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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 2: Reliability and abuse testing

2018

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

rnational co-operation on all questions concerning standardization in the electrical and electronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific

national electrotechnical committees (IEC National Committees). The object of IEE s to prpmote

fis. To
tions,

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftér) sreferred to as| “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC Natiofial Committee intefested

in|the subject dealt with may participate in this preparatory work. Internatiohal,” governmental andq non-

ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates dlosely

with the International Organization for Standardization (ISO) in accordancge, with conditions determined by

tional
bm all

tional
bf IEC

Pyblications is accurate, IEC cannot be held responsible<for the way in which they are used or fgr any

4) In]order to promote international uniformity, IEC National Committees undertake to apply IEC Publigations
trgnsparently to the maximum extent possible in~their national and regional publications. Any divergence
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indicqted in

6) Al

latter.

essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
rvices carried out by independent cerdification bodies.

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

7) Nd liability shall attach to IECon its directors, employees, servants or agents including individual exper
mg¢mbers of its technical committees and IEC National Committees for any personal injury, property dam

ot

exX

Pyblications.

8) At
in

9) At

pa

This

ention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
ispensable for_the correct application of this publication.

ention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
itent righits: IEC shall not be held responsible for identifying any or all such patent rights.

itself does not provide any attestation,'of conformity. Independent certification bodies provide confprmity

br any

s and
hge or

er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
penses arising out (0f\the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

bns is

ect of

Tedlinme versionm of the official tEC - Standardaltows the user to fdentify the chranges
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 62660-2 has been prepared by IEC technical committee 21:

Seco

ndary cells and batteries.

This second edition cancels and replaces the first edition published in 2010. This edition
constitutes a technical revision.

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

a) T

he procedure of forced discharge test has been clarified (6.4.3.2).

b)
c) d
d) T

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

Cell block™ has been added to the scope (Clause 1).
ption of temperature cycling test with electrical operation has been deleted (6.3:2)-
he test conditions for overcharge test have been revised (6.4.2.2).

FDIS Report on voting

21/976/FDIS 21/986/RVD
Full information on the voting for the approval of this International Standard can be foupd in
the réport on voting indicated in the above table.
This document has been drafted in accordance with the fSO/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 websgite.
The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data relatpd to
the specific document. At this date, the: document will be
e rg¢confirmed,
e withdrawn,
o re¢placed by a revisedvedition, or
e amended.
IMPOQRTANT - The 'colour inside' logo on the cover page of this publication indicfates
that | it \contains colours which are considered to be useful for the corfect
unddrstanding of its contents. Users should therefore print this document usirlg a

colour printer.
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INTRODUCTION

2018

The commercialization 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-rapidhy—diffusing the rapid spread of hybrid electric vehicles and the emergence of
battery and plug-in hybrid electric vehicles, a standard method for testing reliability and abuse
requirements of lithium-ion batteries is indispensable for securing a basic level of safety and
obtaining essential data for the design of vehicle systems and battery packs.

This
that
appli
note
and
Base
with
to be
the

document specifies reliability and abuse testing for automobile traction lithiupg-ion
basically differ from the other cells including those for portable and statig
cations specified by other IEC standards. For automobile application, it is‘importg
the usage specificity; i.e. the design diversity of automobile battery paeks and syst
specific requirements for cells and batteries corresponding to each’ of such des
d on these facts, the purpose of this document is to provide a basic”test method
jeneral versatility, which serves a function in common primary testing of lithium-ion

used in a variety of battery systems. —Fe#the—mqw%emems—tepee%—dmer—depend#

vstem desians of hattery nack or \IDhIf"lD and should he eV lyated \1 the—users
aC e ate HSEe+S

cells
nary
nt to
ems,
igns.
blogy
cells

lgon
This

docu
class

This

IEC §
appli

IEC ¢
appli

JyotCHT—aTotgt Tattcry 2 L SA—

“ ’

ment does not provide any pass-fail cr|ter|a for the tests, but specmes a starn
ification of descriptions for test results.

document is associated with-1SO-12405-1-and 1SQ*42405-2 |SO 12405-4 [1]1.

2660-1 [2] specifies the performance testing of lithium-ion cells for electric vd
Cation.

2660-3 [3] specifies the safety reguirements of lithium-ion cells for electric vd
Cation.

dard

hicle

hicle

1 Numbers in square brackets refer to the Bibliography.
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SECONDARY LITHIUM-ION CELLS FOR
THE PROPULSION OF ELECTRIC ROAD VEHICLES -

Part 2: Reliability and abuse testing

1 Scope

This [part of IEC 62660 specifies test procedures to observe the reliability and douse
behaliour of secondary lithium-ion cells and cell blocks used for propulsion of eléctric
vehidles including battery electric vehicles (BEV) and hybrid electric vehicles (HEV)x

NOTE|1 Secondary lithium-ion cells used for propulsion of plug-in hybrid electric vehicles (RHEV) can be fested
by the procedure either for BEV application or HEV application, according to the battery systerh design, baged on
the agreement between the cell manufacturer and the customer.

This

document specifies the standard test procedures and conditionsA4oet basic character

of lithium-ion cells for use in propulsion of battery and hybrid elegiric vehicles. The test

indis
cells

This
desig

for use in various designs of battery systems and battery packs.

document provides standard classification of description of test results to be used fg
n of battery systems or battery packs.

stics
5 are

bensable for obtaining essential data on reliability and abuse behaviour of lithium-ion

r the

with
WHH

D

NOTE]
manuf

NOTE]

2 N

The

contg
cited
any @

HEC-4

LTS

2 Cell blocks can be used as an -alternative to cells according to the agreement between th
acturer and the customer.

3 The safety requirements of, lithidm-ion cells for electric vehicle application are defined in IEC 62660
lormative references

ollowing documents are referred to in the text in such a way that some or all of
nt constitutes .-requirements of this document. For dated references, only the e

e cell

L3 [3].

their
dition

applies. Forsundated references, the latest edition of the referenced document (inclyiding
mendments) applies.

cells|

and hattariac

IEC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband
random and guidance

ISO 16750-3, Road vehicles — Environmental conditions and testing for electrical and
electronic equipment — Part 3: Mechanical loads

ISO 16750-4, Road vehicles — Environmental conditions and testing for electrical and
electronic equipment — Part 4: Climatic loads
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ISO/TR 8713, Electrically propelled road vehicles — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in—tEC-60050-482
ISO/TR 8713 and the following apply.

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

tC Electropedia: avallable at http://www.electropedia.org/

$0 Online browsing platform: available at http://www.iso.org/obp

3.1
battgry electric vehicle
BEV
electfic vehicle with only a traction battery as power source for vehicle propulsion

3.2

cell block

grou} of cells connected together in parallel configuration with“er without protective de\ices,
e.g. fuse or positive temperature coefficient resistor (PTC),¢nol*yet fitted with its final housing,
terminal arrangement and electronic control device

3.3
hybr|d electric vehicle
HEV
vehidle with both a rechargeable energy stovage system and a fuelled power sourcg for
propuilsion

3.4
rated capacity
C

n
guanfity—of—electricity G Ah(ampere-hours)for BEV—and—GC, Ahfor HEV declared—bythe
manyfacturer

capafity value of a cellin- ampere hours (Ah) determined under specified conditions| and
declgred by the cell madufacturer

Note 3 to entry: n in\€4 is the time base in hours (h). In this document, n = 3 for BEV application and n 3 1 for
HEV gpplication uatess otherwise specified.

3.5
reference test current

It

reference test current in amperes (A) which is expressed as
lL=C,/1

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

Note 2 to entry: See IEC 61434:1996 [4], Clause 2.
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3.6
room temperature
temperature of 25 °C + 2 K

3.7

secondary lithium-ion cell

cell

secondary single cell whose electrical energy is derived from the insertion and extraction
reactions of lithium ions between the anode and the cathode

Note 1 to entry: The secondary lithium-ion cell is a basic manufactured unit providing a source of electricat
energy by direct conversion of chemical energy. The cell consists of electrodes, separators, electrolyte, corjtainer
and tgrminals, and is designed to be charged electrically.

