BS ISO 6469-1:2019+A1:2022

Electrically propelled road vehicles —
Safety specifications

Part 1: Rechargeable energy storage system (RESS)

°
bSl o Documents

Document Sharing Hub

Full document details: BS ISO 6469-1:2019+A1:2022


https://doi.org/10.3403/BSISO6469?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022

IBS ISO 6469-1:2019+A1:2022 BRITISH STANDARD

National foreword

This British Standard is the UK implementation of
[SO 6469-1:2019+A1:2022. It supersedes BS ISO 6469-1:2009 and
BS 1SO 12405-3:2014], which are withdrawn

The start and finish of text introduced or altered by amendment is
indicated in the text by tags. Tags indicating changes to ISO text carry
the number of the ISO amendment. For example, text altered by ISO
amendment 1 is indicated by @ R

The UK participation in its preparation was entrusted to Technical
Committee PEL/69, Electric vehicles.

A list of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

© The British Standards Institution 2022
Published by BSI Standards Limited 2022

ISBN 978 0 539 05661 7
ICS 43.120

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 30 April 2019.

Amendments/corrigenda issued since publication

Date Text affected

31 December 2022  Implementation of ISO amendment 1:2022

Documents

Document Sharing Hub

Full document details: BS ISO 6469-1:2019+A1:2022


https://doi.org/10.3403/BSISO6469?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/BSISO6469?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/BSISO12405?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022

Full document details: BS ISO 6469-1:2019+A1:2022

BS IS0 6469-1:2019+A1:2022
INTERNATIONAL ISO

STANDARD 6469-1

Third edition
2019-04

Electrically propelled road vehicles —
Safety specifications —

Part 1:
Rechargeable energy storage system
(RESS)

Véhicules routiers électriques — Spécifications de sécurité —

Partie 1: Systéeme de stockage d'énergie rechargeable (RESS)

Reference number
ISO 6469-1:2019(E)

Documents

Document Sharing Hub
© IS0 2019


https://doi.org/10.3403/BSISO6469?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022

ISO 6469-1:2019+A1:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland Documents
.. Document Sharing Hub
11 © ISO 2019 - All rights reserved

Full document details: BS ISO 6469-1:2019+A1:2022


https://doi.org/10.3403/BSISO6469?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022

ISO 6469-1:2019+A1:2022(E)

Contents Page
FFOT@WOTM ........co e \Y
IIMEEO@ULCTION ... vi
1 S0P ... 1
2 NOIIMALIVE FEERIEIICES ...........ooo e 1
3 Terms and defiNITIONIS ... 1
4 GENETAl FEQUITE@IMEIITS............ccccooooiiiieeeeses s s
4.1 General electrical requirements.
4.2 General SAfELY FEQUITEIMEIIES ...
5 TeChNICAl F@QUIT@IMEIIES ...
5.1 MEChaANICAl TEQUITEITIEIITS .....oooooeeeeeeeeeie et
5.2 CHMALIC T@QUITEIMIETIES ...
5.2.1  Thermal shock cycling
5.3 Simulated vehicle accident TeQUITEMENTES . ...
5.3 1 VEIICIE CTash ..ot
5.3.2 Immersion into Water..........
5.3.3  EXposure to fire ...
5.4 Electrical requirements...........cceen
5.4.1 Isolation resistance............:
5.4.2  Clearance and creepage distance
5.4.3  ShOTt-CIrCUIL PrOTECHION ..o
5.5 FUNCLIONA] TEQUITEIMIEIITS ...
551  General ..
5.5.2  Overcharge protection...........
5.5.3  Overdischarge protection..............
5.5.4  Protection against internal overheating
5.6 Requirements for the emission of hazardous gases and other hazardous substances....... 10
5.7 Thermal propagation TEQUITEIMENES ... 10
57.1 GEIMETAL ..o sssse s 10
5.7.2  Safety performance 0f RESS..............ccoouoroimierosieoerssisseesssisseesssssesssssssssssssesssssssessssssssesssseesssssoesessssseesssseee e 10
6 TESE PIOCEAUITES ........ooocoo e 11
6.1 GENETAl LEST COMAITIONS ..ot 11
6.1.1  Testtypes and post-teSt ODSEIVATION ... 11
6.1.2  TESE PATAIMELET'S .....ooiioiieeiie oo 11
6.1.3  DUT requirements and preparation of the DUT for testing............ccone
6.1.4  Preconditioning of the DUT ...
6.1.5  StaNdard CYCLE [SC) e
6.1.6  Testing of general safety requirements
6.2 Mechanical teSt ...
0.2. 1 GEIIETAL oo
0.2.2  VIDTAEIOT ettt
6.2.3  Mechanical shock........
6.3 Climatic test ..
6.3.1  Thermal shock cycling......
6.4 Simulated vehicle accident tests
6.4.1  Vehicle crash......cee
6.4.2  IMMEISION INTO WALET ......oooiiiiiiiiiiiiiiieiiee it
6.4.3  EXPOSUTE T0 fIT€....ooooioi oo
6.5 Electrical test. ...
6.5.1  Shortcircuit.......ccccc
6.6 Functional tests ...
6.6.1  General procedures...
6.6.2  Overcharge protection
6.6.3  Overdischarge ProteCtion.......... e

