuitry to prevent the cell reversal caused by
uneven discharging.
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e Protective circuit components should be added as appropriate and consideration given to
the end-device application.

5.6.2 Battery system design

The voltage control function of the battery system design shall ensure that the voltage of each
cell or cell block shall not exceed the upper limit charging voltage specified by the manufacturer
of the cells, except in the case where the end-devices provide the voltage control function. In
such a case, the end-devices are considered as part of the battery system. Refer to Note 2 and
Note 3 in 3.12.

The battery shall be designed so that the maximum charging current or the maximum
dischirging current of the cell are not exceeded before the maximum allowed charg|ng or
discharging current of the battery is reached.

5.7 |Operating region of lithium cells and battery systems for safe use

The cgll manufacturer shall specify the cell operating region. The battery _system manufacturer
shall gesign the battery system to comply with the cell operating region, Determination pf the
cell operating region is in accordance with Annex A.

5.8 |System lock (or system lock function)

The battery system shall have a non-resettable function to-stop operation when one or[ more
cells an the battery system deviates from the operating«egion during operation. This feature
shall pot be user resettable or allow for automatic reset.

The function of the battery system may be returnedjafter checking that the status of the bfattery
systen complies with the battery system manufacturer manual, i.e. the battery system
maintegnance manual shall clearly set out this‘procedure.

provide emergency functions. In this gase, cell limits (e.g. lower limit discharge voltage orjupper
tempgrature limit) may deviate oncewithin the range where the cell does not cause dangerous
reactipns. Therefore, the cell manufacturer shall provide the second set of limits in whi¢h the
cell in the battery system may+accept one discharge without dangerous reactions. The cell
shouldl not be further recharged after this last discharge.

Depending on the application, a battery‘system may allow a final discharge, for exanIIe to

5.9 |Quality plan

The RQattery system manufacturer shall prepare and implement a quality plan that defines
procefures forsthe inspection of materials, components, cells, modules, battery packg, and
battery systems and which covers the whole process of producing each type of cell, mpdule,
battery pdck, and battery system (e.g. ISO 9001, etc.). Manufacturers should understand their
proceps Capabilities and should institute the necessary process controls in relation to product
safety”

6 Type test conditions

6.1 General

A cell in the battery system that is used outside of its operating region may exhibit hazards
resulting from the cells or battery systems. Such risks shall be taken into consideration in order
to prepare a safe test plan.

The test facility should have sufficient structural integrity and a fire suppression system to
sustain the conditions of overpressure and fire that may occur as a result of testing. The facility
should have a ventilation system to remove and capture gas which might be produced during
the tests. Consideration should be given to high voltage hazards when applicable.
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Warning: THESE 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 OR BATTERY SYSTEMS WHOSE CASINGS MAY EXCEED 75 °C AS A
RESULT OF TESTING.

6.2 Test items

Tests are made with the number of cells or battery systems specified in Table 1, using cells or
battery systems that are stored for not more than six months, under conditions specified by the
cell o 'uattcly system manufactorer:

Cells ppor battery systems charged in accordance with the method specified in 7.1(shall deliver
the r3ted capacity or more according to IEC 62620:2014, 6.3.1 when they are discharged
at 25 C + 5 °C, at a constant current of 0,2 I; A according to IEC 62620:2014,!6.3.1, down to a
specified final voltage. This capacity confirmation may be done during the|cell manufacturer
shipping inspection. In the case of a battery system, the capacity may‘be calculated gn the
basis |of the cell capacity as measured during the cell manufacturer shipping inspection.

Unlesp otherwise specified, tests are carried out in an ambient témperature of 25 °C + 5°C.

NOTE | Test conditions are for type tests only and do not imply that intended use includes operation undef these
conditipns. Similarly, the limit of six months is introduced for consistency and does not imply that cell and |battery
system| safety is reduced after six months.
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Table 1 — Sample size for type tests

Test items Test unit
Cell Battery system
Category Test (see a) (see b and e)
7.2.1 External short-circuit test R -
7.2.2 Impact test R (see c) -
7.2.3 Drop test R R
7.2.4 Thermal abuse test R -
Product safety test
(safety of cell and 7.2.5 Overcharge test R (see d) -
baptery system) 7.2.6 Forced discharge test R -
7.3 Considerations | 7.3.2 Internal short- R* -
for internal short- circuit test
circuit (select one ;
of the two options) 7.3.3 Propagation - R
test
i 8.2.2 Overcharge control of voltage -
Funcfional safety test
(safety of battery 8.2.3 Overcharge control of current -
system) -
8.2.4 Overheating control -

"R" =|required (minimum of 1)
"R*" 4 required. As for the sample number, refer to IEC 62133-2:2017, 73.9.

"-" =unnecessary or not applicable

a The manufacturer can use "cell block(s)" instead of "cell(s)"\for any test that specifies "cell(s)" as the test unit
in|this document. The manufacturer clearly declares the test unit for each test.

b If p battery system is divided into smaller units, the unit'ean be tested as representative of the battery system.
The manufacturer can add functions which are presént in the final battery system to the tested uni{. The
manufacturer clearly declares the tested unit.

¢ Cylindrical cell or cell block: 1 direction, prisaiatic cell (including cell with laminate film case) or cell blpck: 2
difections.

d THhe test is performed with the cells or.cell blocks in those battery systems that are provided with only a single
cqntrol or protection for charging veltage control.

e If the positive and negative termihals of a battery are not accessible, the manufacturer is allowed to modify
the sample(s) to make the terminals available, for example, in accordance with 7.2.1. The modification| shall
bg done in a way which makés it unlikely that the test result is influenced.

7 Specific requirements and tests

7.1 |Charging procedures for test purposes

Prior jo.charging, the cell or battery system shall be discharged in an ambient temperature of
25 °C =5 *Cataconstantcurrent of 0,27, A, down to a specifiedfimatvottage:

Unless otherwise stated in this document, cells or battery systems shall be charged in an
ambient temperature of 25 °C £ 5 °C, using the method specified by the manufacturer.

NOTE 1 Charging and discharging currents for the tests are based on the value of the rated capacity (C, Ah). These
currents are expressed as a multiple of 7, A, where: I, A = C, Ah/1 h (see IEC 61434).

NOTE 2 The battery system which cannot be discharged at a constant current of 0,2 7, A can be discharged at the
current specified by the manufacturer.
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7.2
7.2

A

Reasonably foreseeable misuse

External short-circuit test (cell or cell block)

a) Requirements

b)

c)

7.2
a)

b)

c)

.2

Requirements

Short-circuit between the positive and negative terminals shall not cause fire or explosion.
Test

Fully charged cells are stored in an ambient temperature of 25 °C £+ 5 °C. Each cell is then
short-circuited by connecting the positive and negative terminals with a total external
resistance of 30 mQ £ 10 mQ.

m

Adceptance criteria
Ng fire, no explosion.

An impact to the cell as mentioned in 7.2.2 b) shall not cause fir€ br'explosion.

Te

TH
of

Th
b
di
bl

placed on the sample.

A
co
cu
ro
be
se

In
be

Pd
Ad
Nd

aximum tempe

’ O 1 O
rature rise, which

ever is the sooner.

Impact test (cell or cell block)

st

e cell or cell block shall be discharged at a constant current of 0,2 /; A, to 50 % ca
the rated capacity.

e cell or cell block is placed on a flat concrete or'metal floor. A type 316 stainless
r with a diameter of 15,8 mm £ 0,1 mm and ‘t least 60 mm in length or the Ig
ension of the cell, whichever is greater, is.placed across the centre of the cell
bck. A 9,1 kg rigid mass is then dropped from a height of 610 mm + 25 mm onto tH

ncrete or metal floor and perpendicular to the longitudinal axis of the 15,8 mm dia
rved surface lying across the centre of the test sample. A prismatic cell is also

subjected to the impact. Each sample is to be subjected to only a single impadg
parate samples to be used-for each impact (see Figure 1).

the case of a metal floor, external short circuit of the cell or cell block with the floor s
avoided by appropriate measures.

uch cells are tésted as prismatic cells.
ceptance criteria
fire, na"explosion.

of the

pacity

steel
ngest
br cell
e bar

cylindrical or prismatic cell is to be impacted with its longitudinal axis parallel to tire flat

meter
to be

ated 90 degrees around its longitudinal axis so that both the wide and narrow sid¢s will

t with

hould
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IEC

a) Cylindrical cell

Load
9,1 kg

Bar

IEC

1) Several cylindrical
cells

b) Direction 1 of
prismatic cell

Load
9,1 kg

Bar

IEC

e) Direction 1 of
several prismatic cells

Load Load
9,1 kg 9,1k
Load ot ,
9,1 kg ) /
Bar Bar
Bar
/ Longitudinal
\ 1 axis
Cytimdricat - - \

cell / Prismatic cell IEC Prismatic cell IEC

c) Direction 2-of
prismatic cell

Load
9,1 kg
Bar
1 / b Longitdidinal
7 axds
IEC

f) Direction 2 of
several prismatic cells

NOTE | The cell or cell block cah.,be supported by some material which has no influence on the test to mainfain the

positiof.

7.2.3 Drop.test (cell or cell block, and battery system)

7.2.3.4 General

Figure 1 — Configuration of the impact test

The drop test is conducted on a cell or cell block, and battery system. The test method and the
height of the drop are determined by the test unit weight as shown in Table 2.


https://iecnorm.com/api/?name=14fe4fae0e8b7cd1ef9c3e9dbc9ca1f3

IEC 62619:2022 © |IEC 2022 -17 -

Table 2 — Drop test method and condition

Mass of the test unit Test method Height of drop
Less than 7 kg Whole 1 000 mm
7 kg or more, less than 20 kg Whole @) 100 mm
20 kg or more, less than 50 kg Edge and corner @) 100 mm
50 kg or more, less than 100 kg Edge and corner @) 50 mm
100 kg or more Edge and corner @ 25 mm

If the battery system is divided into smaller units, the unit can be tested as the representative of the battery
systefn. The manuiacturer can add funciions which are present In the final baitery sysiem to the tested unil. The
manufacturer clearly declares the tested unit.

a)

Fqr test objects with a mass of 7 kg or more, the test shall be conducted with the bottom specified by the
manufacturer facing downward.