NOTEL 2 In this ot
N oSSt

3.8
statg of charge
SOC
availpble capacity in a-battery cell expressed as a percentage of rated-capacity

4 Test conditions

4.1 General

The gletails of the instrumentation used shall be previded in any report of results.

NOTE| Test and measurement can be conducted under fing conditions recommended by the cell manufactyrer.
4.2 | Measuring instruments
4.2.1 Range of measuring devices

The |nstruments used shall enable the values of voltage and current to be measured| The
rang¢ of these instruments_and measuring methods shall be chosen so as to ensur¢ the
accufacy specified for each test.

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

Any ¢ther measuring instruments may be used provided they give an equivalent accuracy}.

4.2.2 \/oltage measurement

The resistance of the volimeters used shall be at feast T MQ/V.

4.2.3 Current measurement

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

4.2.4 Temperature measurements

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

Prismatic or flat cell Cylindrical cell

Q O Temperature measuring device @

4.2.5

Othe
provi

4.3

The
valud

ge-e
B

D
N—r
I+

fy +

Thes

r
A
.
Cell Cell Cell
@) @

N -
AN

Insulating materia

n
>

IEC
Figure 1 — Example of temperature measurement of cell

Other measurements

[ values-including-capacityand-power may.be measured by use of a measuring dd
ded that it complies with 4.3.

Tolerance

vice,

pverall accuracy of controlled _or measured values, relative to the specified or gctual

s, shall be within the following.tolerances:

0,1 % for voltage;

1 % for current;

2 K for temperature;
0,1 % for time;

0,1 % for{mass;

0,1 %.for' dimensions.

e \tolerances comprise the combined accuracy of the measuring instruments

dramaont + hinice . 3 ad ond 11 thay iy £ rrar—in—th + ooy P2
measttrementtecntgueuset atttamrotherSotrceSorerforHtne eSSt pProceaute:

the
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4.4

Thermal stabilization

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

5 Electrical measurement

5.1

General charge conditions

Unle
be ch

Prior
desc
Then
mand

5.2

The

Phas|

After

5S otherwise stated in this document, prior to electrical measurement test, the cell
arged as follows.

to charging, the cell shall be discharged at room temperature at a cgnstant cy
ibed in Table 1 down to an end-of-discharge voltage specified by the €ell manufac
, the cell shall be charged according to the charging method declared by the
facturer at room temperature.

Capacity

apacity of a cell shall be measured in accordance with the following phases.
e 1 — The cell shall be charged in accordance with/. 1

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

the
and

NOTE|
betw
Anne

I I ¢ dosianationtol s defined- _

Pha{ 2 — The cell shall be discharged at spegified temperature at a constant current I,

nd-of-discharge voltage that is provided- by the cell manufacturer. The discharge cu
mperatures indicated in Table 1 shall be used.

In addition to Table 1, specificitest conditions may be selected based on the agree
ben the cell manufacturer \and the customer. Selective test conditions are provid
X A.

Table 1 — Discharge conditions

shall

rrent
urer.
cell

A) to
rrent

ment
bd in

Discharge current
Cell temperature
A
°C
BEV application HEV application
0
25 131, 11,
45

Phase 3 — Measure the discharge—endurance duration until the specified end-of-discharge
voltage is reached. Calculate the capacity of cell expressed in Ah up to three significant
figures, by multiplying the discharge current (A) with the discharge duration (h).

5.3

SOC adjustment

The test cells shall be charged as specified below. The SOC adjustment is the procedure to

be fo

llowed for preparing cells to the various SOCs for the tests in this document.
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Phase 1 — The cell shall be charged in accordance with 5.1.

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

2018

Phase 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 S

6

6.1

For
and
the

OC (%) to be adjusted for each test.

Reliability and abuse tests

General

all the tests specified in Clause 6, the test installation shall be reported including 1
viring of the cell. If necessary, to prevent deformation, the cell may be maigtained d
t¢st in a manner that does not violate the test purpose.

Befofe each test, the cell shall be stabilized at room temperature accafding to 4.4, u
othenwise specified.

The yalue of SOC may be changed according to the agreement/between the customer an

cell manufacturer.

6.2 | Mechanical test

6.2.1 Vibration

6.2.141 Purpose

This |test is performed to characterize celkresponses to vibration assumed in the use

vehidle.

6.2.1.2 Test

The fest shall be performed as.follows.

a) Adjust the SOC of the cell to 100 % for BEV application, and to 80 % for HEV applic
in accordance with 5.3

b) Herform the testreferring to IEC 60068-2-64 random vibration. Use test duration of 8
epch plane of thetest cell.

c) The RMS_&aceeleration value shall be 27,8 m/s2. The power spectrum density (PSI

plotted against frequency is shown in Figure 2 and Table 2. The maximum frequency
be 2 000 Hz.

ixing
uring

hless

d the

of a

ation
h for

D)-—vs
shall



https://iecnorm.com/api/?name=3636977b64e304a699694de4f254c1b6

IEC 62660-2:2018 RLV © |IEC 2018

— 13 —

100

Fraranradraardraabradrdadabds
| 1 T
hassnmsnnsnnaqonnpaqanequpyafana

pan

1
Enanpan

wanvradrakrubhrhdrh
IfeIfaIicaildais
Lamia i x
e e v e e
anhosdaskabimdan

rahradrakrbrhden
1 1 " L
sapinqanfapapni

1 [
sEpasqaspapaanan

IR
rabkaarahradr
) S

arabrarahrads

N
"
T

ardrrabradrdadabsd
] 1 P
IEI LD LR CF Y ¥

F

[EIRY LY

=

.
ahadakal

1 1 L I | 1 1 [
R PRy e LT Y S R LT

10

PSD ((m/s2)2/Hz)
[

kaarssradransdraabradrdadabdafranrasn

]
sarEEragas
[

Fasrahradwakrabradri
sadoasbsdadidabdaphascnaanbanashasloabkaoboimdan
1

1 1 1 1 L L
LI R TR T T ST RN ST P E T T T T

] ] [ 1 ! L L | g 1 (-
SERTEEEEL R LR PP Y Ve T T A PR LR L T S R Tty EEEL TR R PR CE TR PR LY BT Lo

Tadranwiraabradrdded el
amscmandinmadas ol n ol sledekals
1 1 1 I 111
LEELEEE LR R TL L Y e
[

[ L B g 1 1 L T |
LI D N |

1
A
1==-r-H4=-q-7- B
aragumsyaryn smgEmaramTmE ey aapasrspTans L
R L o B R o e T e e T T T EEE R TP R TEY T Y X 3
sannamadannndannmsdmds dabdaposmananbanmuabhmad snbabmbdabf annnn sadnnsmadadadob dapsnman snbann shmadtnabuda bah
1 1 1 1 [ ] 1 1 1 L] 1 [ ] 1 ] 1 ] (B ]
T R B B o T o I S T Y I I P Y B ) T e e T e N e L R L L st LT
1 1 1 1 LI I B § 1 1 1 1 1 1 1 [ | 1 1 1 1 LI}
1 1 [ I N I | 1 1 1 1 1 [ I |
1 1 1 oL 1 1 1 1 1 1 oo 1
O,l ....... [ S un pupn ey R [P SNy g Sy
aamEaL Emiwapwaf REgEERa A mERE g A
ae IR Bl =i )

100 1000
Frequency (Hz)

Figure 2 — PSD of acceleration-vs- plotted’against frequency

Table 2 — Values for PSD«and frequency

Frequency
Hz

PSD
(m/s?)2/Hz

10

20

55

6,5

180

0,25

300

0,25

360

0,14

1000

0,14

2 000

0,14

6.2.13 Test results

The following shall be measured and recorded as test results:

IEC

o cell voltage and capacity-atthe-beginning-and-at-the-end-of before and after the test;

e condition of the cell at the end of the test in accordance with the description specified in

Clause 7.
6.2.2 Mechanical shock

6.2.2.1 Purpose

This test is performed to characterize cell responses to mechanical shocks assumed in the

use of a vehicle.
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6.2.2.2 Test

The test shall be performed as follows.

a)

b)

Adjust the SOC of the cell to 100 % for BEV application and to 80 % for HEV application
in accordance with 5.3.