6.6.4  Protection against internal overheating

] Document Sharin%Hub
© IS0 2019 - All rights reserved 1

Full document details: BS ISO 6469-1:2019+A1:2022


https://doi.org/10.3403/BSISO6469?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022

ISO 6469-1:2019+A1:2022(E)

6.7 Thermal propagation test

6.7.1  GOIIETAL ..o
6.7.2  Target cell selection

................................................................................................................................................... 25
6.7.3 TSt COMAILIONS. ..o 26
6.7.4  Evidence criteria of thermal runaway occurrence in target cell...........ccccin 26
6.7.5 Datarecording and measurement
6.7.6  Triggering of the DUT through an internal heater.........., 30
6.7.7  Triggering of the DUT through localized rapid external heating............ccccccceeene. 37
6.7.8  Triggeringofthe DUT throughnail penetration............. s 44
7 Guideline for demonstration of thermal propagation risk mitigation.............cn, 49
7.1 GEBIIETAL 49
T 0L PUIPOSE e 49
7012 METROAOIOZY ..o 49
7.2 Contents of safety case for thermal propagation of the RESS ... 50
7.2.1  Description of the lithium-ion RESS.........eeieeeeseees s 50
7.2.2  Operational description of functional UNitsS ..., 50
7.2.3  AllOCAtION PIOCEAUTE. ... 50
7.2.4  Data sources and qUality reqUIT€MENTS. ... 51
72,5 ASSUIMIPEIONIS e 51
7.2.6  Limitations Of @NalySiS. ... 51
7.3 Riskidentification and classifiCation. ... 51
7.3 1 GEIIETAL .o 51
7.3.2  METNOAOLOZY .o 51
7.3.3  Hazard analysis and risk assessment methodology ... 51
7.3.4  Documentation
7.4 RiSK Mitigation DY deSIZI. ...t 52
7.5 Risk mitigation by manufacturing CONTIOL..........iieieise s 52
7.6 Verification and Valid@tion ... 52
701 GOIIETAL .o 52
7.6.2  Verification and validation data..........ei e 53

7.6.3  Collecting data............cco
7.6.4  Calculating data........

7.6.5 Validation of data

7.6.6  Consolidation of verification and validation data. ... 53
7.6.7  COMPIELENESS CRECK .....ooocoe e 53
7.6.8  SENSIEIVITY CHECK ..o 53
7.6.9  CONSISEENCY CHECK ....ooiioi s 53
7.7 Reporting and safety case for thermal propagation of the RESS..........c 54
7.7.1  Additional requirements for a third-party report. ... 54
7.8 03 0 10 17=1 1 =17 1= 2O 54
7.8.1 =Y =) = | O 54
7.8.2  Critical review by internal or external @XPert. ... 55

Annex A (informative) Damage calculation

Annex B (informative) Example of the OEM specific test
Annex C (informative) DeScription Of the SCI@ETN ...
Annex D (informative) Example of internal heater report and presentation of results

Annex E (informative) Guidance for thermal cooling power estimation during thermal propagation test.......... 60

Annex F (informative) Examples of templates for safety case for thermal propagation of the RESS......61

Annex G (informative) Example template of 3rd party assessment (technical service).....
Bibliography

. Document Sharing Hub
v © ISO 2019 - All rights reserved

Full document details: BS ISO 6469-1:2019+A1:2022


https://doi.org/10.3403/BSISO6469?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022
http://www.avadocuments.com/doc/bs-iso-6469-1-2019-a1-2022

ISO 6469-1:2019+A1:2022(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso
.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC 37,
Electrically propelled vehicles.

This third edition cancels and replaces the second edition (ISO 6469-1:2009) and ISO 12405-3:2014,
which have been technically revised.

The main changes compared to ISO 6469-1:2009 and ISO 12405-3:2014 are as follows:

— test descriptions and requirements were reworked to include specific characteristics for lithium-
ion based battery systems;

— document was reworked to become a general safety standard for all RESS types; and

— almost all test procedures and descriptions as given in the previous versions of both documents
have been adapted to the latest technical developments.