7.2.3.R Whole drop test (cell or cell block, and battery system)

This test is applied when the mass of the test unit is less than 20 kg.

a)

b)

c)

7.2.3.8 Edgejand corner drop test (cell or cell block, and battery system)

This test is.applied when the mass of the test unit is 20 kg or more.

a)

b)

Requirements
Drnopping the test unit shall not cause fire or explosion.
Tgst

Egqch fully charged test unit is dropped three timés from a height shown in Table 2 ¢nto a
fldt concrete or metal floor.

If the mass of the test unit is less than 7 kg,the test unit is dropped so as to obtain impacts
in[random orientations. If the mass of the{test unit is 7 kg or more but less than 20 kig, the
tegt shall be performed with the test unit dropped in the bottom down direction. The bottom
surface of the test unit is specified by/the manufacturer.

After the test, the test units shalkbe put on rest for a minimum of 1 h, and then a pisual
ingpection shall be performed.

If the floor of the test roomnis“metal, external short circuit of cell or cell block, and bjattery
system with the floor should be avoided by appropriate measures.

Adceptance criteria

Ng fire, no explogion:

Requirements

Dropping the test unit shall not cause fire or explosion.
Test

A fully charged test unit is dropped two times from a height shown in Table 2 onto a flat
concrete or metal floor. The drop test conditions shall ensure, with test arrangements as
shown in Figure 2, Figure 3 and Figure 4, reproducible impact points for the shortest edge
drop impact and the corner impact. The two impacts, per impact type, shall be on the same
corner and on the same shortest edge. For the corner and edge drops, the test unit shall be
oriented in such a way that a straight line drawn through the corner/edge to be struck and
the test unit geometric centre is approximately perpendicular to the impact surface. After
the test, the test unit shall be put on rest for a minimum of 1 h, and then a visual inspection
shall be performed.

If the floor of the test room is metal, external short circuit of cell or cell block, and battery
system with the floor should be avoided by appropriate measures.
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c) Acceptance criteria
No fire, no explosion.

Shortest edge
impact point (]

Corner
J impact point

1=

Figure 2 — Impact location

7,
Release
Eye bolt
Test unit
|/ Drop height
JAN )~
7R A
Impact edge
(Side-view) IEC

'y Drop height

112 112 =8
- S > |
T Triangular

1 support
S Test unit

}{ . . Impact corner
N /
Y

(Top view)

IEC

Smallef units can be dropped from a hand-held position. If a lifting-release device is used, it should not, on r

Figure 3 — Configuration for the shortest edge drop test

Please,

. - L i s o e
|mpart rotattomrat-or-sideward-forcesto-threumit:

Figure 4 — Configuration for the corner drop test

7.2.4 Thermal abuse test (cell or cell block)
a) Requirements

An elevated temperature exposure shall not cause fire or explosion.
b) Test

Each fully charged cell, stabilized in an ambient temperature of 25 °C £ 5 °C, is placed in a

gravity or circulating air-convection oven.

The oven temperature is raised at a rate of 5°C/ mint2 °C /min to a temperature

of 856 °C £ 5 °C.

The cell remains at this temperature for 3 h before the test is discontinued.
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c)

Acceptance criteria
No fire, no explosion.

7.2.5 Overcharge test (cell or cell block)

This test shall be performed for those battery systems that are provided with only a single
control or protection for the charging voltage control. For those battery systems provided with
two or more independent protection(s) or control(s) for the charging voltage control, this test
may be waived.

NOTE An example of the two or more independent protection(s) or control(s) is as follows:

a)

b)

c)

7.2.6 Forced discharge test (cell or cell block)

a)

b)

a rfieasurement device to monitor each cell voltage In a battery system with a function to control the, charging
cufrent to prevent the highest cell voltage from exceeding the upper limit charging voltage;

angl
a diagnostic monitoring system that detects the failure of the cell voltage monitoring devicé)and funcfions to

terminate the charging. For example, a diagnostic monitoring system can be realized by.'comparing the total
bajtery system voltage measured directly and the voltage calculated by summing up each'cell voltage.

Requirements

Charging for longer periods than specified by the cell manufacturgr' shall not cause fire or
expplosion.

Tgst

THe test shall be carried out in an ambient temperature 0of.25 °C + 5 °C. Each test cel| shall
bg discharged at a constant current of 0,2 I, A to“a final voltage specified by the

manufacturer. Sample cells shall then be charged with a constant current equal {o the
maximum specified charging current of the battery system until the voltage reachgs the
maximum voltage value that is possible under the condition where the original charging
control of the battery system does not work., Then, the charging is terminated. The vpltage
and temperature should be monitored during the test.

Regarding the battery system with single cells connected in parallel, a cell charging current
value, calculated by dividing the maximum charging current of the battery system by the
nuymber of parallel cells, is applied.

NQTE "The maximum charging current of the battery system" described in this Subclause 7.2.5 b) is djfferent
from the maximum charging current of the single cell defined in 3.21.

THe test shall be continued until the temperature of the cell surface reaches steady| state
conditions (less than.10. °C change in a 30-min period) or returns to ambient temperafure.

Adceptance criteria
Ng fire, no explosion.

Requirements

A|celin a battery system shall withstand a forced discharge without causing fjre or
explosion.

Test
The test shall be carried out in an ambient temperature of 25 °C + 5 °C. Each test cell shall
be discharged at a constant current of 0,2 /; A to a final voltage specified by the

manufacturer. A discharged cell is subjected to a forced discharge at a constant current of
1,0 I; A for a test period of 90 min. At the end of the test period, a visual inspection shall be

performed.

If the voltage in discharge reaches the target voltage shown below within the test period,
the voltage shall be kept at the target voltage by reducing the current for the remaining test
period. The target voltage is determined as follows:

i) If the battery system is provided with two or more independent protection(s) or control(s)
for discharging voltage control or the battery system has only a single cell or cell block:

Target voltage is minus the value of the upper limit charging voltage of the cell.
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i) If the battery system is provided with only a single or no protection or control for the
discharging voltage control:

Target voltage is minus the value of (rn—1) multiplied by the upper limit charging voltage
of the cell,

where n is the number of cells connected in series in the battery system.

If the maximum discharging current of the cell is less than 1,0 /; A, perform a reverse
charging at the current for the test period shown below:

t=1i><90
L

where
t | is the test period (min);
is the maximum discharging current of the cell (A).

NQTE An example of the two or more independent protection(s) or control(s) is asyfollows:

e | a measurement device to monitor each cell voltage in a battery system, @and’/a function to terminpte the
discharging process when at least one of the cell voltages reaches the(cut’off voltage or the lower limit
discharging voltage;

and

e | a diagnostic monitoring system which detects the failure of the cellhvoltage monitoring device and fupctions
to open the discharge circuit. For example, a diagnostic mofitoring system can be realized by comparing
the total battery system voltage measured directly and the,voltage calculated by summing up edch cell
voltage.

c) Adceptance criteria
Ng fire, no explosion.

7.3 |Considerations for internal short-circuit — Design evaluation
7.3.1 General

The purpose of the test is to detefmine that an internal short-circuit within a cell will not|result
in fire|of the entire battery systerw or fire propagating outside the battery system. This shall be
demopstrated either at the celllevel according to 7.3.2 internal short-circuit test or at the bjattery
system level according to«/.3.3 propagation test.

7.3.2 Internal short-circuit test (cell)
a) Requirement

A forced internal short-circuit test for cylindrical cells and prismatic cells shall not causLe fire.
An evaltuation of a newly designed cell shall be conducted by the cell manufacturef or a
third<party test house.

b) Test

The forced internal short-circuit test is performed in a chamber according to the following
procedure. All the tests are carried out in an ambient temperature of 25 °C £ 5 °C.

1) Charging procedure
Prior to charging, the cell shall be discharged at a constant current of 0,2 /; A, down to
a specified final voltage.

Then, the cell shall be charged at the upper limited charging voltage at the constant
current specified by the manufacturer, continue charging at constant voltage at upper
limited charge current drops to 0,05 /; A.
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2) Pressing the winding core with the nickel particle
A temperature-controlled chamber and special press equipment are needed for the test.

The moving part of the press equipment shall be able to move at constant speed and to
be stopped immediately when an internal short-circuit is detected.

i) Preparation for the test

— The temperature of the chamber is controlled at 25 °C + 5 °C. Refer to the sample
preparation guidance in Clause A.5 and Clause A.6 of IEC 62133-2:2017. Put the
aluminium laminated bag with the winding core and nickel particle into the
chamber for 45 min + 15 min.

voltage measurement and the thermocouple(s) for temperature measureme
the surface of the winding core. Set the winding core under the.\prgssure
equipment making sure to locate the point of placement of the nickel particle
under the pressing jig.

To prevent evaporation of electrolyte, finish the work within 10-min from renjoving
the winding core from the chamber for temperature conditioning to closing the
chamber door where the equipment is located.

— Remove the insulating sheet and close the chamber door.
ii) Internal short-circuit

The bottom surface of the moving part of the press equipment (i.e. pressing jig) is|made
of nitrile rubber or acrylic resin, which is put on the, 10_.mm x 10 mm stainless steel|shaft.
Details of the pressing jigs are shown in Figure-5{ The nitrile rubber bottom surface is
for a cylindrical cell test. For a prismatic cell test;’"6 mm x 5 mm (2 mm thickness) gcrylic
resin is put on the nitrile rubber.