Perform the test in accordance with ISO 16750-3 as shown in Table 3. Acceleration from
the shock in the test shall be applied in the same direction as the acceleration of the
shock that occurs in the vehicle. If the direction of the effect is not known, the cell shall be
tested in all six spatial directions.

T okl Lo} | W] L H 1 L. Let + +
TraAvTc J vicuiraritfodlr SoTTUUIN TT ol ’JQIGIIICLCIO
Pulse shape half-sinusoidal
Acceleration 500 m/s?
Duration 6 ms
Number of shocks 10 per test direction
NOTE If more savaere tast narameters are reauested bv anv reaulation such tesfcaAditions mav he annlied
Pl e e e o ence el e s e cncnl oo e e e e pare e Do ol

6.2.2.3 Test results

The following shall be measured and recorded as test results:

6.2.3 Crush

6.2.31 Purpose

cell voltage and capacity-at-the-beginningand-atthe-end-of before and after the test;

bndition of the cell at the end of the test innaccordance with the description specified in
Clause 7.

O

This |test is performed to characdterize cell responses to external load forces that-may can

causg deformation.

6.2.3.2 Test

c)

Adjust the SOC of the cell to 100 % for BEV application and 80 % for HEV applicatipn in

sphere for a prlsmatlc ceII (see F|gure 3) The force for the crushmg shaII be appl|ed ina
direction nearly perpendicular to a larger side of a layered face of positive and negative
electrodes inside the cell. The crushing tool shall be selected so that the cell is deformed
nearly in proportion to the increase of crushing force.

The force shall be released when an abrupt voltage drop of one-third of the original cell
voltage occurs, or a deformation of 15 % or more of the initial cell dimension occurs, or the
force of 1 000 times the weight of the cell is applied. The cells remain on test for 24 h or
until the case temperature declines by 20 % of the maximum temperature rise, whichever
is the sooner.
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6.2.

Example A Example B

Crushing tool: Crushing tool:

- Hemisphere
Semicircular bar P

—<

Cylindrical cell Prismatic cell

— . Crushing direction
IEC

Figure 3 — Examples of crush test

3.3 Test results

The following shall be measured and recorded as test results:

6.3

6.3

6.3.

fqrm of crushing tool,

cfushing speed;

O

b|l voltage during the test;
p|l temperature during the test;

bndition of the cell at the end of thie test in accordance with the description specifi
lause 7.

00 o

Thermal test

Nl High temperature endurance

1.1 Purpose

This fest is performed to characterize cell responses to high-temperature environment.

6.3.

1.2 Test

The 1est shall be performed as follows.

a)

b)

6.3.

ed in

Adjust the SOC of the cell to 100 % for BEV application, and to 80 % for HEV application

in accordance with 5.3.

The cell, stabilized at room temperature, shall be placed in a gravity or circulating air-

convection oven. The oven temperature shall be raised at a rate of 5 K/min
temperature of 130 °C—+2¥K. The cell shall remain at this temperature for 30 min b
the test is discontinued.

NoTFE If necessary, to prevent deformation, the cell may be maintained during the tes

to a
efore

tina

manner that does not violate the test purpose. The manner to prevent deformation should

be representative of cells inside battery systems and battery packs.

1.3 Test results

The following shall be-measured-and recorded as test results:
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e condition of the cell at the end of the test in accordance with the description specified in
Clause 7.

It is recommended to measure the cell temperature and voltage, and oven temperature during
the test.

6.3.2 Temperature cycling

6.3.2.1 Purpose

This test is performed to characterize thermal durablllty of a cell by exposing a
temp Aty nmant altarnatalv, t0 ~n o and contrant: af r\r\”

FattHe—eRvHoerert un.ullluu.\.l_y to—catHse Ul\r.lull\.)l\.lll R e—-cohRtacHeR—o+€e

The fest shall be performed as follows.

a) Adjust the SOC of the cell to 100 % for BEV application, and'to 80 % for HEV appligation
in accordance with 5.3.

b) PRerform the temperature cycling in accordance with SO 16750-4 as shown in Talle 4.
he minimum operating temperature shall be <-40 °C or T, specified by the| cell
anufacturer and the maximum operating température shall be 85 °C or T,,,, specifigd by

the cell manufacturer. Perform 30 test cycles as'specified.

Table 4 — Temperatures and titne~duration for temperature cycling

Cumulative time Temperature

min °C

0 25 20

60 T i
150 Toin
210 25 20
300 Tmax
410 T ax
480 25 20
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Cumulative time Temperature
e °c
o s
60 —20
il 20
210 25
200 65
410 65
e s
100 3
90
soc T25
80 ~ \
// 12
70 \~
T T S TN
60 - 7 N +1,5
. Discharge Temperature \
O 50 1
< / \ 1 ©
a0 N g
= — / \ T 0,5 (I)
< 30 C-raf ~
A A N\
g 27 / | °
Charge
10 \ 4 + -0,5
0 \ /
_10 0 30\ 60 90 120 150 /; 180" 210 240 270 300 330 360 390 420 450 480 L
-20 / +-15
-30 -2
Time (min) IEC 2879/10
. file L
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BEV current profile Background-information
Step S iR C-rate % % Example
o o o 80

1 LAE 145 ] o 80
2 1 146 S -1.67 78,33 1 -min-driving
3 64 210 ]
4 12 222 0.5 —-10 68,33 12 min-driving
=~ 1 223 al
6 39 262 -0,2 13 81,33 chargifg
+ Lol 400 ]
8 3 403 0.5 —=25 78,83 3-min-driving
9 + 480 ] 78,83

90

80

T SOoC
70

-
]
I

(6]
o

SOC (%)
&

| BEV: all 30 test cycles |

w
o

N
o

=
o

o

0 30 60 90 120 150 180 210 240
Time (min)

IEC 2880/1p
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70
SOC (%) —_— =
—,_l . N
I 4
/ \
50 A
7 \
T (°C) / \
/ \
30 +-Discharge \
A /
/
10 \\ el t /
* Al /
\ / |
\
_10 0 \ 5 000 10,600 15 000 20,000 25,000
Charge \ //
| N
-30
Time (s) IEC 2881/10
. e I
Table 7—Test steps-and HEV. current profile
HEV current profile Background-information
Cumulative time Delta-SOC SocC
4 S - c |
°F s s Lo Lo
o) e} ol 60
1 8700 8700 e 60
2 5 8705 10 —1.39 5861 5-scold-sthrt
3 5695 14-400 e}
4 10 Ll — 248 =l e
5 590 15006, o}
6 120 15420 -5 16,7 78,09 2 mincharding
7 480 25°600 o}
8 120 15720 5 —16,7 6139 2-min-drivihg
9 8580 24-300 o}
10 5 24-305 10 -1,39 60 5s-hotstdrt
11 4496 28800 o} 60
6.3.2.3 Test.results
The following shall be measured and recorded as test results:
o celvoltageand-capacityatthe beginningandatthe-end of the test:

J
e condition of the cell at the end of the test in accordance with the description specified in
Clause 7;

o cell voltage,<current and temperature shall be continuously recorded during each cycle.

6.4 Electrical test

6.4.1 External short circuit

6.4.1.1 Purpose

This test is performed to characterize cell responses to external short circuit.
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6.4.1.2 Test

The test shall be performed as follows.

a)
b)

Adjust the SOC of the cell to 100 % in accordance with 5.3.

The cell adjusted as in a) shall be stored at room temperature, and then be short-circuited

by connecting the positive and negative terminals with an external resistance for 10

min.