Alist of all parts in the ISO 6469 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

With the rapid development of the electric vehicle industry, its core component, the rechargeable
energy storage system (RESS), has increasingly attracted attention, especially the safety
requirements of RESS have raised a large interest within the public. This document specifies the
general safety requirements for the RESS of electrically propelled road vehicles.

This document also focuses on the safety performance of the lithium-ion battery. One central safety
issue for lithium-ion battery systems is the potential for propagation of a thermal runaway event
due to a cell thermal failure. For this purpose, this document provides methods for testing thermal
runaway risk mitigation to support the development of vehicle and system safety concepts.

The document primarily provides a tool kit for vehicle and RESS manufacturers to evaluate their
product safety in terms of thermal propagation. It should enable RESS and/or vehicle manufacturers
to get a deeper knowledge of the system behaviour in case of an internal failure of a single cell.
Combined tests on cell and system level based on this document will provide comparable results
about the RESS safety.

Since it does not contain neither pass or fail criteria for thermal propagation, it is not foreseen to be
used for homologation purposes.
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Electrically propelled road vehicles — Safety
specifications —

Part 1:
Rechargeable energy storage system (RESS)

1 Scope

This document specifies safety requirements for rechargeable energy storage systems (RESS) of
electrically propelled road vehicles for the protection of persons.

It does not provide the comprehensive safety information for the manufacturing, maintenance and
repair personnel.

NOTE1 Requirements for motorcycles and mopeds are specified in ISO 13063 and [SO 18243

NOTE 2  Additional safety requirements can apply for RESS that can be recharged by means different from
supplying electric energy (e.g. redox flow battery).

2 Normative references

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.

Specifically, for lithium-ion based RESS, this document specifies demonstration methods for thermal
runaway risk mitigation in case of a cell failure leading to an internal short circuit, including the
collection of associated data. It also specifies a selection of different test methods for thermal
propagation. The selected tests can be carried out at vehicle level or for RESS and RESS subsystem if
appropriate.

ISO 6469-3, Electrically propelled road vehicles — Safety specifications — Part 3: Electrical safety

ISO 20653, Road vehicles — Degrees of protection (IP code) — Protection of electrical equipment
against foreign objects, water and access

IEC 60068-2-27 Environmental testing - Part 2-27: Tests — Test Ea and guidance: Shock

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1

bus

<vehicle type> vehicle designed and constructed for the carriage of passengers, comprising more than
eight seats in addition to the driver's seat, and having a maximum mass exceeding 5 t

3.2

capacity

total number of ampere-hours that can be withdrawn from a fully charged RESS (mﬂm‘tﬁ
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3.3
clearance
shortest distance in air between two conductive parts (3.4)

[SOURCE: [EC 60664-1:2007 3.2]

3.4
conductive part
part which can carry electric current

[SOURCE: [EC 60050-195:1998, 195-01-06]

3.5
creepage distance
shortest distance along a surface of a solid insulating material between two conductive parts (3.4)

[SOURCE: IEC 60050-151:2001/AMD1:2013, 151-15-50]

3.6

customer

party that is interested in using the RESS (3.22) or RESS subsystem (3.24) and therefore, orders or
performs the test

EXAMPLE Vehicle manufacturers.

[SOURCE: ISO PAS 19295:2016, modified — “voltage class B component or system” replaced by “RESS or
RESS subsystems and therefore, orders or performs the test”, EXAMPLE added]

3.7

electric chassis

conductive parts (3.4) of a vehicle that are electrically connected and whose potential is taken as
reference

[SOURCE: ISO 6469-3:2018, 3.12]

3.8

electric drive

combination of an electric traction motor, power electronics and their associated controls for the
conversion of electric to mechanical power and vice versa

[SOURCE: ISO 6469-3:2018, 3.13]

3.9
electrically propelled vehicle
vehicle with one or more electric drive(s) (3.8) for vehicle propulsion

[SOURCE: ISO 6469-3:2018, 3.15]

3.10

explosion

sudden release of energy sufficient to cause pressure waves and/or projectiles that can cause structural
and/or physical damage to the surrounding area

3.11
flammable electrolyte
electrolyte having a flash point of not more than 93 °C

Note 1 to entry: The determination of flash point is based on ISO 2592.