Dimensions in millinpetres

10 o
; : Nitrile rubber
Cylindrical (=2
Hardness: A60
(ISO 7619-1, Type A)
IEC
Dimensions in millimetres
10
Nitrile rubber
-« (=2)
Prismatic

Acrylic resin (5 x 5, 1= 2)

/ /
/ /lll:’ut two layers of polimide

tape to the coil
IEC

Figure 5 — Jig for pressing
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a)

b)

c)
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The fixture is moved down at a speed of 0,1 mm/s monitoring the cell voltage. When a
voltage drop caused by the internal short-circuit is detected, stop the descent immediately
and keep the pressing jig in the position for 30 s, and then release the pressure. The voltage
is monitored at a rate of more than 100 times per second. If the voltage drops more than
50 mV compared the initial voltage, an internal short-circuit has been determined to have
occurred. If the force of the press reaches 800 N for a cylindrical cell or 400 N for a prismatic
cell before the 50 mV voltage drop, stop the descent immediately.

In the case of a prismatic cell with either a stacking type or folding type electrode element,
the nickel particle should be inserted at the centre of the outer end positive and negative
electrode pair, and the maximum pressing pressure is 400 N.

The sample preparation procedure may be changed from the procedure outlined in
7.8.2 2)i), it may be performed before the charging. For example:

— | the nickel particle may be inserted into a discharged electrode element:-and then
charged, or

— | the nickel particle may be inserted into the electrode element before-electrolytelfilling
and then it may be assembled, filled with electrolyte and charged. Imthese assemblies,
a polyethylene bag and/or an aluminium-laminated bag can be used\instead of the[metal
case for the actual cell.

Td judge that an internal short between the positive and negative’electrodes or subjstrate
has occurred, it is acceptable to use a voltage drop of less than 50 mV if a high acquracy
voltage meter with enough accuracy to detect the voltage drep is used, and the actual short-
cifcuit location can be confirmed with an inspection of the internal short-circuit locatijon on
the sample after the test.

THe applied pressure and the voltage behaviour shall be recorded, and the appearapce of
the short-circuit location shall be recorded by photograph or other means.

Adceptance criteria
No fire.

Requirement

THis test evaluates the ability-of a battery system to withstand a single cell thermal rupaway
evlent so that a thermal runaway event does not result in the battery system fire.

Tgst

THe battery system-Js*fully charged and then left until the cells stabilize in an ambient
temperature of 25°%C £ 5 °C. One cell in the battery system (hereafter target cell) is e.g.
hgated by laseruntil the cell enters into thermal runaway. After thermal runaway in the cell
is |initiated, the*triggering source is turned off and battery system is observed fofr 8 h.
Sge AnnexB-for an example test procedure by laser.

Ofher /méthods than the laser to initiate thermal runaway in one cell are allpwed.
SgeAnnex C.

Thebattery systemmmay bemuodifiredtofacititate thethermatromaway of thetargetcell. The
modification should be minimized and it shall not affect the thermal properties of the battery
system.

The method used to initiate a thermal runaway in the target cell shall be described in the
test report.

Acceptance criteria
No external fire from the battery system, no battery system case rupture.

If the battery system has no outer covering, the manufacturer shall specify the area for fire
protection.

NOTE Fire or battery system case rupture caused by the target cell is acceptable because the first thermal runaway
is intentionally made for the test purpose as a trigger.


https://iecnorm.com/api/?name=14fe4fae0e8b7cd1ef9c3e9dbc9ca1f3

IEC 62619:2022 © |IEC 2022 - 23 -

8 Battery system safety (considering functional safety)

8.1 General requirements

Reliance on electric, electronic and software controls and battery systems for critical safety
shall be subjected to analysis for functional safety.

IEC 61508 (all parts), Annex H of IEC 60730-1:2020, ISO 13849 (all parts) or other suitable
functional safety standard for the application may be used as references.

A process hazard analysis shall be made for the cell manufacturing process as well as the
batterl;[y system manufacturing process, which shall be under control with evidence documénted.
The manufacturer should have a way to control the manufacturing process with respect fto the
safety| hazards of the process.

NOTE | The hazard analysis of production processes refers to production faults, which effect the, safety of thg cell or
the battery (e.g. anode-cathode alignment, damaged cells, faulty connections, safety relevant-deviations fom the
battery|characteristics and its specified construction).

The risk assessment and mitigation of hazards for the battery system ‘design shall be dgne by
the blattery system manufacturers (e.g. FTA, FMEA). This precess should be done in
coord|nation with the end-use equipment manufacturer in order ‘to fully cover the spectrjum of
risks.

NOTE | Guidance on safety analysis methods such as FMEA and FTA‘an be found in such documents as IEC|60812,
IEC 6125, etc.

The pfocedure is as follows:

a) hgzard analysis;
b) ri
c) sdfety level target (e.g. safety integrity’ level (SIL) target.

gk assessment;

NOTE | The classification or level can also be-according to the applied functional safety standard such as Clags (e.g.
class B or C) according to IEC 60730-1,

Examples of hazards or risks) are as follows: EMC, electric shock, hot spots at elegtrical
interfaces, moving parts, water immersion, external short-circuit, internal short-dircuit,
overcharge, overheating,"drop, crush, overdischarge, discharge with overcurrent, charging after
an ovgrdischarge, electrolyte leakage, ignition of emission gas, fire, earthquake, seismjc sea
wave,| etc.

8.2 |Battery management system (or battery management unit)

8.2.1 Requirements for the BMS

The BMS evaluates the condition of cells and battery systems, and it maintains cells and battery
systems within the specified cell operating region. The BMS shall be designed according to the
safety integrity level (SIL) target defined in 8.1 c¢). Key factors of the cell operating region are
voltage, temperature and current (see Figure A.1).

To evaluate the charge control that affects safety, the battery system manufacturers shall
perform the tests mentioned in 8.2.2 to 8.2.4.

For these tests, the battery system includes the BMS function in the application side as well, if
applicable to the design.

NOTE 1 The function of the BMS can be assigned to the battery pack or to the equipment that uses the battery
system. See Figure 6.
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NOTE 2 The BMS can be divided and it can be found partially in the battery pack and partially on the equipment
that uses the battery system. See Figure 6.

NOTE 3 The BMS is sometimes also referred to as a BMU (battery management unit).

Equipment

Equipment

Battery system

Battery system

! |
—————————————————————————— ! BMS X
I | : ]
I | Battery pack ! . 3

|
I ! ! E
| X || Battery pack I
| BMS ! ! |
: | ! | Signal output X
! ! | | !
i Module(s) ! 1| [Module(s) :
| X ! l
! Cell(s) : ! Celi(s) !
I : : |
STt TTTTTTTTTTTTTom T IEC IEC

a) All functions of BMS are in b) {BMS functions are divided between
the battery pack battery pack and equipment side
Equi t
Equipment quipmen
Battery system Battery system
I | | I
| BMS ! | BMS !
: ! : :
| 1 | |
. - 1 1
I | ' '
X Module(s) ! : :
| | | |
|
: Cell(s) | | Celi(s) |
[ : 1 1
| 5
D NS ___ |
IEC IEC
c) Combination of equipment with d) Equipment includes all BMS functiong
BMS and module(s) and cell(s)

Figure 6 — Examples of BMS locations and battery system configurations

8.2.2 Overcharge control of voltage (battery system)

a)

Requirement

The BMS shall control the cell voltage during charging below the upper limit charging voltage
of the cells.

Test

The test shall be carried out in an ambient temperature of 25 °C + 5 °C and under normal
operating conditions with the cooling system (if any) operating (main contactors are closed
with the battery system controlled by the BMS). Each test battery system shall be discharged
at a constant current of 0,2 /; A, to a final voltage specified by the manufacturer. Sample

battery systems shall then be charged at the maximum current of the recommended charger
with set voltage exceeding the upper limit charging voltage by 10 % for each cell in the
battery system.
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The excess voltage can be applied by an additional charger if it is difficult to do so by the
original charger. Also the excess voltage can be applied to only a part of the system such
as the cell(s) in the battery system if it is difficult to do so using the whole battery system.
See Figure 7.

The test shall be carried out until the BMS terminates the charging. Data
acquisition/monitoring shall be continued for 1 h after charging is stopped. During the test,
all functions of the battery system shall be fully operational, as designed.

If the BMS fails to terminate the charging, the test should be stopped at the proper timing
for safety reasons, for example when the cell voltage reaches 103 % of the upper limit
charging voltage or 1 min after having exceeded the upper limit charging voltage, etc.

A cepntance-critaria
Sepa i ce-cHteHa

BMS terminates charging before exceeding the upper limit charging voltage. No fite, no
expplosion.

NOTE | The BMS termination of the charging current can be achieved by contactors, relays, field/effect trgnsistor

(FET), pircuit breakers, electromagnetic switches, etc. in main circuit.