The total external resistance shall be equal to or less than 5 mQ as agreed between the

customer and the cell manufacturer.

6.4.1.3 Test results

The Iollowing shall be measured and recorded as test results; the sample rate for voltagg
currgnt recording shall be < 10 ms:

6.4.2 Overcharge
6.4.2,.1 Purpose

This test is performed to characterize cell responses to overcharge.

6.4.2,.2 Test
The fest shall be performed as follows:

a) Adjust the SOC of the cell to 1007% in accordance with 5.3.
b) dent .

c
c
bg reported;
C

tqtal external resistance value;
cpndition of the cell at the end of the test in accordance with the description specified in

|| voltage during the test;
b|l current during the test. If the accuracy deviates from the requirements of 4.3, it

b|| temperature during the test;

Clause 7.

E

2 and

shall

istomegiand the cell manufacturer at room temperature using a power supply sufficig
fovidethe constant charging current. The overcharge test shall be discontinued whe
bplied” voltage reaches a value agreed between the customer and the supplier, or

y the
nt to
n the
until

<
Continue charging the cell beyond the 100 % SOC with a charging current agreed b
c
p
a
c

1arging is disabled hy the cell Inmtm‘ti\m device if any _or until the cell fails

6.4.2.3 Test results

The following shall be measured and recorded as test results:

cell voltage during the test;
cell current during the test;
cell temperature during the test;

condition of the cell at the end of the test in accordance with the description specified in

Clause 7.


https://iecnorm.com/api/?name=3636977b64e304a699694de4f254c1b6

IEC 62660-2:2018 RLV © |IEC 2018 -21-

6.4.3 Forced discharge
6.4.3.1 Purpose

This test is performed to characterize cell responses to over discharge.

6.4.3.2 Test
iccl : i " At in

The test shall be performed as follows.

a) Adjustthe SOC of e Cettto0 0 9% T accoTdance witlt 5-3-

b) Jontinue discharging the cell beyond the 0 % SOC at 11, (A) for 90 minsat” foom
t¢mperature.

6.4.3.3 Test results
The following shall be measured and recorded as test results:

b|l voltage during the test;
p|l current during the test;

bndition of the cell at the end of the test in accordance with the description specified in
lause 7.

c
c
— cell temperature during the test;
c
G
7 Description of test results

The Jresults of tests specified in this document shall be recorded with the descriptions
in Table 5. Each test result may includesmultiple descriptions. The test results mgy be
descfibed with relevant materials such as‘photos.

Table(d — Test result description

Description Effect
No effect No effect..No“Change in appearance.
Deformation Change-or deformation in appearance including swelling.
EScape of liquid electrolyte from vent or venting with mist release.
Venting NOTE For the pouch cell, the intended venting mechanism can be a controlled openifig of
the cell casing.
Leakage Visible escape of liquid electrolyte from a part except vent, such as casing, sealing pant
9 and/or terminals.
Smaoking Release of fumes including possible soot parficles, from vent
Mechanical failure of the container case of the cell induced by an internal or external
Rupture cause, resulting in exposure or spillage but not ejection of materials. treluding-smeking-at
Emission of flames from a cell or cell block for more than 1 s.
Fire
NOTE Sparks and arcing are not considered as flames.
. Failure that occurs when a cell container opens violently and major components are
Explosion :
forcibly expelled.
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Annex A
(informative)

Selective test conditions

Annex A provides additional and selective conditions for the capacity test specified in 5.2. The
test conditions "r" in Table A.1 are specified in this document. In addition, the test conditions
"a" may be selected based on the agreement between the cell manufacturer and the customer.

Table A.1 — Capacity test conditions

\pplication Dicsucrr::r:gt;e Cell temperature
-20 °C 0°C 25 °C 45 °@
0,21, a a a a
131, a r r r
BEV
11 a a a a
51 a a a a
0,21, a a a a
131, a a a a
HEV 11, a r r r
10 1, a a a a
| 4max a a a a
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SECONDARY LITHIUM-ION CELLS FOR
THE PROPULSION OF ELECTRIC ROAD VEHICLES -

Part 2: Reliability and abuse testing
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
national electrotechnical committees (IEC National Committees). The object of IEE Us to pr
Ernational co-operation on all questions concerning standardization in the electrical and (etectronic fiel
5 end and in addition to other activities, IEC publishes International Standards, Techhical Specific
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftér| referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC Natiofial Committee inte
the subject dealt with may participate in this preparatory work. Internatiohal,” governmental and
vernmental organizations liaising with the IEC also participate in this prepatation. IEC collaborates ¢
h the International Organization for Standardization (ISO) in accordancg, with conditions determin
eement between the two organizations.

e formal decisions or agreements of IEC on technical matters express,/as nearly as possible, an interng
hsensus of opinion on the relevant subjects since each technical ‘cOommittee has representation fr
prested IEC National Committees.

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

blications is accurate, IEC cannot be held responsible¥for the way in which they are used or fd
Binterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible ig~their national and regional publications. Any diver
ween any IEC Publication and the corresponding' national or regional publication shall be clearly indica
latter.

C itself does not provide any attestation,'ef conformity. Independent certification bodies provide conf
Eessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

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

liability shall attach to IEC\orn its directors, employees, servants or agents including individual exper
mbers of its technical committees and IEC National Committees for any personal injury, property dam
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
benses arising out @©f\the publication, use of, or reliance upon, this IEC Publication or any othq
blications.

ention is drawn\to' the Normative references cited in this publication. Use of the referenced publicati
ispensable for_the correct application of this publication.

ention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights: IEC shall not be held responsible for identifying any or all such patent rights.

Inter
Secondary cells and batteries.
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hational Standard IEC 62660-2 has been prepared by IEC technical committeg

21:

This second edition cancels and replaces the first edition published in 2010. This edition
constitutes a technical revision.

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

edition:

a) The procedure of forced discharge test has been clarified (6.4.3.2).

b) "Cell block" has been added to the scope (Clause 1).

c) Option of temperature cycling test with electrical operation has been deleted (6.3.2).

d)

T

he test conditions for overcharge test have been revised (6.4.2.2).
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The text of this International Standard is based on the following documents:

FDIS Report on voting

21/976/FDIS 21/986/RVD

2018

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

This

A lis
lithiu
The

stabi
the s

-

e withdrawn,

-

e a

¢confirmed,

g¢placed by a revised edition, or

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

pecific document. At this date, the document will be

mended.

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

ommittee has decided that the contents of this document will remain unchanged untjl the
ity date indicated on the IEC website under "http://webstore.iec.ch" in the_data relatpd to

IMPQRTANT — The 'colour inside' logo on the.cover page of this publication indic

that

it contains colours which are considered to be useful for the cor

ntes
rect

unddrstanding of its contents. Users sheuld therefore print this document usirlg a

colo

Iir printer.
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INTRODUCTION

The commercialization 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 the rapid spread of hybrid electric vehicles and the emergence of battery and plug-in
hybrid electric vehicles, a standard method for testing reliability and abuse requirements of
lithium-ion batteries is indispensable for securing a basic level of safety and obtaining
essential data for the design of vehicle systems and battery packs.

This
that

appli
note
and

Base
with
to be
critern

This

IEC §
appli

IEC §
appli

document specifies reliability and abuse testing for automobile traction lithiupision
basically differ from the other cells including those for portable and <static
cations specified by other IEC standards. For automobile application, it is‘importa
the usage specificity; i.e. the design diversity of automobile battery paeks and syst
specific requirements for cells and batteries corresponding to each’ of such des
d on these facts, the purpose of this document is to provide a basic’ test method
jeneral versatility, which serves a function in common primary testing of lithium-ion

used in a variety of battery systems. This document doesrnet provide any pas
ia for the tests, but specifies a standard classification of desc¥iptions for test results,

document is associated with ISO 12405-4 [1]1.

2660-1 [2] specifies the performance testing «of*lithium-ion cells for electric ve
Cation.