3.12
heavy-duty truck
vehicle designed and constructed for the carriage of goods and having a maximum mass exceeding 12 t
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3.13

isolation resistance

insulation resistance

resistance between live parts (3.16) of an electric circuit and the electric chassis (3.7) as well as other
electric circuits which are insulated from this electric circuit

[SOURCE: ISO 6469-3:2018, 3.23]

3.14

isolation resistance monitoring system

system that periodically or continuously monitors the isolation resistance (3.13) between live parts
(3.16) and the electric chassis (3.7)

[SOURCE: ISO 6469-3:2018, 3.24]

3.15
leakage
escape of liquid or gas except for venting (3.28)

3.16

live part

conductor or conductive part (3.4) intended to be energized in normal use, but by convention, not the
electric chassis (3.7)

[SOURCE: [EC 60050-195:1998, 195-02-19, modified — “including a neutral conductor” and Note 1 to
entry deleted and "a PEN conductor or PEM conductor or PEL conductor” replaced by "the electric
chassis"]

3.17
maximum operating temperature
highest value of the temperature at which the systems/components can be operated continuously

3.18

maximum working voltage

highest value of AC voltage (rms) or of DC voltage that can occur under any normal operating conditions
according to the manufacturer's specifications, disregarding transients and ripple

[SOURCE: ISO 6469-3:2018, 3.26]

3.19

medium-duty truck

vehicle designed and constructed for the carriage of goods and having a maximum mass exceeding 3,5 t
but not exceeding 12 t

3.20

midi bus

vehicle designed and constructed for the carriage of passengers, comprising more than eight seats in
addition to the driver's seat, and having a maximum mass not exceeding 5 t

3.21
overcurrent protection
protection intended to operate when the current is in excess of a predetermined value

[SOURCE: [[EC 60050-195:1998, 448-14-26]

3.22

rechargeable energy storage system

RESS

rechargeable system that stores energy for delivery of electric energy for the electric drive (3.8)

EXAMPLE Battery, capacitor, flywheel.
Documents
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3.23

RESS control unit

electronic device that controls functions of the RESS (3.22) and that provides communication between
the RESS (3.22) and other vehicle controllers

EXAMPLE Battery control unit.

3.24
RESS subsystem
any assembly of RESS (3.22) components which stores energy

3.25

rupture

loss of mechanical integrity of an enclosure resulting in openings not fulfilling protection degree IPXXB
according to ISO 20653

Note 1 to entry: Predetermined openings for venting are not considered as rupture.

3.26

state of charge

socC

available capacity (3.2) of an RESS (3.22) or RESS subsystem (3.24) expressed as a percentage of rated
capacity (3.2)

3.27
supplier
party that provides RESS (3.22) or RESS subsystem (3.24)

EXAMPLE RESS manufacturers.

[SOURCE: ISO PAS 19295:2016, modified — “voltage class B component or system” replaced by “RESS or
RESS subsystems”, EXAMPLE added]

3.28
venting
release of excessive pressure intended by design

3.29
voltage class
classification of an electric component or circuit according to its maximum working voltage (3.18)

Note 1 to entry: The classification to the voltage classes A, B and B2 is according to ISO 6469-3:2018
[SOURCE: ISO 6469-3:2018, 3.35, modified — Note 1 to entry added.]

3.30

water depth

w

water depth level a vehicle is designed for operation according to the vehicle manufacturer’s
specification

Note 1 to entry: The vehicle manufacturer may consider the local environmental conditions where the vehicle is
placed on the market.

3.31
functional unit
entity of hardware or software, or both, capable of accomplishing a specified purpose

[SOURCE: ISO/IEC 2382:2015, 2121310, modified — Notes to entry were removed.]

3.32
internal short circuit
isolation failure inside a cell

Note 1 to entry: Formation of internal short circuits in a single cell may have different causes. Thmeveriﬁ of
the internal short circuit depends on the nature of the short and what parts of the cell that are inv : ments
examples of potential causes of internal short circuit to consider are listed below: Document Sharing Hub
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— manufacturing defect involving foreign object debris (i.e. particles deposited on the electrode surfaces
during cell manufacturing);

— manufacturing defect due to misalignment of electrode active material and separator;
— separator pinholes and creasing;

— separator shrinkage;

— electronically conductive burrs;

— current collector insulation flaws;

— lithium metal deposition at charging due to intercalation limitations;

— copper corrosion and formation of copper dendrites during cell operation;

— mechanical deformation of the cell, e.g. denting of the cell packaging during manufacture or deformation of
the electrode coil or stack resulting from cycling.

3.33

operational design domain

specific operating domain(sin which the RESS (3.22is designed to operate, including but not limited
to voltage/SOC (3.26 range, current range, temperature range, environmental conditions, and other
domain constraints

3.34

safety case for thermal propagation of the RESS

argument that the safety requirements for the RESS (3.22 are complete and satisfied by evidence
compiled from the work product of the safety activities during development

Note 1 to entry: Safety case for thermal propagation (3.37) of the RESS means in this document that a logical
and hierarchical set of work products that describe risks in terms of hazards presented by the RESS in case
of an internal short circuit (3.32and the subsequent thermal energy release within the RESS, and which sets
expectations and guidance for future performance, if hazards are controlled successfully.