Charger

Set-the upper limit
charging voltage

Charger I I

Set voltage exceeding the upper limit
charging voltage by 10 % for each
cell

| — Cell

cel ||~

Voltage
monitoring

— |

BMS

Voltage
monitoring

Set voltage exceeding the upper
limit charging voltage by 10 % for
acell

Cell Cell
N

\ioltage Voltage
monitoring monitoring

Bl |

Additional charger
IEC IEC

a) The exceeded voltage is applied to a b) The exceeded voltage is applied only to
whole battery system a part such as a cell in the battery system

Figure 7 — Example of the circuit configuration for overcharge control of voltage

8.2.3 Overcharge control of current (battery system)

a) Requirement

If the charging current of the cells in the battery system exceeds the maximum charging
current of the cells the BMS shall interrupt the charging to protect the battery system from
hazards related to charging currents above the specified maximum charging current of the
cells.


https://iecnorm.com/api/?name=14fe4fae0e8b7cd1ef9c3e9dbc9ca1f3

- 26 — IEC 62619:2022 © IEC 2022

If the maximum ability of charging current of the upper system is lower than the maximum
charging current for the battery system, this test may be waived.

b) Test

The test shall be carried out in an ambient temperature of 25 °C + 5 °C and under normal
operating conditions with the cooling system (if any) operating (main contactors closed with
the battery system being controlled by the BMS). The battery system shall be discharged at
a constant current of 0,2 ; A, to a final voltage specified by the manufacturer. Sample

battery systems shall then be charged at a current exceeding the maximum charging current
by 20 %. Data acquisition and/or monitoring shall be continued for 1 h after charging is
stopped. During the test, all functions of the battery system shall be fully operational as
designed

c) Adceptance criteria

THe BMS shall detect the overcharging current and shall control the chargiig,beldw the
maximum charging current.

Ng fire, no explosion.

8.2.4 Overheating control (battery system)
a) Requirement

THe BMS shall terminate charging when the temperature of the cells in the battery system
exlceeds the upper limit that is specified by the cell manufatturer.

b) Tdgst

THe test shall be carried out at an initial ambient temperature of 25 °C £ 5 °C and [under
ngrmal operating conditions (main contactors{are closed with battery system |being
controlled by the BMS) with the exception that\the cooling system, if provided, shall be
digconnected. Each test battery system shall be/discharged at a constant current of 0, /; A,
to[a final voltage specified by the manufacturer. Sample battery systems shall then be
chiarged at the recommended current, te a 50 % capacity of the rated capacityl The
temperature of the battery system shallbe increased to 5 °C above the maximum operating
temperature. The charging is contihued at the elevated temperature until the| BMS
tefminates the charging. Data agquisition/monitoring shall be continued for one houy after
the sequence is stopped (e.g.the BMS has terminated charging).

c) Adceptance criteria

THe BMS shall detect the overheat temperature and shall terminate charging. Durifg the
test, all functions of the'battery system shall be fully operational as designed.

Nao fire, no explosion.

9 EMC

The battery system shall fulfl EMC requirements of the end-device application sugh as
statioparys traction, railway, etc. or the specific requirements agreed between the end-device
manufaciurer and the batiery sysiem manuiacturer. The EMC test may be conducied on the
end-device, if feasible.

10 Information for safety

The use, and particularly abuse, of secondary lithium cells and battery systems may result in
the creation of hazards and may cause harm. The cell manufacturer shall provide information
about current, voltage and temperature limits of their products. The battery system
manufacturer shall provide information to equipment manufacturers regarding how to mitigate
hazards and, in the case of direct sales, to end-users. For example, if the battery system needs
the end device to provide protection devices and/or controls, the end device manufacturer shall
provide details of these protection devices that need to be provided in the installation
information for the battery system. It is the responsibility of the end-device manufacturer to
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inform end-users of the potential hazards arising from the use of the end-device containing the
battery systems.

11 Marking and designation

Refer to Clause 5 of IEC 62620:2014.

12 Packaging and transport

Refer to-Anrnex-b-
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Annex A
(normative)

Operating region of cells for safe use

A.1 General

This annex explains how to determine the operating region of the cell to ensure the safe use of
the cell. This region is given to ensure the safe use of the cell and is defined as the operating
region. The operating reqgion is specified by the charging conditions such as the upper limit of
charg|ng voltage and cell temperature, which ensure the safety of cells.

The ¢ell manufacturers should stipulate the information on the operating region ih the
specification of cell in the safety precautions for the attention of the customers’such as the
manufacturers of battery packs and systems. A suitable protection device andfunction ghould
also he provided in the BMS for possible failure of the charging control.

The limits of the operating region are specified for minimum safety, @nd are different from the
charg|ng voltage and temperature to optimize the performance of.the’ cell such as cycle l|fe.

A.2 [Charging conditions for safe use

In order to ensure the safe use of cells, the cell manufacturers should set the upper limit |of the
voltage and the temperature of cell to be applied during charging. The cell should be chiarged
within|a predefined temperature range (standard temperature range) at a voltage not excgeding
the upper limit. The cell manufacturer may also,set a temperature range higher or lowef than
the stndard temperature range, provided that the safety measures, such as lowered charging
voltage, are taken. The operating region means such range of voltage and temperature where
the cgll can be used safely. The maximum charging current may also be set for the opefrating
regior.

The spme operating region can@pply to a newly developed cell, if it has the same ele¢trode
materjal, thickness, design, and*separator as the original cell, and less than 120 % of the|rated
capadity of the original cell: The new cell that meets these criteria can be considered as the
same|product series cell

A.3 |[Considerations on charging voltage

The chargingwoltage is applied to cells so as to promote the chemical reaction during charging.
Howeyer,lifsthe charging voltage is too high, excessive chemical reactions or side reaftions
occur| and the cell becomes thermally unstable. Consequently, it is most important that the
charging voltage Nnever exceeds the value speciiied by the cell manutacturer (1.e. the upper limit
charging voltage). When a cell is charged at a higher voltage than the upper limit charging
voltage, an 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 more easily occur than it does for cells charged in
the predefined operating region. Consequently, the cells shall never be charged at a higher
voltage than the upper limit charging voltage.

The upper limit charging voltage should be set by the cell manufacturer based on the verification
tests, 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 ions into the negative electrode active
material when the cell is charged at the upper limit charging voltage;
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— test results which verify that the cells charged at the upper limit charging voltage are tested
by the safety test in Clause 6 at the upper limit of the standard temperature range, and the

ac

A.4

ceptance criteria of each test are met.

Considerations on temperature

Charging produces a chemical reaction and is affected by temperature. The amount of side
reactions or the condition of the reaction products during charging is dependent on temperature.
Charging in low or high temperature ranges is considered to cause more side reactions, and is
of a higher level of severity from a safety viewpoint, than in the standard temperature range
where the upper limit charging voltage is safely applicable. Consequently, the charging voltage

and/of The charging current should be reduced from the upper limit charging voltage and
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um charging current in both the low temperature range and the high temperature-r,

High temperature range

a cell is charged at a higher temperature than the standard temperature range, the
mance of the cell tends to decrease due to lower stability of the crystalline structure
high temperature range, the thermal runaway tends to occureven with small chan
rature.

esult, the charging of cells in the high temperature range should be controlled as fog

en the surface temperature of the cell is within the\high temperature range specif
b cell manufacturer, specific charging conditiansy such as lower charging voltag
rrent, are applied;

en the surface temperature of cell is higherthan the upper limit of the high tempe
nge, the cell should never be charged uader any charging current.

Low temperature range

a cell is charged in the low.temperature range, the mass transfer rate decreases a
h ion insertion rate into the negative material becomes low. Consequently, metallic |
y to deposit on the negative electrode surface. In this condition, the cell beg
plly unstable and liable to become overheated and to cause the thermal runaway.

low temperatureSrange, the acceptance of lithium ions is highly dependent o
rature. In a lithium’ battery system that consists of multi-cells in a series connectio
h ion acceptability of each cell differs depending on the cell temperature, which re
fety of battery system.
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the cell manufacturer, specific charging conditions, such as lower charging voltage and

cu

rrent, are applied;

— when the surface temperature of the cell is below the lower limit of the lower temperature
range, the cell should never be charged under any charging current.
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Discharging conditions for safe use

The main parameters to ensure safety during discharging are voltage, current, and temperature.
Voltage should always be above the lower limit discharging voltage of the cell. Current should
never exceed the maximum current specified by the cell manufacturer. The temperature should
always be within the temperature limits (low and high limits). The cell voltage should be
controlled above the lower limit discharging voltage of the cell to avoid unexpected critical
failure. In addition, a cut off voltage above the lower limit discharging voltage is specified by
the cell manufacturer in order to keep a proper margin for the cell operating region and to

optim

A.8

Figurg A.1 illustrates a typical example of an operating region for charging. In-a‘tempe

range

provided that a lower charging voltage and/or current are used. The operating range ¢
specified with a step shape which is shown in Figure A.1, or with diagofal lines. Figu

illustr
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Figufre A.2 — An example of operating region for discharging of typical lithium ion cells
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Annex B
(informative)

Procedure of propagation test by laser irradiation (see 7.3.3)

B.1 General

2022

This annex gives an example method for the 7.3.3 propagation test by laser. The testing entity
should contact the cell or battery system manufacturer to get a detailed procedure for the cell
thermal runaway.

NOTE | The purpose of this test is not an evaluation of a single cell but an evaluation of propagation beha
the bafjtery system. Therefore, the following methods which create thermal runaway do not simulate
short-c|rcuit of the cell, but a propagation trigger.

B.2

B.2.1 Cell test (preliminary test)

1)
2)

3)

4)

Test conditions

The cell is fully charged according to the manufacturer specified)Conditions.

Pllace thermocouples onto the cell to measure the surface/temperature. It is better {
ultiple thermocouples for redundant data acquisition.

N

Fiix the cell onto the test bench (see Figure B.1). The’irradiation point on the cell sho
determined by considering the structure of the battesy system supplied in the main tg
T
p

r

he laser irradiation program and its work should be set and confirmed. It is bef
fepare covers to prevent damage to laser.systems when the cell enters into th
naway and vent.

repare and set the measurement equipment for the cell temperature measurement,

et the ambient temperature at 25°C £ 5 °C. The temperature controller such

iour of
nternal

O use

ld be
bst.

ter to
ermal

etc.