2660-3 [3] specifies the safety requirements of lithium-ion cells for electric vd
cation.

cells
nary
nt to
ems,
igns.
blogy
cells
s-fail

hicle

hicle

1 Numbers in square brackets refer to the Bibliography.
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SECONDARY LITHIUM-ION CELLS FOR
THE PROPULSION OF ELECTRIC ROAD VEHICLES -

Part 2: Reliability and abuse testing

1 Scope

This

2018

part of IEC 62660 specifies test procedures to observe the reliability and dbuse

behaliour of secondary lithium-ion cells and cell blocks used for propulsion of eléctric

vehidles including battery electric vehicles (BEV) and hybrid electric vehicles (HEV)x

NOTE|

by the

This

of lithium-ion cells for use in propulsion of battery and hybrid elegiric vehicles. The test

indis
cells

This

NOTE

NOTE|

2 N

The

conte
cited
any g

IEC ¢

randgm and guidance

ISO
elect

1 Secondary lithium-ion cells used for propulsion of plug-in hybrid electric vehicles (RHEV) can be

document specifies the standard test procedures and conditionsAef basic character

for use in various designs of battery systems and battery packs.

lormative references

ollowing documents are réferred to in the text in such a way that some or all of
nt constitutes requirements of this document. For dated references, only the e

mendments) applies.

0068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broad

|6750-3,Road vehicles — Environmental conditions and testing for electrical
foni¢ equipment — Part 3: Mechanical loads

tested

procedure either for BEV application or HEV application, according to the battery system design, baged on
the agreement between the cell manufacturer and the customer.

stics
5 are

bensable for obtaining essential data on reliability and abuse behaviour of lithium-ion

document provides standard classification of description of test results to be used fqr the
design of battery systems or battery packs.

2 Cell blocks can be used as an alternative to ‘Cells according to the agreement between thle cell
manuflacturer and the customer.

3 The safety requirements of lithium-ion cells<for electric vehicle application are defined in IEC 626603 [3].

their
dition

applies. For undated references, the latest edition of the referenced document (incléiding

band

and

ISO

16750-4, Road vehicles — Environmental conditions and testing for electrical

electronic equipment — Part 4: Climatic loads

ISO/TR 8713, Electrically propelled road vehicles — Vocabulary

3 Terms and definitions

and

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
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e |EC Electropedia: available at http://www.electropedia.org/

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

3.1

battery electric vehicle

BEV

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

3.2

cell block

grou ,
e.g. fluse or positive temperature coefficient resistor (PTC), not yet fitted with its final housing,
terminal arrangement and electronic control device

3.3

hybr|d electric vehicle

HEV

vehidle with both a rechargeable energy storage system and a fuelled power source for
proplision

3.4

rateq capacity

Cn

capafity value of a cell in ampere hours (Ah) determined under specified conditions| and
declgred by the cell manufacturer

Note } to entry: n in C, is the time base in hours (h). In thissdocument, n = 3 for BEV application and n 3 1 for
HEV gpplication unless otherwise specified.

3.5

Iy

refergnce test current in amperes (A) which is expressed as

k=q,/1

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

Note 4 to entry: See IEC 61484:1996 [4], Clause 2.

3.6

room temperature

tempgrature of/25°C + 2 K

3.7

secondary’ lithium-ion cell

cell

secondary single cell whose electric energy is derived from the insertion and extraction

react

Note 1 to entry:

ions of lithium ions between the anode and the cathode

The secondary lithium-ion cell is a basic manufactured unit providing a source of electric energy

by direct conversion of chemical energy. The cell consists of electrodes, separators, electrolyte, container and

termin

3.8

als, and is designed to be charged electrically.

state of charge

SOC

capacity in a cell expressed as a percentage of rated capacity
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4 Test conditions

4.1

General

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

2018

NOTE Test and measurement can be conducted under fixing conditions recommended by the cell manufacturer.

4.2

4.2.1

Measuring instruments

Range of measuring devices

The
rangs
accu

For &

gradliated scale.

Any ¢ther measuring instruments may be used provided they give an‘eéguivalent accuracy}

4.2.2

The |

4.2.3

The
bette

4.2.4

The

capa
temp)
temp)
nece

The
temp

nstruments used shall enable the values of voltage and current to be measured
e of these instruments and measuring methods shall be chosen so as to ensurg
acy specified for each test.

nalogue instruments, this implies that the readings shall be taken in the last third g

Voltage measurement

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

Current measurement

entire assembly of ammeter, shunt and leads shall be of an accuracy class of 0
r.

Temperature measurements

Cell temperature shall be measured by use of a surface temperature measuring d
ble of an equivalent scale definition and accuracy of calibration as specified in 4.2.1
prature should be measuredtat a location which most closely reflects the cell or cell
prature. The temperature® may be measured at additional appropriate locatior
Ssary.

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

The
b the

f the

5 or

bvice
The
block
s, if

s for
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Prismatic or flat cell Cylindrical cell

O O Temperature measuring device @

O
Cell

Call Call

4.2.5

Othe
4.3.

4.3

The
valud

QD
=
+

o O T
N~ ~
+ I+ I+

L
b

f) o

Thes
meas

4.4

==
N ;

Figure 1 — Example of temperature measurementrof cell

IEC

Other measurements

[ values may be measured by use of a measuringsdevice, provided that it complies

Tolerance

s, shall be within the following tolerances:

0,1 % for voltage;

1 % for current;

2 K for temperature;
0,1 % for time;

0,1 % for mass;

0,1 % for dimensions.

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

FThermal stabilization

with

pverall accuracy of controlled or measured values, relative to the specified or gctual

the

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

5 Electrical measurement

5.1

General charge conditions

Unless otherwise stated in this document, prior to 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 an end-of-discharge voltage specified by the cell manufacturer.
Then, the cell shall be charged according to the charging method declared by the cell
manufacturer at room temperature.

5.2

Capacity

The capacity of a cell shall be measured in accordance with the following phases.

Phas

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

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

Pha

2 — The cell shall be discharged at specified temperature at a constant cusrent I,

the gnd-of-discharge voltage that is provided by the cell manufacturer. The discharge cU

and

In ad
betw
Anne

Phas|

mperatures indicated in Table 1 shall be used.

dition to Table 1, specific test conditions may be selected based on the agree
ben the cell manufacturer and the customer. Selective test conditions are provid
X A.

Table 1 — Discharge conditions

Discharge’current
Cell temperature
A
°C
BEV application HEV application
0
25 i3, 11,
45

e 3 — Measure the discharge duration until the specified end-of-discharge volta

reached. Calculate the capacity)'of cell expressed in Ah up to three significant figure

multi

5.3

The
be fo

Phas

blying the discharge cutrent (A) with the discharge duration (h).

SOC adjustment

est cells shall be charged as specified below. The SOC adjustment is the procedd
llowed forpreparing cells to the various SOCs for the tests in this document.

e 1 ~The cell shall be charged in accordance with 5.1.

A) to
rrent

ment
bd in

e is
5, by

re to

Phas

2 The cellshall bae laft ot ract at room teamneratiire in accordancewith 4 4
= He-ceH-ShatHpBetetattrestatfoohtepelatdieHac6oraahRce W44~

Phase 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.

6 Reliability and abuse tests

6.1

General

For all the tests specified in Clause 6, the test installation shall be reported including fixing
and wiring of the cell. If necessary, to prevent deformation, the cell may be maintained during
the test in a manner that does not violate the test purpose.
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Before each test, the cell shall be stabilized at room temperature according to 4.4, unless
otherwise specified.

The value of SOC may be changed according to the agreement between the customer and the
cell manufacturer.

6.2 Mechanical test
6.2.1 Vibration

6.2.1.1 Purpose

This [test is performed to characterize cell responses to vibration assumed in the_use| of a
vehidle.

