IEC 62660-1:2010

IEC 62660-1

Edition 1.0 2010-12

INTERNATIONAL
STANDARD

OON

A\

NORME
INTERNATIONALE E%@

ctric road vehicles —
Part 1: Performance testing

Eléments d’accumulate
électriques —
Partie 1: Essais d

apropulsion des véhicules routiers

7 /il )
e
o7

//}/ av ” /

Vv
ﬂ\« ‘



THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2010 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or
IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de la CEl ou du Comité national de la CEIl du pays du demandeur.

Si vous avez des questions sur le copyright de la CEl ou si vous désirez obtenir des droits supplémentaires sur cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEI de votre pays de résidence.

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch

About the IEC

The IEC on-line Catalogue enables you to search b
It also gives information on projects, withdrawn an

Vocabulary online
= Customer Service : .iec.
If you wish to give us Yydu k on\this publicaion or need further assistance, please visit the Customer Service
Centre FAQ or contact ug!

Email: csc@iec.ch
Tel.: +41 22 919 02 1

Fax: +41 22 919<OG\QO\
N\

Le contenu technique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plus récente, un corrigendum ou amendement peut avoir été publié.

= Catalogue des publications de la CEIl: www.iec.ch/searchpub/cur_fut-f.htm
Le Catalogue en-ligne de la CEIl vous permet d’effectuer des recherches en utilisant différents critéres (numéro de référence,
texte, comité d’études,...). Il donne aussi des informations sur les projets et les publications retirées ou remplacées.

= Just Published CEIl: www.iec.ch/online_news/justpub
Restez informé sur les nouvelles publications de la CEIl. Just Published détaille deux fois par mois les nouvelles
publications parues. Disponible en-ligne et aussi par email.

= Electropedia: www.electropedia.org

Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et
définitions en anglais et en frangais, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé
Vocabulaire Electrotechnique International en ligne.

= Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm

Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du
Service clients ou contactez-nous:

Email: csc@iec.ch

Tél.: +41 22 919 02 11

Fax: +41 22 919 03 00



mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.iec.ch/searchpub/cur_fut-f.htm
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv/custserv_entry-f.htm
mailto:csc@iec.ch

IEC 62660-1

Edition 1.0 2010-12

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Secondary lithium-ion cells for
Part 1: Performance testing

elecfric road vehicles —

Eléments d’accumul ropulsion des véhicules routiers

électriques —
Partie 1: Essais de

9,

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION

ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE W
CODE PRIX

ICS 29.220.20, 43.120 ISBN 978-2-88912-308-7

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



-2- 62660-1 © IEC:2010

CONTENTS
FOREWORDD ... e e 4
INTRODU CTION Lo e e e, 6
S YooY o = J S0 7
2 NOMMAtIVE MBI EIrENCES ... e 7
3 Terms and definitioNs. ... ... 7
4 TSt CONAIIONS .. s 8
A1 GENEIAL. . 8
4.2 Measuring inStruments. ... ..o TN e
4.2.1 Range of measuring devices
4.2.2 Voltage measurement........coooviiiiiiiiiiiiii AN e N NG NG
4.2.3 Currentmeasurement.............coooiiiiiiiiiii N A N N N L
4.2.4 Temperature measurements
4.2.5 Othermeasurements............ccooiiiiiiii OGN aee NN e Y e
4.3  TOleranCe.. ..o e NN N R e D e

4.4 Testtemperature. ... ..o o N N e e N e e e e e e
5 Dimension measurement

Mass measurement............cooeveie N ennnns
7 Electrical measurement...............00 .00 D