3.35
target cell
cell in which thermal runaway (3.38) is initiated

3.36

thermal event

condition (event which occurswhen the temperature within RESS (3.22rises significantly or is higher
than the maximum operating temperature (3.17 as defined by the supplier (3.27 or customer (3.6

Note 1 to entry: Depending on the situation (e.g. amount of heat generation compared to heat dissipation) a
thermal event may or may not lead to a thermal runaway (3.38).

3.37

thermal propagation

transfer of thermal energy generated from thermal runaway (3.38) of a single cell to adjacent cells, which
results in the thermal runaway of other cells in a RESS (3.22) or any assembly of RESS components

3.38
thermal runaway
heat generation caused by uncontrolled exothermic reactions inside the cell

4 General requirements

4.1 General electrical requirements

If not otherwise specified in this document, the voltage class B RESS shall fulfil the electrical safety
requirements in accordance with ISO 6469-3. These electrical safety requirements may be fulfilled for an
RESS on the component or vehicle level.
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The voltage class B RESS or the voltage class B RESS subsystem shall be marked in accordance with
ISO 6469-3.

NOTE For marking requirements for a voltage class A RESS or RESS subsystem when integrated into a
voltage class B circuit see [SO 6469-3.

4.2 General safety requirements

The following requirements are general safety requirements, which apply when cited.

— The RESS shall not exhibit any evidence of leakage.

— The RESS shall not exhibit continuous emission of flames for more than 1 s or explosion.
— The RESS shall not exhibit any evidence of rupture.

— The voltage class B2 RESS shall maintain an isolation resistance according to 5.4.1.

Compliance shall be tested in accordance with 6.1.6.

5 Technical requirements

5.1 Mechanical requirements

The RESS shall provide the safety performance as specified below under mechanical loads due to
vibration and mechanical shock, which an RESS will likely experience during the normal operation of a
vehicle over its lifetime.

The general safety requirements in accordance with 4.2 shall be fulfilled.

Compliance shall be tested in accordance with 6.2.
5.2 Climatic requirements

5.2.1 Thermal shock cycling

The RESS shall provide the safety performance as specified below under a climatic load due to rapid
temperature changes, which an RESS will likely experience during the normal operation of a vehicle.

The general safety requirements in accordance with 4.2 shall be fulfilled.

Compliance shall be tested in accordance with 6.3.1.
5.3 Simulated vehicle accident requirements

5.3.1 Vehicle crash

The RESS shall provide the safety performance at a vehicle crash, which shall comply with 5.3.1.1 and
5.3.1.2. Testing shall be performed at vehicle level or RESS level.

5.3.1.1 Inertial load at a vehicle crash

The RESS shall provide the safety performance under inertial loads caused by an acceleration which
can occur at a vehicle crash. The general safety requirements in accordance with 4.2 shall be fulfilled.
Compliance shall be tested in accordance with 6.4.1.1.2 or 6.4.1.2.
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5.3.1.2 Contact force at a vehicle crash

The RESS shall provide the safety performance under contact forces which can occur at a vehicle crash.
The general safety requirements in accordance with 4.2 shall be fulfilled.

For an RESS intended to be installed in vehicles with a gross mass exceeding 3,5 t, the requirements are
deemed to be fulfilled, if the RESS is intended to be installed at a position higher than 700 mm above
the ground (distance between the ground and the bottom surface of the RESS).

For an RESS intended to be installed in vehicles with a gross mass exceeding 7,5 t the requirements
are deemed to be fulfilled, if the RESS is intended to be installed within a longitudinal chassis frame
structure of the vehicle.

Compliance shall be tested in accordance with 6.4.1.1.3 or 6.4.1.2.

5.3.2 Immersion into water

The RESS shall provide the safety performance as specified below when it is exposed to water due to
water immersion.

NOTE This requirement does not cover incidents in which the primary hazard for persons is caused by the
presence of water, e.g. high flooding, flooded underground parking, flooded underpass.

The requirement is fulfilled if the RESS or RESS subsystem meets one of the following conditions:

— The RESS or RESS subsystem shall be tested in accordance with 6.4.2. During the test and during
the post-test observation period of 2 h, the RESS or RESS subsystem shall not exhibit any evidence
of continuous emission of flames for more than 1 s, or explosion.

— The RESS or RESS subsystem including all connectors, air ducts and connections for cooling attached
is water protected. It shall be tested in accordance with IPX7 in ISO 20653 and no occurrence of
water is allowed inside the RESS or RESS subsystem after the exposure to water. The test may be
conducted with only the housing of an RESS or RESS subsystem and all connectors, air ducts and
connections for cooling attached.