6.2.1.2 Test
The fest shall be performed as follows.

a) Adjust the SOC of the cell to 100 % for BEV application, and to_80-% for HEV appligation
i accordance with 5.3.

b) Herform the test referring to IEC 60068-2-64 random vibration. Use test duration of 8|h for
ach plane of the test cell.

e
c) The RMS acceleration value shall be 27,8 m/s2. The power spectrum density (PSD)
plotted against frequency is shown in Figure 2 and-Fable 2. The maximum frequency|shall
be 2 000 Hz.
1po CTTETT E
HAtr e [ -
EnSonsafeonet|enasonsans) [t e’ el vimgte’ el el i i e
e dossbhsdadeduabdafunna anhoisdaskabiwelen sadnsslnwls e dekalnf anhassamonsonhada b
kraranradraardraarsdrdidabdapasrsarabrarshrsdrabubshidr ardrrabradrdadnbrdaf snrabrarahradrabkedebal
S SO L1 | O DN 411 R 00 O R M i 0

| [T 1 1 ot 1o 1 1
EYPYTPYT YT IFTTY PYTFIT P snanpansspanganpaparnaplannana

1
an

1 1 oo
agmansamana g

AR TETTIT
o S EE BT B

PSD ((m/s2)2/Hz)
1=

s snmadannndunimpdmads dub dafuum sadsnsmadmds dab dapsumannnks
1 1 T 1 1 1 []

LI I I | 1
sabradudadabh dafranmannnks
1 [ I B | 1

sarnarsdunmadirs
| 1
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cnhsslianabimdan
1 [
FapmaysapapragEn

mrdssabaddidndnkaln
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LRTERTE IRLELE B e
1 1 1 L I B |
EaFssTEmTEEwW FRsTEATESTE FuA

adadabkds
[T
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1 [ T | 1 1 [ L
FesrsnvaaranmgraaranrnayapyafrasvansapunrapragnapupranTs
1 1 1 | 1 1 1 L] 1 1 1 L I A |
1 1 1 | 1 1 1 ' L] 1 1 1 L I A |

0,01 : :
1 10 100 1000 10 000

Frequency (Hz)

IEC

Figure 2 — PSD of acceleration plotted against frequency
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Table 2 — Values for PSD and frequency

Frequency PSD

Hz (m/s?)2/Hz
10 20
55 6,5
180 0,25
300 0,25
1000 0,14
2 000 0,14

6.2.13 Test results

The following shall be measured and recorded as test results:

e cell voltage and capacity before and after the test;

e condition of the cell at the end of the test in accordance with the description specifigd in
Clause 7.

6.2.2 Mechanical shock

6.2.201 Purpose

This Jtest is performed to characterize cell reSponses to mechanical shocks assumed ip the

use gf a vehicle.

6.2.2,.2 Test

The fest shall be performed as follows.

a) Adjust the SOC of the c€llo 100 % for BEV application and to 80 % for HEV applicjation
in accordance with 5.3:

b) Plerform the test in~accordance with ISO 16750-3 as shown in Table 3. Acceleration|from
the shock in the test shall be applied in the same direction as the acceleration the
shock that occurs’in the vehicle. If the direction of the effect is not known, the cell shall be
tgsted in all'six spatial directions.

Table 3 — Mechanical shock test — parameters
Pulse shape half-sinusoidal
Acceleration 500 m/s?
Duration 6 ms
Number of shocks 10 per test direction

6.2.2.3 Test results

The following shall be measured and recorded as test results:

e cell voltage and capacity before and after the test;

e condition of the cell at the end of the test in accordance with the description specified in

C

lause 7.
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6.2.3 Crush
6.2.3.1 Purpose

This test is performed to characterize cell responses to external load forces that can cause
deformation.

6.2.3.2 Test
The test shall be performed as follows.

a) j 0 icafi 9 ication in
cordance with 5.3.

b) The cell shall be placed on an insulated flat surface and be crushed with a crishing tool
bnsisting of a round or semicircular bar, or sphere or hemisphere withpa 150, mm
ameter. It is recommended to use the round bar to crush a cylindrical“cell, and the
bhere for a prismatic cell (see Figure 3). The force for the crushing shall;be applied in a
rection nearly perpendicular to a larger side of a layered face of po6sitive and nedative
ectrodes inside the cell. The crushing tool shall be selected so thatythe cell is defofmed

barly in proportion to the increase of crushing force.

c) The force shall be released when an abrupt voltage drop of @née-third of the origina|l cell
bltage occurs, or a deformation of 15 % or more of the initial ¢ell dimension occurs, qr the
rce of 1 000 times the weight of the cell is applied. Thecells remain on test for 24 h or
ntil the case temperature declines by 20 % of the maximum temperature rise, whichever

g the sooner.

cC>*< 4 SODQOWNWO o

Example A Example B

Crushing tool: Crushing tool:

. Hemisphere
Semicircular bar p

Cylindrical cell Prismatic cell

—) . Crushing direction
IEC

Figure 3 — Examples of crush test

6.2.3.3 Test results
The following shall be measured and recorded as test results:

o form of crushing tool;

e crushing speed;

e cell voltage during the test;

e cell temperature during the test;

e condition of the cell at the end of the test in accordance with the description specified in
Clause 7.
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Thermal test

1 High temperature endurance

1.1 Purpose

This test is performed to characterize cell responses to high-temperature environment.

6.3.

1.2 Test

The test shall be performed as follows.

a)

b)

6.3.

2018

djust the SOC of the cell to 100 % for BEV application, and to 80 % for HEV appliclation

in accordance with 5.3.

he cell, stabilized at room temperature, shall be placed in a gravity or circulating air-

cpnvection oven. The oven temperature shall be raised at a rate of.'5."K/min

to a

temperature of 130 °C. The cell shall remain at this temperature for 30 min-before the test

ig discontinued. If necessary, to prevent deformation, the cell may bé)maintained d

uring

the test in a manner that does not violate the test purpose. The/manner to prevent

1.3 Test results

The following shall be recorded as test results:

cpndition of the cell at the end of the test in accordance with the description specifi
Clause 7.

It is fecommended to measure the cell temperaturerand voltage, and oven temperature d

the

6.3.

tgst.

2 Temperature cycling

211 Purpose

This fest is performed to characterize thermal durability of a cell by exposing at low and
temprature environment alternately to cause expansion and contraction of cell compone

212 Test

the ceII manufacturer Perform 30 test cycles as specn‘led

deformation should be representative of cells inside battery systems’and battery packss.

ed in

uring

high
Nts.

iclation

le 4.
cell
ied by
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6.3.

The following shall be measured and recorded as test results:

6.4

6.4

6.4

This test is performed to characterize ¢cel responses to external short circuit.

6.4

The fest shall be performed @@sfollows.

a)
b)

6.4.1).3 Test results

Al External short circuit

Al Purpose

1.2 Test

Table 4 — Temperatures and time duration for temperature cycling

Cumulative time Temperature
min °C
0 20
60 min
150 min
210 20
300 max
410 max
480 20

2.3 Test results

cell voltage and capacity at the beginning and at the end of the-iest;

cpndition of the cell at the end of the test in accordance with the description specifigd in
Clause 7;

cell voltage and temperature shall be continuously recorded during each cycle.

Electrical test

djust the SOC of the'cell to 100 % in accordance with 5.3.

he cell adjusted as in a) shall be stored at room temperature, and then be short-circluited
bly connecting‘the positive and negative terminals with an external resistance for 10[ min.
he total external resistance shall be equal to or less than 5 mQ as agreed betweep the
customer and the cell manufacturer.

The following shall be measured and recorded as test results, the sample rate for voltage and
current recording shall be < 10 ms:

cell voltage during the test;

cell current during the test. If the accuracy deviates from the requirements of 4.3, it shall
be reported;

cell temperature during the test;
total external resistance value;

condition of the cell at the end of the test in accordance with the description specified in
Clause 7.


https://iecnorm.com/api/?name=3636977b64e304a699694de4f254c1b6

- 16 - IEC 62660-2:2018 © IEC

6.4.2 Overcharge

6.4.2.1 Purpose

This test is performed to characterize cell responses to overcharge.