AS air

cpnditioning system should have the ability to maintain the ambient temperature until the

cell temperature reaches the maximum temperature.

Inradiate the cell with the:laser at the determined point. Measure the cell tempe
cpntinuously from the irradiation start to the observation end.

tdrned off (see Figure 'B.2).

bserve the cell/temperatures and appearance until the cell temperature decr
ehough for safe*handling.

eview thieytemperature profile to confirm the thermal runaway event.

e celNest should be repeated 3 times. If thermal runaway is confirmed on each tes
thedsame conditions, go to the battery system test with the same irradiation conditio

rature

hen rapid temperature increase is observed due to cell thermal runaway, the laser is

gases

t with
.

NOTE 1 The laser type can be chosen from material process lasers such as cutting, welding or hardening
are the CO2 laser, YAG laser, semiconductor laser, disk laser, fibre laser, and so on.

. There

NOTE 2 The laser parameters are set such that the cell enters the thermal runaway within 10 min because longer
irradiation can cause unnecessary heat-up of surrounding cells and/or battery system.

The test should be performed in a well-ventilated environment to avoid vent gas effects from
the cell.
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Figure B.1 — Example of the test layout

T

Laser turn off

B.2.2| Battery system test (main test)

1) THebattery system is fully charged according to the manufacturer specified condition

IEC

Figure B.2 — Example of typical temperature trend of the cell

S.
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use multiple thermocouples for redundant data acquisition.

ter to

3) Fix the battery system onto the test bench. The laser path should be considered prior to
testing and the irradiation point on the target cell should be the same or similar as that on

the cell test.

4) The laser irradiation program and its work should be set and confirmed. It is better to prepare
covers to prevent damage to the laser systems when the target cell enters into thermal

runaway and vents.

5) Prepare and set the measurement equipment for cell temperature measurement, etc.

6) Set the ambient temperature at 25 °C £ 5 °C. The temperature controller such as an air
conditioning system should have the ability to maintain the ambient temperature until the

target cell temperature reaches the maximum temperature.
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7) Irradiate the target cell with the laser at the determined point. Measure the cell's temperature
continuously from irradiation start to observation end.

8) When rapid temperature increase due to cell thermal runaway is observed, the laser is
turned off.

9) Observe the cell's temperatures and the battery system appearance for a minimum of 1 h.
It is better to observe them until the cell's temperature decreases enough for safe handling.

The test should be performed in a well-ventilated environment to avoid vent gas effect from the
target cell and/or the other cells.
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Annex C
(informative)

C.1 General

Procedure of propagation test by methods other than laser (see 7.3.3)

The method for developing a thermal runaway of the cell is by using a laser as described in
7.3.3 and Annex B. However other methods can be chosen from the candidate methods

identified in Clause C.3 below. The testing entity should contact the cell or battery system

manufacturer to get a detailed procedure for the cell thermal runaway.

NOTE | The purpose of this test is not an evaluation of a single cell but an evaluation of propagation behaviouf inside

the battery system. Therefore, the following methods which create thermal runaway do not simulate internal short-

circuit of the cell, but a propagation trigger.

C.2 [Test conditions

1) THe battery system is fully charged according to the manufacturer=-recommended cond|tions.

2) One cell in the battery system (hereafter called target cell) isjintended to be entered into
th}rmal runaway as a trigger of the test. When the batterysystem contains three or|more
cellls, end cells in the battery system configuration may not be chosen as the target cqll, i.e.
the target cell has at least two other cells nearby.

3) This test can be carried out with a specially preparedvsample, which may have a heatgr or a
hqgle for nail penetration provided for ease of testing. However the special feature prqvided
fof ease of testing should not affect the heat diffusion of the battery system.

C.3 |Methods for initiating the thermal-runaway

Methqds for initiating the thermal runaway can include the following.

1) Heating
THe target cell is heated by the following methods. Each method should heat only the target
cell. The heat source should be turned off when the target cell is entered into tHermal
ruhaway.

— | Heating by heater
— | Heating by.burner
— | Heating by inductive heating

2) Oyercharge
THeStarget cell is overcharged with the manufacturer-recommended conditions until the
ta yct bc” ;D UlltclcuI iIItU t:lclllld: rdrfawdy. Ally Ut:IUI bU“D ill t:lc IUdttUly bybtUlll D:Id“ nOt

3)

4)
5)

be overcharged. If the cell is designed to have a current interrupt device (CID), a cell whose

Cl

D was altered to be non-functional may be used.

Nail penetration of the cell

The target cell is penetrated with a nail to create a short circuit between the positive and
negative electrodes. The nail may be heated prior to the test.

Combination of the methods in 1) to 3) above.

Other method(s) which are determined to be appropriate method(s) by theory and supporting
data.
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Annex D
(informative)

Packaging and transport

The goal of packaging of secondary cells and battery systems for transport is to prevent
opportunities for short-circuit, mechanical damage and possible ingress of moisture. The
materials and packaging design should be chosen so as to prevent the development of
unintentional electrical conduction, corrosion of the terminals and ingress of environmental
contaminants.

Lithium ion cells, modules, battery packs, and battery systems are regulated by the Interngtional
Civil Aviation Organization (ICAO), the International Air Transport Association{lATA]), the
International Maritime Organization (IMO) and other international organizations and/or
goverpnment agencies.

Reguliations concerning international transport of secondary lithium batteries are based ¢n the
UN R¢commendations on the Transport of Dangerous Goods. Testing requirements are defined
in the|lUN Manual of Tests and Criteria. As regulations are subject to.change, the latest editions
shouldl be consulted.

For rgference, transportation tests are also given in IEC 62281
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AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation*cor
de |'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC, a-pour o
favpriser la coopération internationale pour toutes les questions de normalisation dans, les domai
I'élgctricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internati
des| Spécifications techniques, des Rapports techniques, des Spécifications accessibles au“public (PAS
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a@es comités d'étud
trayaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organi
intdrnationales, gouvernementales et non gouvernementales, en liaison avec I}EC) participent égalem
trajaux. L'IEC collabore étroitement avec |'Organisation Internationale de(Noarmalisation (ISO), sel
conditions fixées par accord entre les deux organisations.

Les| décisions ou accords officiels de I'lEC concernant les questions techfiiques représentent, dans la me
ible, un accord international sur les sujets étudiés, étant donné que.les Comités nationaux de I'lEC inté
représentés dans chaque comité d’études.

Publications de I'lEC se présentent sous la forme de regcemmandations internationales et sont 3
me telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qu
sure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue respons
I'éventuelle mauvaise utilisation ou interprétation qui en est\faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans {
megure possible, a appliquer de fagon transparentedes’Publications de I'lEC dans leurs publications nat
et fégionales. Toutes divergences entre toutes PRublications de I'IEC et toutes publications nationg
réglonales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

L'IHC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indép¢g
foufnissent des services d'évaluation de, conformité et, dans certains secteurs, accédent aux marq
confformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certi
ind¢pendants.

Toys les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publicatio

Audune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mand
y cobmpris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux d
pouyr tout préjudice causé\en cas de dommages corporels et matériels, ou de tout autre dommage de ¢
natyire que ce soit, dirécte“ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dé
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La Norme internationale IEC 62619 a été établie par le sous-comité 21A: Accumulateurs
alcalins et autres accumulateurs a électrolyte non acide, du 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 2017. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) de

nouvelles exigences pour les piéces mobiles;

b) I'ajout d'exigences pour les parties actives dangereuses;

c) l'ajout d'exigences pour la conception du systéme de batterie;

d) de
e) de

nouvelles exigences relatives au verrouillage systéme;

nouvelles exigences relatives a la CEM;

f) l'ajout de la procédure d'essai de propagation par laser.

Le tex

Le raf
about

La lan

Le présent document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été dévsg

selon

sous Wwww.iec.ch/members_experts/refdocs. Les priacipaux types de documents dével
par I'lEC sont décrits plus en détail sous www.iec.¢h/standardsdev/publications.

Le co

docun

e e
e SuU
e e

e an

te de cette Norme internationale est issu des documents suivants:
Projet Rapport de vote
21A/785/FDIS 21A/787/RVD

port de vote indiqué dans le tableau ci-dessus donne toute information sur le vote
a son approbation.

gue employée pour I’élaboration de cette Norme internationale est I’anglais.

les Directives ISO/IEC, Partie 1 et les DirectivestSO/IEC, Supplément IEC, dispo

hent recherché. A cette date, le doetiment sera

conduit,
pprimé,
mplacé par une édition tévisée, ou

nendé.

ayant

loppé
nibles
Dppés

Mmité a décidé que le contenu du présent\document ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatiyf

eSs au

IMP(
publ
bonr
ce d¢

DRTANT ~‘Le logo “colour inside” qui se trouve sur la page de couverture de
cation_indique qu'elle contient des couleurs qui sont considérées comme utiles 3
e compréhension de son contenu. Les utilisateurs devraient, par conséquent, impi
bcument en utilisant une imprimante couleur.

cette
une
imer



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=14fe4fae0e8b7cd1ef9c3e9dbc9ca1f3

- 44 — IEC 62619:2022 © IEC 2022

ACCUMULATEURS ALCALINS ET AUTRES ACCUMULATEURS
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EXIGENCES DE SECURITE POUR LES ACCUMULATEURS AU LITHIUM

1 D

Le pr
sécur

POUR UTILISATION DANS DES APPLICATIONS INDUSTRIELLES

omaine d’application

bsent document specifie les exigences et les essais pour le fonctionnement en
té des accumulateurs au lithium utilisés dans des applications industrielles, y comp

appligations stationnaires.