Minimal appearance of water due to the condensation of air humidity is possible and not considered as
an occurrence of water. In case of doubt the test may be performed with coloured water.

5.3.3 Exposure to fire
This sub-clause applies to the RESS using flammable electrolyte only.

The RESS shall provide the safety performance as specified below when it is exposed to fire from
outside of the vehicle. A thermal load can occur due to a fuel fire underneath the vehicle. Such a fire
can be caused by fire from ignited spilled fuel either from the vehicle itself or a nearby vehicle. The
intention is to provide time for the driver, passengers, and bystanders to evacuate.

During the test and during the specific post-test observation period for the exposure to fire, the RESS
shall not exhibit any evidence of explosion.

Compliance shall be tested in accordance with 6.4.3.

The requirement is deemed to be fulfilled when the RESS is intended to be installed in the vehicle
and mounted at a position higher than 1,5 m above the ground (distance between the ground and the
bottom surface of the RESS subsystem).
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5.4 Electrical requirements

5.4.1 Isolation resistance

For a voltage class B2 RESS its isolation resistance divided by its maximum working voltage shall be at
least as follows:

— 100 Q/V, if the RESS contains DC circuits only;
— 100Q/V,ifthe RESS contains AC circuits and additional AC protection in accordance with ISO 6469-3;

— 500 Q/V, if the RESS contains AC circuits without additional AC protection in accordance with
ISO 6469-3.

When the RESS is installed in a vehicle and conductively connected to a voltage class B2 electric circuit,
a higher resistance value for the RESS is necessary to meet the requirements in ISO 6469-3.

NOTE For the isolation resistance required on a voltage class A or B1 RESS conductively connected to a
voltage class B2 electric circuit see 1ISO 6469-3.

Compliance shall be tested according to the relevant test given in ISO 6469-3.

5.4.2 Clearance and creepage distance

For an open-type voltage class B RESS or RESS subsystem, where electrolyte leakage can occur, the
following requirements shall apply:

NOTE An open-type lead acid battery is an example of an open-type voltage class B RESS.
The creepage distance between voltage class B terminals shall be as follows:

d=0,25U+5

where

d isthe creepage distance in millimetres (mm);
U isthe maximum working voltage of the RESS in volts (V).
The creepage distance between voltage class B live parts and the electric chassis shall be as follows:

d=0,125U+5
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where

d isthe creepage distance in millimetres (mm);
U isthe maximum working voltage of the RESS in volts (V).

The clearance between voltage class B terminals shall be at least 2,5 mm.

5.4.3 Short-circuit protection

The RESS shall have a short-circuit protection and provide its safety performance in case of an external
short-circuit as specified below when the RESS is operational (e.g. the contactor is closed). The
requirements in a) or b) provide short-circuit protection.

a) The cross-sectional area of the live conductors of the RESS have a short-circuit current withstand
rating (12t) according to the maximum short-circuit current of the RESS.

b) An overcurrent protection for the live conductors of an RESS according to their cross-sectional
area is provided. The overcurrent protection is capable to interrupt a short-circuit current.

NOTE Short circuit is a specific case of overcurrent.
The general safety requirements in accordance with 4.2 shall be fulfilled.

Compliance shall be tested in accordance with 6.5.1.
5.5 Functional requirements

5.5.1 General

Functional requirements ensure the RESS safety performance in case of a failure on the vehicle level.
Functional requirements are achieved by robust design or by a protection function. A protection
function may be implemented on vehicle level. If the protection function is not implemented on RESS
level, the RESS shall have a robust design, or only be used in a vehicle which implements the protection
function. If a protection function is implemented on the vehicle level, it shall be effective under normal
operating conditions and in case of a single fault.

5.5.2 Overcharge protection

When the RESS exceeds the upper SOC limits, the general safety requirements in accordance with 4.2
shall be fulfilled.

Compliance shall be tested in accordance with 6.6.2.

5.5.3 Overdischarge protection
This clause applies only to the RESS using electrochemical energy conversion.

When the RESS SOC falls below its lower limits, the general safety requirements in accordance with 4.2
shall be fulfilled.

Compliance shall be tested in accordance with 6.6.3.

5.5.4 Protection against internal overheating

The RESS shall provide the safety performance as specified below and protection against internal
overheating when the internal temperatures are exceeding the maximum operating temperatures
specified by the supplier and the RESS is operational. The protection against internal %}Eﬁments
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shall be effective in case of a failure of a thermal control or a cooling function, if such measures are
implemented.
The general safety requirements in accordance with 4.2 shall be fulfilled.

Compliance shall be tested in accordance with 6.6.4.

5.6 Requirements for the emission of hazardous gases and other hazardous substances

For protection against toxicity hazards, the following requirements shall apply when hazardous gases
and other hazardous substances can be emitted by the RESS.