6.4.2.2 Test

The test shall be performed as follows.

a)
b)

6.4.2|.3 Test results

The following shall be measured and recorded as test results:

6.4.3 Forced discharge
6.4.31 Purpose

This fest is performed to characterize cell responses to over discharge.

6.4.3.2 Test

The fest shall be performed asfollows.

a)
b)

6.4.3.3 Testresults

The following shall be measured and recorded as test results:

7

Adjust the SOC of the cell to 100 % in accordance with 5.3.

2018

OTNtMue charging the cetbeyond the 100 9% SOC Wit & charging CUTTent agreed. o
clistomer and the cell manufacturer at room temperature using a power supply sufficig
plovide the constant charging current. The overcharge test shall be discontinued:whe
applied voltage reaches a value agreed between the customer and the supplier, or
charging is disabled by the cell protective device, if any, or until the cell fails.

cell voltage during the test;

cell current during the test;

cell temperature during the test;

condition of the cell at the end of the test in accordance with the description specifi
Clause 7.

Adjust the SOC of the.cell to 0 % in accordance with 5.3.

dontinue discharging the cell beyond the 0 % SOC at 1l (A) for 90 min at
temperature.

the
nt to
n the
until

ed in

foom

celhvoltage during the test;

cell current during the test;
cell temperature during the test;

condition of the cell at the end of the test in accordance with the description specified in

Clause 7.

Description of test results

The results of tests specified in this document shall be recorded with the descriptions
in Table 5. Each test result may include multiple descriptions. The test results may be
described with relevant materials such as photos.
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Table 5 — Test result description

Description

Effect

No effect

No effect. No change in appearance.

Deformation

Change or deformation in appearance including swelling.

Escape of liquid electrolyte from vent or venting with mist release.

Venting NOTE For the pouch cell, the intended venting mechanism can be a controlled opening of
the cell casing.
Visible escape of liquid electrolyte from a part except vent, such as casing, sealing part
Leakage . e
Smoking Release of fumes, including possible soot particles, from vent.
Rubture Mechanical failure of the container case of the cell induced by an internal orexternal
P cause, resulting in exposure or spillage but not ejection of materials.
Emission of flames from a cell or cell block for more than 1 s.
Fire
NOTE Sparks and arcing are not considered as flames.
Explosion Failure that occurs when a cell container opens violently and major components are

forcibly expelled.
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Annex A
(informative)

Selective test conditions

Annex A provides additional and selective conditions for the capacity test specified in 5.2. The
test conditions "r" in Table A.1 are specified in this document. In addition, the test conditions
"a" may be selected based on the agreement between the cell manufacturer and the customer.

Table A.1 — Capacity test conditions

P Discharge Cell temperature
\pplication current
-20°C 0°C 25 °C 45 °d

0,21, a a a a
131, a r r r

BEV
11 a a » a
51, a a a a
0,21, a a a a
131, a a a a

HEV 11, a ‘ . ;
10 1, a a a a
ldmax a a a a
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2)

3)

4)

5)

6)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ELEMENTS D’ACCUMULATEURS LITHIUM-ION POUR
LA PROPULSION DES VEHICULES ROUTIERS ELECTRIQUES -

Partie 2: Essais de fiabilité et de traitement abusif

AVANT-PROPOS

copditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions téchniques représentent, dans la n
du| possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg
interessés sont représentés dans chaque comité d’études.

Les Publications de I'lEC se présentent sous la forme de reedoinmandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les~efforts raisonnables sont entrepris afin qug
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en est\faite par un quelconque utilisateur final.

Dgns le but d'encourager l'uniformité internationale, les* Comités nationaux de I'lEC s'engagent, dans td
mesure possible, & appliquer de facon transparente~les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes ‘Publications de I'IEC et toutes publications national
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

C elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
fodrnissent des services d'évaluation de conformité et, dans certains secteurs, accedent aux marqu
copformité de I'lEC. L’'IEC n'est responisable d'aucun des services effectués par les organismes de certifi
ingépendants.

7) Augune responsabilité ne doit'étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda

8)

9)

y ¢ompris ses experts patticuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé‘en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, (directe ou indirecte, ou pour supporter les colts (y compris les frais de justice)
dépenses découlant *de la publication ou de ['utilisation de cette Publication de I'IEC ou de toute
Publication de [L[EC, ou au crédit qui lui est accordé.

L'dttention eStyattirée sur les références normatives citées dans cette publication. L'utilisation de public
référencées.est obligatoire pour une application correcte de la présente publication.

L'qttention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven|
I'opjet{de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels

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

Isation
h pour
aines
nales,
et des
IS, aux
ations
ht aux
n des

esure
I'EC

réées
I'lEC
ble de

ute la
nales
es ou

dants
les de
cation

aires,
I'lEC,
elque
et les
autre

ations

t faire
droits

de

bravats at da na nac gvair cilanald loyyr avictanca
M-S+ —ee-—He—pPaS—aeH—SghHare—+eut St T

La Norme internationale IEC 62660-2 a été établie par le comité d'études 21 de I'lEC:
Accumulateurs.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2010. Cette édition
constitue une révision technique.

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

a) La procédure d'essai de décharge forcée a été clarifiée (6.4.3.2).

b) Le concept de "bloc d’éléments” a été ajouté au domaine d’application (Article 1).
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c) L’option d’essai de cycles de température avec fonctionnement électrique a été supprimée
(6.3.2).

d) Les conditions d’essai relatives a I'essai de surcharge ont été révisées (6.4.2.2).

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote

21/976/FDIS 21/986/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

aboufraTapprobation de cette norme mernavonate. ... |

Ce dpcument a été rédigé selon les Directives ISO/IEC, Partie 2.

Une liste de toutes les parties de la série IEC 62660, publiées sous le titre général Eléments
d’acqumulateurs lithium-ion pour la propulsion des véhicules routiers électriques, peuf étre
conspltée sur le site web de I'lEC.

Le cpmité a décidé que le contenu de ce document ne sera pas modifié avant la dafe de
stabilité indiquée sur le site web de I'lEC sous "http://webstere:iec.ch” dans les données
relatives au document recherché. A cette date, le document séra

g¢conduit,

°
-

e slipprimé,

°
-
@D

mplacé par une édition révisée, ou

e amendé.

IMPORTANT — Le logo "colour inside” qui se trouve sur la page de couverture de cette
publ|cation indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension desen contenu. Les utilisateurs devraient, par conséqulent,
impr|{mer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

La commercialisation des véhicules routiers électriques, comprenant les véhicules électriques
a batterie, les véhicules électriques hybrides et les véhicules électriques hybrides
rechargeables, a été accélérée sur le marché international, répondant ainsi aux
préoccupations mondiales concernant la réduction du CO, et la sécurité en matiere d'énergie.
Par voie de conséquence, cela a conduit a une demande rapidement croissante de batteries
de traction de forte puissance et de grande densité énergétique. Il est estimé que les
batteries lithium-ion sont les accumulateurs les plus prometteurs pour la propulsion des
véhicules électriques. Du fait de la diffusion rapide des véhicules électriques hybrides et de
I'émergence des véhicules électriques a batterie et hybrides rechargeables, une méthode
normialisée d'essai relative aux exigences de performance des batteries lithium-ion est
indispensable pour fixer un niveau de sécurité de base et obtenir des données essent|elles
pour [la conception des systémes des véhicules et des packs de batteries.

Le présent document spécifie les essais de fiabilité et de traitement abusif)des éléments
lithium-ion destinés a la traction automobile qui different fondamentalemyent des autres
élémpents y compris ceux destinés aux applications portatives et fixes spécifiées par d'autres
normles IEC. Dans le cas d'une application automobile, il est importantyde tenir compte de la
spécfficité d'usage, c'est-a-dire la diversité de conception des packs et des systémegs de
batteries pour automobile, ainsi que la diversité des exigences)spécifiques relativey aux
éléments et aux batteries correspondant a chacune de ces conceptions. Basé sur ces faits, le
but du présent document est de fournir une méthodologie~fondamentale d'essai ayan{ une
polyMalence générale, remplissant une fonction d'essais-‘préliminaires communs pour les
élémpnts lithium-ion destinés a étre utilisés dans divers systemes de batterie. Le pré¢sent
document ne fournit aucun critére d'acceptation ou de\refus pour les essais, mais spécifi¢ une
clasdification normalisée des descriptions de résultats d'essai.