7.1 General charge conditions
7.2 Capacity
7.3
7.4

7.5

7.6

7.7
7.7.1 BEV CYCle 1St o 19
7.7.2 HEV CYCle teSt .o e 23
7.8 Energy efficiency test .. ..o 27
7.8.1  COMMON 1ESES. . ittt 27
7.8.2 Test for cells of BEV application ... 29
7.8.3 Energy efficiency calculation for cells of HEV application ........................ 30
Annex A (informative) Selective test conditions. ... 32
Annex B (informative) Cycle life test sequence ... 34
BB O G AP Y . 37
Figure 1 — Example of temperature measurementof cell..............ooiiiiiiii 9
Figure 2 — Examples of maximum dimension of cell ... 11

Figure 3 — Test order of the current-voltage characteristic test..................cl. 15



62660-1 © IEC:2010 -3-

Figure 4 — Dynamic discharge profile A for BEV cycle test..........cooiiiiiiiiii, 21
Figure 5 — Dynamic discharge profile B for BEV cycle test ..o, 22
Figure 6 — Discharge-rich profile for HEV cycle test ...... ..o, 25
Figure 7 — Charge-rich profile for HEV cycle test ..., 26
Figure 8 — Typical SOC swing by combination of two profiles for HEV cycle test ................. 27
Figure B.1 — Test sequence of BEV cycle test ... ..o, 35
Figure B.2 — Concept of BEV cycle test.... ..o 36
Table 1 — Discharge CONAitioNS .........ouiii

Table 2 — Examples of charge and discharge current ..................c.ocoele.
Table 3 — Dynamic discharge profile A for BEV cycle test
Table 4 — Dynamic discharge profile B for BEV cycle test
Table 5 — Discharge-rich profile for HEV cycle test................. 0N\

Table 6 — Charge-rich profile for HEV cycle test..............c.nc NN \ee e N
Table A.1 — Capacity test CoONditionNS.........ooiiiii i N NN D\ T e e e eeeeeneneeaenanns
Table A.2 — Power test conditionS ..o o N e\ ke et
Table A.3 — Cycle life test conditions..................

Table A.4 — Conditions for energy effici



—4— 62660-1 © IEC:2010

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 1: Performance testing

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s ) atlon comprising
all national electrotechnical committees (IEC National Committees). The object

this end and in addition to other activities, IEC publishes International Standargs) Tec i e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides 3 € to yas “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any atignaNCommittee’interested
in the subject dealt with may participate in this preparatory work. i , nmebtal and non-
governmental organizations liaising with the IEC also participate in fkj \. |E aborates closely
with the International Organization for Standardization (ISO) in Zccorda vith conditions determined by

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte S, early as possible, an international
consensus of opinion on the relevant subjects since eac ) ittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recom
Publications is accurate, IEC cannot be he e way jin which they are used or for any
misinterpretation by any end user.

In order to promote international uniformitly, IEC_NationalN\Comiijttees undertake to apply IEC Publications

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

EC National Commlttees for any personal injury, property damage or
S / whether direct or indirect, or for costs (including legal fees) and
e pub |cat|on, use of, or reliance upon, this IEC Publication or any other IEC

9) Attention is™drawn to Xhe possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IES shall yot be held responsible for identifying any or all such patent rights.

International Standard IEC 62660-1 has been prepared by IEC technical committee 21:
Secondary cells and batteries.

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

FDIS Report on voting

21/728/FDIS 21/732/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts in the IEC 62660 series, published under the general title Secondary
lithium-ion cells for the propulsion of electric road vehicles, can be found on the IEC website.
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The committee has decided that the contents of this amendment and the base publication will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.

@%
S
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INTRODUCTION

The commercialisation of electric road vehicles including battery, hybrid and plug-in hybrid
electric vehicles has been accelerated in the global market, responding to the global concerns
on CO, reduction and energy security. This, in turn, has led to rapidly increasing demand for
high-power and high-energy density traction batteries. Lithium-ion batteries are estimated to
be one of the most promising secondary batteries for the propulsion of electric vehicles. In the
light of rapidly diffusing hybrid electric vehicles and emerging battery and plug-in hybrid
electric vehicles, a standard method for testing performance requirements of lithium-ion
batteries is indispensable for securing a basic level of performance and obtaining essential
data for the design of vehicle systems and battery packs.