No potentially dangerous concentration of hazardous gases and other hazardous substances shall be
allowed anywhere in the driver, passenger and load compartments.

Only normal operating and environmental conditions as specified by the supplier shall be considered
for this requirement.

Appropriate countermeasures shall manage first-failure situations.

5.7 Thermal propagation requirements
5.7.1 General

Thermal propagation requirements apply only to a lithium-ion RESS or RESS subsystem used for the
propulsion of electric vehicles. Internal short circuit is a condition that can cause thermal runaway in a
cell with subsequent thermal propagation in a RESS or RESS subsystem and which is not considered in
other standards. Internal short circuit can be caused by contamination through the manufacturing
process, by several events during operation and by aging (see 3.32).

The variety of lithium-ion technologies and the different cell construction types do not allow the
definition of one single test method that covers all conditions in a safe, comparable, and reproducible
way. This document provides three approaches to evaluate safety performance against thermal
propagation for a RESS or RESS subsystem.

5.7.2 Safety performance of RESS

Safety performance of a RESS or RESS sub-system shall be considered by one of the following
approaches:

1) demonstrating system robustness against a thermal failure of one cell to limit or withstand
propagation effects by choosing test methods as specified in 6.7;

2) employing appropriate detection systems to identify early markers indicating a latent fault in a cell
and demonstrate risk mitigation by the system safety approach detailed in Clause 7.
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6 Test procedures
6.1 General test conditions

6.1.1 Testtypes and post-test observation

If not otherwise specified, the tests described apply to the RESS or RESS subsystem referred to as
device under test (DUT) in the following text.

The test sequence for a DUT shall be based on the agreement between the customer and the supplier.
The re-use of the DUT and an exchange of its components in a test sequence are acceptable based on the
agreement between the customer and the supplier.

The post-test observation period shall subsequently follow the test and shall last 1 h, if not otherwise
specified.

Qualification of the personnel and safety of the test bench shall be provided by the test lab, e.g. over
current protection.

6.1.2 Test parameters

6.1.2.1 Test temperature

Room temperature (RT) is (25 * 2) °C.

6.1.2.2 Measurement accuracy

The accuracy of external measurement equipment shall be at least within the following tolerances:—
voltage: 0,5 %;

— current: 0,5 %;

— temperature: #1 K.

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

— voltage: +1 %;
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— current: +1 %;

— temperature: +2 K;
— time: £0,1 %;

— mass: £0,1 %;

— dimensions: +0,1 %.

If required by the test procedure the values of time, temperature, current, and voltage shall be noted at
least every 5 % of the estimated time for testing and the observation period.

6.1.3 DUT requirements and preparation of the DUT for testing

6.1.3.1 DUT requirements

The DUT shall comprise all parts specified by the customer (e.g. including mechanical and electrical
connecting points for the mechanical test).

All necessary documentation and interface parts for the operation and connection of the DUT to the
test equipment (i.e. connectors, plugs including cooling) shall be delivered to the test lab together with
the DUT.

The DUT shall enable the specified tests, e.g. by specified test modes implemented in the RESS control
unit and shall be able to communicate with the test bench via e.g. common communication buses.

The DUT may be equipped with additional sensors, wires and support jigs, which are necessary to
conduct the specific test or to obtain the required data for such a test. Such additional devices shall not
influence the result with respect to the intended purpose of the test.

6.1.3.2 Preparation of the RESS subsystem and test bench

The RESS subsystem shall be connected with necessary electrical connections to the test bench
equipment. The contactors, voltage, current, and temperature shall be controlled according to
the requirements agreed between the customer and the supplier and according to the given test
specification by the test bench equipment. The test bench shall enable the function for overcurrent
protection of the RESS subsystem, if necessary, e.g. by the control of the RESS subsystem contactors.
The cooling device shall be connected to the test bench equipment and operated according to the
supplier’s requirements and control strategy, unless otherwise specified by the test procedure.

6.1.3.3 Preparation of the RESS and test bench

The RESS shall be connected with necessary electrical connections to the test bench equipment. The
RESS shall be controlled by the RESS control unit. The test bench equipment shall follow the operational
limits provided by the RESS control unit via communication. The test bench equipment shall maintain
the on/off requirements for the main contactors, if any, and the voltage, current, and temperature
profiles according to the requirements of the given test procedure. The RESS cooling device and the
corresponding cooling loop at the test bench equipment shall be operational according to the given
test specifications and the controls by the RESS control unit. The RESS control unit shall enable the
test bench equipment to perform the requested test procedure within the RESS operational limits. The
overcurrent protection of the RESS shall be operational.