Lorsq
exige

L'il existe une Norme internationale IEC qui spécifie des conditions, d'essai ¢
nces pour des éléments destinés a des applications particuliéres, et qui €

contradiction avec le présent document, la publication particuliére est appliquée en priorit

exem

Ci-ap
dans

ble, la série IEC 62660 sur les véhicules routiers).

es figurent des exemples d’applications qui emploient les,éléments et les batteries
e domaine d’application du présent document :

e applications stationnaires: télécommunications, alimentation sans interruption
syistéme de stockage d'énergie électrique, sélecteur de service, alimentation de seco
applications similaires;

e applications mobiles: chariot élévateur a fourche, voiturette de golf, véhicule a gy
adtomatique (AGV, automated guided vehicle), véhicules ferroviaires et mari
I'exclusion des véhicules routiers.

Etant

donné que le présent document couvre les batteries destinées a différentes applic

indusfrielles, il inclut les exigences_qui sont communes et minimales pour les diffés
applidations.

La sdcurité électrique est incluse uniquement dans le cadre de l'analyse des risqu

I'Artic

e 8. Concernant les ‘informations détaillées en matiére de sécurité électrique,

nécegsaire de prendre_en“considération les exigences normalisées relatives a l'appli

finale

Le pr

bsent document s'applique aux éléments et aux batteries. Si la batterie est divis

unitéq plus petites, I'unité plus petite peut étre soumise a I’essai pour représenter la ba

Le fah
prése

htes.dans la batterie finale, a I'unité soumise a I'essai.

toute
ris les

t des
st en
e (par

nclus

ASI),
urs et

idage
ns, a

ations
entes

bs de
il est
cation

Ee en
tterie.

ricant-déclare clairement I'unité soumise a I’essai. Il peut ajouter des fonctions, qyi sont

Le présent document traite de la premiére vie des éléments et des batteries. La réutilisation, la
réaffectation, l'utilisation dans le cadre d'une seconde vie ou d'autres utilisations similaires ne
sont pas prises en considération dans le présent document.
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2 Reéférences normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
I'édition citée s'applique. Pour les références non datées, la derniére édition du document de
référence s'applique (y compris les éventuels amendements).

IEC 62133-2:2017, Accumulateurs alcalins et autres accumulateurs a électrolyte non acide —
Exigences de sécurité pour les accumulateurs portables étanches, et pour les batteries qui en
sont constituées, destinés a I'utilisation dans des applications portables — Partie 2: Systéemes

au lithium

IEC 6p620:2014, Accumulateurs alcalins et autres accumulateurs a électrolyte nof.agide —
Eléments et batteries d'accumulateurs au lithium pour utilisation dans les (applications
industrielles

Guidg ISO/IEC 51, Aspects liés a la sécurité — Principes directeurs pour les linclure dans|les
normes

3 Tpermes et définitions

Pour |es besoins du présent document, les termes et définitions du Guide ISO/IEC 51| ainsi
que lgs suivants, s'appliquent.

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

e |ELC Electropedia: disponible a I'adresse ‘hitp://www.electropedia.org/

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

3.1

séculjité

abserjce de tout risque inacceptable

3.2

risqu

combrnaison de la probabilité de la survenue d’'un dommage et de sa gravité

[SOU

3.3
dom

RCE: Guide-ISO/IEC 51:2014, 3.9, modifié - suppression de la Note 1 a l'article.]

’environnement

[SOURCE: Guide ISO/IEC 51:2014, 3.1]

3.4

danger
source potentielle de dommage

[SOURCE: Guide ISO/IEC 51:2014, 3.2]
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3.5

utilisation prévue

utilisation d'un produit, procédé ou service conformément aux spécifications, aux instructions
et aux informations données par le fournisseur

3.6

mauvais usage raisonnablement prévisible

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

[SOURCE: Guide ISO/IEC 51:2014, 3.7, modifié - "ou systéme" a été remplacé par "procédé

hction
d’iong lithium ou des réactions d’oxydoréduction du lithium entre |électrode négative et
I’électrode positive

Note 1|a I'article: L’élément comprend généralement un électrolyte qui est généralement constitué d’un cqmposé
de sel de lithium et de solvant organique sous forme liquide, gel ou solide{et posséde un boitier en méta| ou en
stratifig. 1l est impropre a l'utilisation pour une application, car il n’est pas encore équipé de son habillage final, ni
de ses|bornes et de dispositif de contrdle électronique.

3.8
bloc ¢d’éléments
groupe d’éléments connectés ensemble en parallele avec ou sans dispositif de protgection
(fusible ou dispositif a coefficient de température positif (CTP), par exemple) et circhit de
survelllance

Note 1[a I'article: Le bloc d’éléments est improprea’l’utilisation pour une application, car il n’est pas encore|équipé
de son|habillage final, ni de ses bornes et de dispositif de contrdle électronique.

3.9
module
groupg d’éléments connectés ensemble en série et/ou en paralléle avec ou sans disposijtif de
protegtion (fusible ou dispositif a coefficient de température positif (CTP), par exemple) et gircuit
de sufveillance

3.10
groupe batteries
dispositif de stockage de I'énergie, qui comprend un ou plusieurs éléments ou modules|reliés
électrlquement et inclut des circuits de surveillance qui fournissent des informations (par
exemple; la) tension d’'un élément) a un systéme de batterie pour améliorer la sécurillé, les

perfoimances et la durée de vie en service de la batterie

Note 1 a l'article: Le groupe batteries peut comporter un boitier de protection et étre équipé de bornes ou autres
dispositions d’interconnexion.

3.11

systéme de batterie

batterie

systeme composé d'un ou plusieurs éléments, modules ou groupes batteries et inclut un
systéme de gestion de batterie capable de contrdler le courant en cas de surcharge, de
surintensité, de décharge excessive et de surchauffe

Note 1 a I'article: La coupure aprés décharge excessive n'est pas obligatoire en cas d'accord entre le fabricant de
I'élément et le client.
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Note 2 a l'article: Le systeme de batterie peut étre équipé d'unités de refroidissement ou de chauffage. Plusieurs
systémes de batteries peuvent constituer un autre systéme de batterie plus important. Le systéme de batterie est
parfois également appelé batterie.

3.12

systéme de gestion de batterie

BMS

systeme électronique associé a une batterie capable de contrbler le courant en cas de
surcharge, de surintensité, de décharge excessive et de surchauffe et qui surveille et/ou gére
son état, calcule les données secondaires, signale ces données et/ou contrdéle son
environnement afin d’influencer la sécurité, les performances et/ou la durée de vie en service
de la batterie

Note 1[a I'article: La coupure aprés décharge excessive n'est pas obligatoire en cas d'accord entre le fabricant de
I'élémept et le client.

Note 2|a I'article: La fonction du BMS peut étre attribuée a un groupe batteries ou au matériel qui utilise la bpatterie.
(Voir I Figure 6.)

Note 3fa I'article: Le BMS peut étre divisé et peut se trouver partiellement dans le groupe/battéries et sur le matériel
qui utilise la batterie. (Voir la Figure 6.)

Note 4|a l'article: Le BMS est parfois également appelé BMU (battery management unit - unité de gestion de
batteriq).

Note 5fa l'article: L’abréviation “BMS” est dérivée du terme anglais développécorrespondant “battery management
system/.

3.13
fuite
perte lvisible d'électrolyte liquide

3.14
échappement de gaz
libération de pression interne excessive d'un élément, d'un module, d'un groupe batteries ou
d'un gystéme de batterie congue pour prevenir la rupture ou I'explosion

3.15
ruptuye
défaillance mécanique d'un bac d'élément ou d'un bofitier de batterie induite par une fause
interne ou externe, qui conduit a une exposition des matériaux ou a I'échappement de liguide,
mais pon a une éjectionde matériaux

3.16
explosion
défaillance gui-se produit lorsqu'un bac d'élément ou un boitier de batterie s'ouvre violemment
et que lesrcomposants solides sont éjectés de maniére violente

ST T [T il ’ PR B 1 Z " }
NOte 1 a 1T dartcic. UUTTYUIuUT, Ul yaZ ©UUT 1d TUTTICT SUTTLU TALUIUS.

3.17

feu

émission de flammes d'un élément, d'un module, d'un groupe batteries ou d'un systéme de
batterie pendant plus d’'une seconde.

Note 1 a I'article: Les étincelles et la production d’arcs électriques ne sont pas considérées comme des flammes

3.18

capacité assignée

valeur de la capacité d'un élément ou d’une batterie déterminée dans des conditions spécifiées
et déclarées par le fabricant
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Note 1 a I'article: La capacité assignée est la quantité d'électricité C, Ah (ampéres-heures) déclarée par le fabricant,

qu'un élément individuel ou une batterie est capable de restituer en n h aprés charge, repos et décharge, dans les
conditions spécifiées en 6.3.1 de I'lEC 62620:2014.

[SOURCE: IEC 60050-482:2004, 482-03-15, modifié — Ajout de la Note 1 a I'article.]

3.19

limite supérieure de la tension de charge

<de I'élément> tension de charge la plus élevée dans la plage de fonctionnement de I'élément,
spécifiée par le fabricant de I'élément

3.20
limitel inférieure de la tension de décharge
<de I'¢lément> tension de décharge la plus basse dans la plage de fonctionnement de.l'élément,
spécifiée par le fabricant de I'élément

3.21
courgnt de charge maximum
<de I}Iément> courant de charge le plus élevé dans la plage de fonctionnement de I'élément,
spécifiée par le fabricant de I'élément

3.22
cour}nt de décharge maximum

<de I'¢lément> courant de décharge le plus élevé dans la plage de fonctionnement de I'élément,
spécifiée par le fabricant de I'élément

3.23
embaljlement thermique
accrolssement important et incontrélé de la température d’un élément entrainé par une réaction
exothermique

4 Tplérances de mesure relatives aux parametres

L’exa¢titude globale des valeurs(contrélées ou mesurées, par rapport aux parameétres spgcifiés
ou réegls, doit respecter les talérances suivantes:
a) +0,5 % pour la tensijon;

b) +1 % pour le courant;

c) ¥4°C pour laitempérature;

d) +0,1 % paourie temps;

e) *
f)

1 %  pour la masse;
1

I+

%</ pour les dimensions.