Le prlésent document est associé a I'lSO 12405;4 [1]1.

L'IECQ 62660-1 [2] spécifie les essais;de performance des éléments lithium-ion |pour
applifation aux véhicules électriques.

L'IEQ 62660-3 [3] spécifie les exigences de sécurité des éléments lithium-ion pour applicjation
aux \éhicules électriques.

1 Les chiffres entre crochets se référent a la Bibliographie.
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ELEMENTS D’ACCUMULATEURS LITHIUM-ION POUR
LA PROPULSION DES VEHICULES ROUTIERS ELECTRIQUES -

Partie 2: Essais de fiabilité et de traitement abusif

1 Domaine d’application

2018

La p
fiabil
d’acd
véhig

NOTE|

té et le comportement sous traitement abusif des éléments et des blocs déle
umulateurs lithium-ion utilisés pour la propulsion des véhicules électriques, y ecompr
ules électriques a batterie (BEV) et les véhicules électriques hybrides (HEV).

ésente partie de I'lEC 62660 spécifie les procédures d'essai destinées a obser;ier la

ents
s les

1 Les éléments d’accumulateurs lithium-ion pour la propulsion des véhicules® glectriques hyprides

rechaljgeables (PHEV) peuvent étre soumis a I'essai avec la procédure pour application BEV ou pour application
5elon la conception des systémes de batteries, sur la base de I'accord entre lg fabricant de I'élémenft et le

HEV,
client.

Le p
carag
véhig
pour
abus
et de

Le p
d'ess

NOTE|
fabric

NOTE|
définig

2 H

ésent document spécifie les procédures et les conditions,.d'essai normalisées pou
téristiques fondamentales des éléments lithium-ion utilisés pour la propulsion
ules électriques a batterie d’accumulateurs et hybrides:Kes essais sont indispens

packs de batteries.

ai a utiliser pour la conception des systémes de batteries et des packs de batteries.

2 Des blocs d’éléments peuvent étre utilisés a la place d’éléments conformément a l'accord e
int de I’élément et le client.

3 Les exigences de sécurité desi\éléments lithium-ion pour application aux véhicules électrique
s dans I'lEC 62660-3 [3].

Références normatives

Les dlocuments suivanis cités dans le texte constituent, pour tout ou partie de leur con

des
s’apq
s'apf

IEC §
aléat

exigences du “présent document. Pour les références datées, seule I'édition

lique (y,c0mpris les éventuels amendements).

pires a large bande et guide

- des
des
hbles

obtenir des données importantes sur la fiabilité et sunle comportement sous traitement
f des éléments lithium-ion utilisés dans différentes\¢onceptions de systémes de batteries

Fésent document donne une classificatioh™ormalisée de la description des résultats

tre le

sont

tenu,
citée

ligue. Poursles références non datées, la derniére édition du document de réfénence

006872-64, Essais d’environnement — Partie 2-64: Essais — Essai Fh: Vibrgtions

ISO 16750-3, Véhicules routiers — Spécifications d'environnement et essais des équipements
électrique et électronique — Partie 3: Contraintes mécaniques

ISO 16750-4, Véhicules routiers — Spécifications d'environnement et essais des équipements
électrique et électronique — Partie 4: Contraintes climatiques

ISO/TR 8713, Véhicules routiers électriques — Vocabulaire

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'|SO/TR 8713, ainsi que
les suivants s'appliquent.
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L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

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

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

3.1

véhicule électrique a batterie

BEV

véhicule électrique comportant seulement une batterie d’accumulateurs de traction comme
source d'énergie pour sa propulsion

Note ]

vehiclg

3.2
bloc
grou
(fusi
équif

3.3

véhi
HEV
vénhid
une s

Note ]
vehicl

3.4

capacité assignée

Cn
valey
spéc

Note ]
I"appli

3.5
It

courant d’essai de\téférence en ampeéres (A), exprimé comme

1, = q

Note ]

a l'article: L’'abréviation "BEV" est dérivée du terme anglais développé correspondant "battery ¢

St

d’'éléments
e d’éléments connectés ensemble en parallele avec ou sans dispositif de prote

lectric

ction

le ou résistance du coefficient de température positif (CTP), par. @emple), non encore

€ de son habillage final, ni de ses bornes et de dispositif de contréle électronique

ule électrique hybride

ule comportant
ource d'énergie

la fois un systeme de stockage d‘énergie électrique rechargeal

a
a carburant pour sa propulsion

a l'article: L’abréviation "HEV" est dérivée du terme. anglais développé correspondant "hybrid ¢

Xi

r de la capacité d'un élément en*ampéres-heures (Ah) déterminée dans des cond
fiees et déclarée par le fabricant de I’élément

a larticle: n dans C, est e temps de base en heures (h). Dans le présent document, n =3
Cation BEV et n = 1 pour I'application HEV, sauf spécification contraire.

W1

ad’article: 1 a une dimension temporelle exprimée en heures (h).

le et

lectric

tions

pour

Note 2 a l'article: Voir I'lEC 61434:1996 [4], Article 2.

3.6

température ambiante

temp

3.7
accu
éléem

érature de 25 °C + 2 K

mulateur lithium-ion
ent d’accumulateur

accumulateur unitaire dont I'énergie électrique provient des réactions d'insertio
d'extraction d'ions lithium entre I'anode et la cathode

Note 1 a l'article:

n et

L’accumulateur lithium-ion est un dispositif unitaire manufacturé élémentaire fournissant une

source d'énergie électrique par conversion directe de I|'énergie chimique. Il est constitué d'électrodes, de
séparateurs, d'électrolyte, du conteneur et des bornes; il est congu pour étre chargé électriquement.
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état de charge

SOC

capacité d'un élément, exprimée en pourcentage de la capacité assignée

2018

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

4 Conditions d'essai

4.1

Généralités

rapp

NOTE
fabric

4.2
4.2.1

Les
L'am

garantir la précision spécifiée pour chaque essai.

Pour
le de

Tout
équiv
4.2.2

Laré

4.2.3

L'ens
ou &g

4.2.4

La td
temp|
equiv

Les taractéristiques des instruments de mesure utilisés doivent étre données dans tou

rts de résultats.

L'essai et les mesures peuvent étre effectués dans des conditions de fixation recommandées
nt de I’élément.

Instruments de mesure
Amplitude des dispositifs de mesure

hppareils utilisés doivent permettre de mesurer les valeurs~de tension et de col
blitude et les méthodes de mesure de ces instruments doeivent étre choisies de fag

des instruments analogiques, cela implique quesles lectures doivent étre effectuée
rnier tiers de I'échelle graduée.

autre instrument de mesure peut étre utiJisé dans la mesure ou il donne une prég
alente.

Mesure de la tension

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

Mesure du courant

emble complet amperemetre, shunt et fils doit étre d’'une classe de précision supér,
ale a 0,5.

Mesure'de la température

Eratlre: de surface permettant une définition d’échelle et une précision d’étalo
alentes a celles spécifiées en 4.2.1. Il convient de mesurer la température a I’endro

S les

bar le

rant.

on a

5 sur

ision

eure

empérature de I'élément doit étre mesurée a l'aide d’un dispositif de mesure (Iie la
n

nage
it qui

reflet

I : Il + i 4 ] [T P4 4 ol lol (Ed 4 4 1 4 74 4
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mesurée a d’autres endroits appropriés, si nécessaire.

étre

La Figure 1 donne des exemples de mesure de la température. Les instructions de mesure de
la température spécifiées par le fabricant de I'élément doivent étre respectées.
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