ion cells that
ationary™applications

This standard is to specify performance testing for automobile traction [ithiu
basically differ from the other cells including those for portable and
specified by the other IEC standards. For automobile application, |

usage specificity; i.e. the designing diversity of automobile battery and systems, and
specific requirements for cells and batteries corresponding to ez designs.\Based on
these facts, the purpose of this standard is to provide a basic vith general
versatility, which serves a function in common primary test ells"to be used in

a variety of battery systems.
This standard is associated with ISO 12405-1-and IS

IEC 62660-2 specifies the reliability and abu g for I@u n-ion cells for electric vehicle

QD
\

1 Under consideration.
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SECONDARY LITHIUM-ION CELLS FOR THE PROPULSION
OF ELECTRIC ROAD VEHICLES -

Part 1: Performance testing

1 Scope

lithium-ion cells
BEV) and hybrid

This part of IEC 62660 specifies performance and life testing of secondar
used for propulsion of electric vehicles including battery electric vehicle
electric vehicles (HEV).

NOTE 2 The performance tests for the electri
this standard.

IEC 61434, Secontayy cells and batteries containing alkaline or other non-acid electrolytes —
Guide to the designation of current in alkaline secondary cell and battery standards

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-482 and the
following apply.

3.1

battery electric vehicle

BEV

electric vehicle with only a traction battery as power source for vehicle propulsion
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3.2

hybrid electric vehicle

HEV

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

3.3

rated capacity

quantity of electricity C; Ah (ampere-hours) for BEV and C,; Ah for HEV declared by the
manufacturer

3.4

reference test current

I

current in amperes which is expressed as

i (A) = C, (Ah)/ 1 (h)

where

C, is the rated capacity of the cell ;
n is the time base (hours).

3.5
room temperature
temperature of 25 °C + 2 K

3.6
secondary lithium ion ce
secondary single cell
reactions of lithium ion

NOTE 1 The second
conversion of chem e
and is designed to be thay

3.7
state of
SOC

derived from the insertion/extraction

4 Test conditions

4.1 General

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

4.2 Measuring instruments
4.21 Range of measuring devices
The instruments used shall enable the values of voltage and current to be measured. The

range of these instruments and measuring methods shall be chosen so as to ensure the
accuracy specified for each test.
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For analogue instruments, this implies that the readings shall be taken in the last third of the
graduated scale.

Any other measuring instruments may be used provided they give an equivalent accuracy.

4.2.2 Voltage measurement

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

4.2.3 Current measurement

The entire assembly of ammeter, shunt and leads shall be of an accura
better.

y~class of 0,5 or

4.2.4 Temperature measurements

temperature should be measured at a location whid
temperature. The temperature may be measured a
necessary.

The examples for temperature measykement @

Prismatic or flgt cell Cylindrical cell

® DXQ e o)
<> /

sl
éll \> Cell

N
Ll AL

Insulating material

Cell

IEC 2861/10
Figure 1 — Example of temperature measurement of cell

4.2.5 Other measurements

Other values including capacity and power may be measured by use of a measuring device,
provided that it complies with 4.3.
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4.3 Tolerance

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

a) 0,1 % for voltage;

O

+1 % for current;

o o

)
)
) + 2 K for temperature;
) £0,1 % for time;

)

D

+0,1 % for mass;

—

) +0,1 % for dimensions.

temperature is lower than 1 K.

Unless otherwise stated in this standa
method declared by the manufacturer.

5 Dimension measuren

The maximum dimensipn of i ess or diameter, and length of a cell shall be
measured up to three i i in ascordance with the tolerances in 4.3.

The examples of i BOSi shown in Figures 2a to 2f.