Ces tolérances comprennent I'exactitude combinée des appareils de mesure, des techniques
de mesure utilisées et de toutes les autres sources d'erreur liées a la méthode d'essai.

Les informations détaillées relatives aux appareils utilisés doivent étre fournies dans chaque
rapport de résultats.
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5 Considérations générales de sécurité

5.1 Généralités

La sécurité des éléments et des systémes de batteries d’accumulateurs au lithium exige la prise
en considération de deux ensembles de conditions d’utilisation:

1) utilisation prévue;

2) mauvais usage raisonnablement prévisible.

Les éléments et les systémes de batteries doivent étre congus et construits de maniére telle
QU'”S sotent—stirs—dans—tes—condittons—d'utittsation plévuc et—dans—tes—conditions—dermmauvais
usagq raisonnablement prévisible. Par ailleurs, les éléments et les systémes degbafteries
utiliséls dans les conditions d’utilisation prévue doivent non seulement étre sirs, mais dpivent
aussilcontinuer a étre fonctionnels en tous points.

Il est pdmis que les éléments ou systémes de batteries soumis a un mauvais’ usage pujssent
étre dgfaillants. Toutefois, méme si ce type de situation se produit, ils ne deivent pas présenter
de dapgers significatifs.

Les dangers potentiels qui font I'objet du présent document sont;

a) leffeu;

b) I'éclatement/I'explosion;

c) une fuite de I'électrolyte d'un élément;

d) I'échappement de gaz qui produit en continu des gaz et/ou de la fumée inflammables| et/ou
toxiques;

e) lajrupture du boitier de I'élément, du module, du groupe batteries ou du systéme de batterie
aviec exposition des composants internes.

La cgnformité aux spécifications de 531 a) et b) est vérifiée par les essais de I'Art|cle 6,
I’Article 7 et du 8.2, et conformément.a la norme appropriée (voir I'Article 0). La conformité aux
spécifications de 5.1 c) a e) et’de 5.2 a 5.6 est vérifiée par les analyses des documents
mentipnnées en 8.1.

Les parties mobiles potentiellement dangereuses pour I'homme doivent bénéficier [d’'une
conception adaptée et des mesures nécessaires afin de réduire le risque de blessufes, y
complis les blessures_qui peuvent étre subies lors de I'installation, au cours de I'intégratign des
élémgnts ou des systémes de batteries a I'équipement.

5.2 |Isolement et cablage

blage interne et son isolement doivent étre suffisants pour satisfaire aux exiggnces

L o ’ , ettt ; e La
conception du cablage interne doit étre telle que les distances adéquates d'isolement et les
lignes de fuite soient maintenues entre les conducteurs et les parties actives soumises a
différentes tensions ou entre les parties actives et les parties qui ne sont pas sous tension. Les
parties actives dangereuses du systéme de batterie doivent étre protégées afin d’éviter tout
risque de choc électrique, y compris lors de I'installation.

L'intégrité mécanique de I'ensemble du systéme de batterie (élément/module/BMS) et de ses
connexions doit étre suffisante pour satisfaire aux conditions de mauvais usage
raisonnablement prévisibles.
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5.3 Echappement de gaz

Le boitier d'un élément, d'un module, d'un groupe batteries et d'un systéme de batterie doit
intégrer un mécanisme de libération de pression qui prévient toute rupture ou explosion. Si le
surmoulage est utilisé pour maintenir les éléments dans un boitier extérieur, le type de matériau
et la méthode de surmoulage ne doivent entrainer ni une surchauffe du systéme de batterie en
fonctionnement normal, ni le blocage du mécanisme de libération de pression.

5.4 Gestion de la température, de la tension et du courant

La conception des systémes de batteries doit étre de nature a prévenir tout échauffement
anor : i i & imi i urant
et de ftempérature spécifiées par le fabricant de I'élément. Les systemes de batteries \dpivent
compagnés de spécifications et d'instructions de charge pour les fabricants de\matériel,
de fagon a concevoir les chargeurs associés en maintenant la charge dans les limites)spégifiées
de terjsion, de courant et de température.

5.5 |[Contacts des bornes du groupe batteries et/ou du systéme de batterie

Les bjornes doivent avoir un ou des marquages clairs de polarité supla surface exterhe du
groupg batteries ou du systéme de batterie.

Les groupes batteries avec connecteurs extérieurs a détrompéurcongus pour étre connegtés a
des pfroduits finaux spécifiques n'ont pas besoin de portefrde marquages de polarit§ si la
conception du connecteur extérieur empéche les connexions avec inversion de polarité.

La tallle et la forme des contacts des bornes doivent permettre de transporter le courant
maximal prévu. Les surfaces de contact des bornes externes doivent étre constituéps de
matérjaux conducteurs, avec une bonne résistance mécanique et une bonne résistance a la
corrogion. Les contacts des bornes doivent étre disposés de maniére a réduire le plus pofgsible
le risque de court-circuit (d0 par exemple &des outils en métal). La conformité est déterminée
en réglisant une revue des spécificationsédes bornes.

5.6 |Assemblage d'éléments,.de modules ou de groupes batteries dans des systémes
de batteries

5.6.1 Généralités

L’ass¢mblage d’éléments, de modules ou de groupes batteries qui constituent un systéme de
batterje doit respecterles régles suivantes afin d’assurer un support adéquat d’atténuatign des
risqugs dans le systéme de batterie:

e chiaque systéme de batterie doit présenter une ou des méthodes de commande [et de
prptection indépendantes;

NQTE Pour de plus amples informations sur les méthodes de commande et de protection indépenflantes,
voir 8.2.

o le fabricant d'éléments doit donner des recommandations concernant les limites de courant,
de tension et de température. Il convient également qu’il fournisse des conseils concernant
le montage, le stockage et le nombre maximal d'éléments qu’il est possible d’installer en
série (pour la protection interne d’éléments, comme le dispositif d'interruption du courant
(CID — current interrupt device) pour permettre au fabricant/concepteur du systéme de
batterie d’assurer une conception et un assemblage convenables;

o les systémes de batteries congus pour la décharge sélective d'une partie de leurs éléments
connectés en série doivent comporter des circuits séparés qui permettent d’éviter I'inversion
des éléments provoquée par une décharge inégale;

e il convient d'ajouter, si nécessaire, des composants aux circuits de protection et de tenir
compte de I'application du dispositif final.
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5.6.2 Conception du systéme de batterie

La fonction de réglage de tension de la conception du systéme de batterie doit garantir que la
tension de chaque élément ou bloc d'éléments ne doit pas dépasser la limite supérieure de la
tension de charge spécifiée par le fabricant des éléments, sauf dans le cas ou les dispositifs
finaux assurent la fonction de réglage de tension. Dans ce cas, les dispositifs finaux sont
considérés comme partie intégrante du systéme de batterie. Voir les Notes 2 et 3 en 3.12.

La batterie doit étre congue de sorte que le courant de charge maximum ou le courant de
décharge maximum de I'élément ne soit pas dépassé avant que la batterie n’atteigne le courant
de charge ou de décharge maximum admis.

5.7 |Plage de fonctionnement des éléments et systémes de batteries au lithium-pour
une utilisation en toute sécurité

systée de batterie doit concevoir le systéme de batterie en fonction\ dé la plage de
fonctipnnement de I'élément. La détermination de la plage de fonctionnement de I'élément est
confofme a I’Annexe A.

Le fahricant de I'élément doit spécifier la plage de fonctionnement de I'élément:Le fabric§nt du

5.8 [Verrouillage systéme (ou fonction de verrouillage systéme)

Le systéme de batterie doit disposer d’une fonction sansvréarmement pour arréfer le
fonctipnnement lorsqu’un ou plusieurs éléments dans le systéme de batterie s’écartent|de la
plage|de fonctionnement en cours de fonctionnement. Cette fonction ne doit pas pouvolr étre
réalisge par l'utilisateur ou permettre une réinitialisation automatique.

La fopction du systéme de batterie peut étre relancée aprés avoir vérifié que le stajut du
systéme de batterie est conforme au manuel dwfabricant du systéme de batterie, c’est-a-dire,
que lg manuel d’entretien du systéme de batterie doit clairement mentionner cette procédure.

En fopction de I'application, un systéeme-de batterie peut permettre une décharge finalg, par
exemple, pour assurer des fonctions, d’'urgence. Dans ce cas, les limites de I'élément (par
exemple, limite inférieure de la.tension de décharge ou limite supérieure de tempérpture)
peuvgnt varier dans la plage assurant que I'’élément ne provoque pas de réactions dangerguses.
Par conséquent, le fabricant de 1’élément doit indiquer un deuxiéme ensemble de limites|selon
leque| I'élément dans le systéme de batterie peut accepter une décharge sans réaftions
danggreuses. Il convientide ne plus recharger I’élément.

5.9 |Plan qualité

Le fabricant deysystémes de batteries doit préparer et mettre en ceuvre un plan qualité qui
définif les procédures d'examen des matériaux, des composants, des éléments, des mogdules,
des gfoupes batteries et des systémes de batteries, et qui couvre I'ensemble du procesgqus de
produgtion de chaque type d'élément, de module, de groupe batteries et de systeme de batterie
(par exemple, ISO 900T, efc.). IT convient que Tes fabricanis comprennent Teurs capacités de
traitement et il convient qu'ils mettent en place les contrbles de processus nécessaires
concernant la sécurité des produits.