6.1.4 Preconditioning of the DUT
If not otherwise specified in this document, the following conditions shall apply:

— The DUT shall be conditioned by performing the standard cycle as specified in 6.1.5 to ensure
an adequate stabilization of the DUT. The number of the SC shall be specified by the supplier or
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— Before each test, the SOC of the DUT shall be set to a value of the maximum SOC at normal operating
conditions as agreed between the customer and the supplier.

— Each change of the SOC shall be followed by a rest period of 30 min.

— The ambient temperature shall be RT.
6.1.5 Standard cycle (SC)

6.1.5.1 General
This sub-clause applies only to the RESS using electrochemical energy conversion.

The purpose of the standard cycle (SC) is to ensure the same initial condition for each test of a DUT. An
SC shall be performed prior to each test.

The SC shall be performed keeping the DUT at RT. The SC shall comprise a standard discharge (see
6.1.5.2), followed by a standard charge (see 6.1.5.3). Based upon the agreement between the customer
and the supplier the DUT temperature may differ from RT provided that the DUT temperature has no
impact on the test result.

If, for any reason, the time interval between the end of the SC and the start of a new test is longer than
3 h, the SC shall be repeated. Based upon the agreement between the customer and the supplier the time
interval may be extended up to 24 h provided that the temperature is kept at RT during that period.

6.1.5.2 Standard discharge (SDCH)

Discharge rate: 1 C or other specific discharge regime according to the specifications given by the
supplier.

Discharge limit: according to the specifications given by the supplier.

Rest period after the discharge: 30 min.

6.1.5.3 Standard charge (SCH)

The standard charge procedure shall be according to the specifications given by the supplier. The
specifications shall include the end of the charge criteria and time limits for the overall charging
procedure.

Rest period after the charge: 30 min.
6.1.6 Testing of general safety requirements

6.1.6.1 Evidence of leakage

The evidence of leakage shall be tested without disassembling any part of the DUT. Verification of
electrolyte may be determined by visual inspection, litmus paper testing, and/or chemical analysis of
the fluid after the observation period.

6.1.6.2 Evidence of rupture

The evidence of rupture shall be tested in accordance with ISO 20653 after the observation period.
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6.1.6.3 Evidence of fire

The evidence of continuous emission of flames for more than 1 s shall be tested by visual inspection
during the test and during the observation period.

NOTE Sparks and arcing are not considered as flames.

6.1.6.4 Evidence of explosion

The evidence of explosion shall be tested by visual inspection or appropriate means for detection of
projectiles from the DUT during the test and during the observation period.

6.1.6.5 Isolation resistance

The isolation resistance shall be measured after the test and after the observation period. The
measurement shall be conducted according to the relevant test procedures in SO 6469-3 but without
preconditioning and conditioning.

6.2 Mechanical test

6.2.1 General

NOTE It is assumed that RESS subcomponents are designed according to the relevant requirements of their
respective standards.

The test shall be performed in two steps, vibration test in accordance with 6.2.2 and mechanical shock
testin accordance with 6.2.3 and all spatial directions specified. The following test conditions shall apply:

— The whole test (vibration and mechanical shock) shall be conducted with the same DUT;
— The ambient temperature shall be (20 + 10) °C.

The test order of vibration and mechanical shock shall be decided upon the agreement between the
customer and the supplier.

6.2.2 Vibration
The DUT shall be tested in all mounting orientations it is foreseen to be installed in a vehicle.

If several mounting orientations are supported, it is sufficient to test with the maximum power spectral
density (PSD) values of Tables 1 to 3 only.

The test shall be performed by test option 1 or test option 2.

6.2.2.1 Testoption1

The DUT shall be mounted on the appropriate test equipment. It shall be subjected to vibration by
random profiles in three spatial directions (vertical direction Z, longitudinal direction X and transverse
direction Y) with the PSD values as given in Figure 1 and the corner points in Table 1 to Table 3. The test
shall be performed in the following sequence of the three spatial directions: starting with Z, followed
by X and finally Y. The test sequence may be changed upon the agreement between the customer and
the supplier. The test duration per spatial direction shall be 12 h.
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Table 1 — Values for the PSD in Z-direction

Frequency PSD
Hz (m/s2)2/Hz
5 0,0481
10 0,577 4
15 0,384 9
200 0,000 4
RMS 2,64 m/s?

Table 2 — Values for the PSD in X-direction

Frequency PSD
Hz (m/s2)2/Hz
5 0,028 9
20 0,2887
200 0,000 6
RMS 2,34 m/s?

Table 3 — Values for

the PSD in Y-direction

Frequency PSD
Hz (m/s2)2/Hz
5 0,192 5
15 0,2887
50 0,028 9
200 0,000 4
RMS 2,51 m/s2
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