OF

IEC 2862/10 IEC 2863/10

Figure 2a - Cylindrical cell (1) Figure 2b — Cylindrical cell (2)
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B
> A B
[t A Ll -t P [—
- 1 -
D
E D, E
IEC 2864/10 IEC 2865/10
Figure 2c — Prismatic cell (1) Figure 2d — P{ismati
A A
[ —» o m—
| } L I
L / \A\
D D
| [y
i y
B T B
ol % N 4 E
IEC 2867/10
Figure 2e | Figure 2f — Flat cell (2)
Key Q
A total width

B total thickness
C diameter
D total Iéngth

E total length (excluding Yerminals)
igure 2 — Examples of maximum dimension of cell
6 Mass measurement

Mass of a cell is measured up to three significant figures in accordance with the tolerances in
4.3.

7 Electrical measurement
During each test, voltage, current and temperature shall be recorded.

7.1 General charge conditions

Unless otherwise stated in this standard, prior to electrical measurement test, the cell shall
be charged as follows.
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Prior to charging, the cell shall be discharged at room temperature at a constant current
described in Table 1 down to a end-of-discharge voltage specified by the manufacturer. Then,
the cell shall be charged according to the charging method declared by the manufacturer at
room temperature.

7.2 Capacity

Capacity of cell shall be measured in accordance with the following steps.
Step 1 - The cell shall be charged in accordance with 7.1.

After recharge, the cell temperature shall be stabilized in accordance with 4.4

Step 2 — The cell shall be discharged at specified temperature at a ¢ eqt /i (A) to
the end-of-discharge voltage that is provided by the manufacturer.
temperatures indicated in Table 1 shall be used.

NOTE Selective test conditions are shown in Table A.1 in Annex A.

The method of designation of test current /; is defined i
Table 1 — Dischar ondj i7{s
« QDi%har&e\c e?x/
TempoeCrature EV appkd\%\ HEV application
N

RSN
AN

Step 3 - Measu; ischarge duratpon until the specified end-of discharge voltage is
reached, and calcy capacity Il expressed in Ah up to three significant figures.

rged as specified below. The SOC adjustment is the procedure to

be followed forpgeparing cells to the various SOCs for the tests in this standard.

Step 1 - The cell shalk'be charged in accordance with 7.1.

Step 2 - The cell shall be left at rest at room temperature in accordance with 4.4.

Step 3 - The cell shall be discharged at a constant current according to Table 1 for
(100 —n)/100 x 3 h for BEV application and (100 — n)/100 x 1 h for HEV application, where n is
SOC (%) to be adjusted for each test.

7.4 Power
7.41 Test method
The test shall be carried out in accordance with the following procedure.

a) Mass measurement
Mass of the cell shall be measured as specified in Clause 6.

b) Dimension measurement
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c)

Dimension of the cell shall be measured as specified in Clause 5.
Current-voltage characteristic test

Current-voltage characteristics shall be determined by measuring the voltage at the end of
the 10 second pulse, when a constant current is discharged and charged under the
conditions specified below.

1) SOC shall be adjusted to 20 %, 50 %, and 80 % according to the procedure specified
in7.3.

2) The cell temperature at test commencement shall be set to 40 °C, 25 °C, 0 °C, and
-20 °C.

3) The cell is charged or discharged at each value of the current corresponding to the
respective rated capacity level, and the voltage is measured 5at~the end of the

NOTE The charge/discharge limits at low temperature specified by the pra a ! en into account.

Table 2 shows examples of charge and discharge sordj the applications.
If it is required, the maximum current for charge i 3 3 specified by the cell
manufacturer (/,,,). This value can be reduced i he agreement with the
customer. The maximum charge and di arge an be applied after the
measurement at 5 /; for BEV( applicafi V application. I, value
¢ or discharge state.

Table 2 — Example$ of charge and discharge current

V)\arge nd discharge current
Application
N ~ A
e U

2 I 5 I Imax

AN NN h 5 I 10 I Imax

arge/pulses. However, if the cell temperature after 10 min is
uperature, it shall be cooled further; alternatively, the rest time