6 Conditions des essais de type

6.1 Généralités

Un élément de systéme de batterie utilisé hors de sa plage de fonctionnement peut présenter
des dangers résultant des éléments ou des systémes de batteries. Ces risques doivent étre
pris en considération afin de préparer un plan d'essai sdr.
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Il convient que l'installation d'essai présente une intégrité de structure suffisante et soit équipée
d'un systéme d'extinction du feu de maniére a supporter les conditions de surpression et de feu
qui peuvent se produire du fait des essais. Il convient que l'installation soit équipée d'un
systéme de ventilation qui vise a éliminer et emprisonner les gaz qui peuvent étre produits
pendant les essais. |l convient de tenir compte, le cas échéant, des dangers de haute tension.

Mise en garde: CES ESSAIS UTILISENT DES METHODES QUI PEUVENT CONDUIRE A DES DOMMAGES SI
DES PRECAUTIONS 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 LES BRULURES, IL CONVIENT DE PRENDRE DES
PRECAUTIONS, CAR LES BOITIERS DE CES ELEMENTS OU DE CES SYSTEMES DE BATTERIES

PEUVENT DEPASSER 75 °C DU FAIT DE L'ESSAL.

6.2

Les e
le Ta
condif

Les éléments ou systéemes de batterie chargés selon la méthode spécifiée en 7.1 d

délivr
I''EC
jusqu’

Eléments soumis a I’essai

Esais sont effectués avec le nombre d'éléments ou de systémes de batteries spécifid
bleau 1, en utilisant des éléments ou des systémes de batteries, .stockés dan

br au moins la capacité assignée en cas de décharge a 25°C = 5 °C,
$2620:2014, 6.3.1, a un courant constant de 0,2 /A, selon I'lEC 62620:2014,

2 une tension finale spécifiée. Cette capacité¢speut étre confirmée lors de I'eX

dans
5 des

ions spécifiées par le fabricant de I'élément ou du systéme de battérie depuis moins de
six mois.

bivent
selon
6.3.1,

amen

d'expgdition du fabricant de I'élément. Dans le cas dun’systéme de batterie, la capacit¢ peut

étre ¢
du fal

Sauf
de 25

NOTE
comprg
souci d
mois.

alculée sur la base de la capacité de I'élément mesurée pendant I'examen d'expé
ricant de I’élément.

spécification contraire, les essais, sont effectués a une température am
°C +5 °C.

Les conditions d'essai s'appliquent’sedlement aux essais de type et n'impliquent pas que ['utilisation
nne un fonctionnement dans ces‘conditions. De la méme fagon, la limite des six mois est introduite d
e cohérence et n'implique pas’qué la sécurité de I’élément ou du systéme de batterie soit réduite ag

dition

Diante

prévue
ans un
rés six
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Tableau 1 — Effectif d’échantillon pour les essais de type

Eléments soumis a I’essai Unité d'essai
P Systéme de
Catégorie Essai E(Lzrir:ear;t batterie
(voir b et e)
7.2.1 Essai de court-circuit externe R -
7.2.2 Essai de choc R (voir c) -
7.2.3 Essai de chute R R
Essai de sécurité du 7.2.4 Essai de température abusive R -
nroduit
(sécurit'é de I'élément | 7-2.5 Essai de surcharge R (voir d) -
etqu systé_me de 7.2.6 Essai de décharge forcée R -
batterie)
7.3 Considérations | 7.3.2 Essai de court- | R* -
relatives au court- circuit interne
circuit interne -
(choisir I'une des 7.3.3 Essai de - R
deux options) propagation
Esdai de sécurité 8.2.2 Contréle de surcharge de la tension -
. f)r_1c't|onnelle‘ 8.2.3 Contréle de surcharge du courant -
(sécyrité du systéme
le batterie) 8.2.4 Contrdle de surchauffe - R

“R” = lexigé (au moins 1)
“R*” q exigé. Pour le nombre d'échantillons, voir 7.3.9 de I'lEC 62133+2:2017.

w o o

nutile ou non applicable

a Le fabricant peut utiliser des “blocs d'éléments” a la place.des “éléments” pour tous les essais qui spégifient
lep “éléments” comme étant les unités d’essai dans le présent document. Le fabricant déclare clairement ['unité
d’essai pour chaque essai.

b Si|le systéme de batterie est divisé en unités plus’petites, I'unité peut étre soumise a I'essai comme|étant
représentative du systéme de batterie. Le fabricant peut ajouter des fonctions, qui sont présentes dans le
sylsteme de batterie final, a I'unité soumise a{’essai. Le fabricant déclare clairement I'unité soumise a I'gssai.

¢ Elgment cylindrique ou bloc d'éléments=1 direction, élément parallélépipédique (incluant un élément| avec
bditier en stratifié) ou bloc d'éléments:"2directions.

d L'g¢ssai est réalisé avec des éléments ou blocs d’éléments de systemes de batteries équipés d'une commande
oy protection unique pour le réglage de la tension de charge.

e Silles bornes positives et négatives de la batterie ne sont pas accessibles, le fabricant est autorisé a medifier
I’§chantillon ou les échantillons de sorte que les bornes soient disponibles (par exemple, selon 7.2.1). La
mpdification doit étre_effectuée de sorte que les résultats de I’essai ne soient pas corrompus.

7 Exigences spécifiques et essais

71 Procédures de charge pour les besoins des essais

Avant la charge, I'élément ou le systéme de batterie doit étre déchargé a une température
ambiante de 25 °C £ 5 °C, a un courant constant de 0,2 ; A, jusqu'a une tension finale spécifiée.

Sauf indication contraire dans le présent document, les éléments ou les systémes de batteries
doivent étre chargés a une température ambiante de 25 °C + 5 °C, selon la méthode spécifiée
par le fabricant.

NOTE 1 Pour les essais, les courants de charge et de décharge reposent sur les valeurs de la capacité assignée
(C,, Ah). Ces courants sont exprimés sous la forme d'un multiple de /; A, ot: I, A = C, Ah/1 h (voir I'lEC 61434).

NOTE 2 Le systéme de batterie qui ne peut pas étre déchargé a un courant constant de 0,2 1, A peut I'étre au
courant spécifié par le fabricant.
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7.2.2 Essai de choc (élément ou bloc d'éléments)

a)

b)
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Mauvais usage raisonnablement prévisible

A1 Essai de court-circuit externe (élément ou bloc d'éléments)

Exigences

2022

Le court-circuit entre les bornes négative et positive ne doit provoquer ni feu ni explosion.

Essai
Les éléments totalement chargés sont stockés a une température ambiante de 25 °C +

5°C.

Chaque élément est ensuite mis en court-circuit en reliant les bornes positive et négative

avec une résistance externe totale de 30 mQ £ 10 mQ.
Les éléments doivent étre soumis a I'essai en continu pendant 6 h ou jusqu'a ce

ue la

température du boitier s'abaisse de 80 % de I'’échauffement maximal atteint, selon, ¢e qui

s¢| produit d'abord.
Crliteres d'acceptation
P3s de feu, pas d’explosion.

EXigences

Un impact sur I'élément tel qu'il est mentionné en 7.2.2 b) ne-doit pas provoquer de
d'éxplosion.

Egsai

L'¢lément ou le bloc d'éléments doit étre déchargé a un courant constant de 0,2 /; A, §
dd la capacité assignée.

L'¢lément ou le bloc d'éléments est placé sur un.sol plat en béton ou en métal. Une
en acier inoxydable de type 316, de 15,8 mmi\* 0,1 mm de diamétre et d'au moins 6
longueur ou de la dimension la plus.dongue de I'élément, selon la valeur Iz
portante, est placée au centre de I'élément ou du bloc d'éléments. Un poids rigi

9, kg est alors laché d'une hauteur de 610 mm £ 25 mm sur la barre placé
I'échantillon.

Un élément cylindrique ou parall€lépipédique doit étre soumis au choc, son axe longit

feu ni

50 %

barre
0 mm

plus
de de
e sur

Ldinal

étant paralléle au sol plat en-béton ou en métal et perpendiculaire a I'axe longitudinal de

I'arrondi de 15,8 mm de diameétre reposant au centre de I'échantillon d'essai. Un él
pdrallélépipédique doit également étre pivoté de 90 degrés sur son axe longitudin

ement
al, de

sorte que les co6tés large et étroit soient soumis au choc. Chaque échantillon doit étre

soumis a un seul ¢hoe, avec les échantillons séparés a utiliser pour chaque choc (
Figure 1).

Dans le cas d'un’ sol métallique, il convient d’éviter un court-circuit externe de I’élémg¢
dd bloc d’éléments avec le sol au moyen de mesures appropriées.

Lgs éléments poches sont soumis a I'essai comme des éléments parallélépipédiques

Cilitéres d'acceptation

oir la

ent ou

Pas de feu, pas d’explosion.
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CEE— Charge
Charge 9,1 kg
9,1 kg ) Charge /
/ 9,1 kg / /
/
/ Barre
Barre
Barre
— R B | Axe
- —_— \ longitudinal
Elément ”E’IIé:mer)td_ Elément
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Figure 1 — Configuration de I'essai de choc

7.2.3 Essai de chute (élément ou bloc d'éléments et systéme de batterie)

7.2.3.4 Généralités

L'essai de chute est réalisé sur un élément ou un bloc d'éléments et un systéme de batterie. La
méthode d'essai et la hauteur de chute sont déterminées par le poids de I'unité d'essai (voir le

Tableau 2).
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