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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 (hereaftenr referred 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

Tedline versionm of the official TEC-Standardaltows the user to identify 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 62660-1 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) The purpose of each test has been added.
b) The power test has been revised for clarification, and an nformativé part ol the cufrent-
vpltage characteristic test has been moved to the new Annex C.
The fext of this International Standard is based on the following documents:
FDIS Report on voting
21/975/FDIS 21/985/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 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 websgite.
The ¢ommittee has decided that the contents of, this document will remain unchanged untjil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the doeument will be
e rgconfirmed,
e wlithdrawn,
o re¢placed by a revised edition, or
e amended.
IMPOQRTANT — The““colour inside” logo on the cover page of this publication indigates
that |t containS~colours which are considered to be useful for the correct understanding
of it4 contents. Users should therefore print this publication using a colour 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-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 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.

This |document specifies performance testing for automobile traction lithium-ion-gells| that
basidally differ from the other cells including those for portable and stationary.applications
spec|fied by other IEC standards. For automobile application, it is important to note the usage
specfficity; i.e. the design diversity of automobile battery packs and systems, and spgcific
requirements for cells and batteries corresponding to each of such designs."Based on fhese
facts| the purpose of this document is to provide a basic test methedology with geperal
versatility, which serves a function in common primary testing of lithium=jon cells to be used in
a varjety of battery systems.

This document is associated with4S0-12405-1-and 1SO-12405-24 |SO 12405-4 [1]2.

IEC $2660-2 [2] specifies the reliability and abuse testing for lithium-ion cells for elgctric
vehidle application.

IEC 62660-3 [3] specifies the safety requiremefts of lithium-ion cells for electric vdhicle
appligation.

1__Underconsideration-

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

Part 1: Performance testing

1 Scope

This
used
elect

NOTE]
the pr
agree

This
ion ¢

storafge life and cycle life.

This
perfo
indis

for various designs of battery systems and battery pacKs.

NOTE]
can b
Annex

NOTE
refere

NOTE|
+SO-1]

2 N

The
contg
cited
any @

part of IEC 62660 specifies performance and life testing of secondary lithium-ion
for propulsion of electric vehicles including battery electric vehicles (BEV) and. h
ric vehicles (HEV).

1 Secondary lithium-ion cell used for propulsion of plug-in hybrid electric vehicle (PHE\) can be tes
bcedure either for BEV application or HEV application, according to the battery system désign, based
ment between the cell manufacturer and the customer.

cells
ybrid

ed by
bn the

document specifies the test procedures to obtain the essential Characteristics of lithium-

blls for vehicle propulsion applications regarding capacity, power density, energy de

document provides the standard test procedures *and conditions for testing
rmance characteristics of lithium-ion cells for vehicle-propulsion applications, whic
bensable for securing a basic level of performance*and obtaining essential data on

2 Based on the agreement between the cell manufacturer and the customer, specific test condition
b selected in addition to the conditions specified-nh-this document. Selective test conditions are descri
A.

3 The performance tests for the electrically connected lithium-ion cells—may can be performe
hce to this document.

4 The test specification for Jithitm-ion battery packs and systems is defined in—1SO-12405-
PAQ5-2 (under-consideration) 1IS@12405-4 [1].

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

mendments) applies.

nsity,

basic
h are
cells

5-may
bed in

I with

L —and

their
dition

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

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

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

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

3.1

battery electric vehicle

BEV

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

3.2

hybr
HEV
vehig

d electric vehicle

le with both a rechargeable energy storage system and a fuelled poweb sourc

propuilsion

3.3
rated
C

capacity

n - . -
quantity—ofelectricityC,—-Ah{ampere-hours)for BEV—and-C, AhFfor HEV declaredb
manyfacturer

capa
decld

Note ]
HEV 4

3.4
refed

It
[Soaee

LA
wher]
C s
refer

I, =g

Note ]

Note 3

City value of a cell in ampere hours (Ah) determined\under specified conditions
red by the cell manufacturer

to entry: nin C, is the time base in hours (h). In this dgedment, n = 3 for BEV application and n
pplication unless otherwise specified.

ence test current

=G ARY Ry

)

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

/1

n

to entry*> 1 has a dimension of time in hours (h).

toentry: See |IEC 61434:1996 [4], Clause 2.

e for

and

1 for

3.5

room temperature

temp

3.6
seco
cell

erature of 25 °C + 2 K

ndary lithium-ion cell

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

react

ions 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 electrical
energy by direct conversion of chemical energy. It consists of electrodes, separators, electrolyte, container and

termin

als, and is designed to be charged electrically.


https://iecnorm.com/api/?name=b47eb7d11578b94ed83c76dd35f6dcd3

IEC 62660-1:2018 RLV © |IEC 2018 -9-

3.7

state of charge

SOoC

available capacity in a-battery cell expressed as a percentage of rated capacity

3.8
charge retention
ability of a cell to retain capacity on open circuit under specified conditions of storage

4 Test conditions

4.1 General

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

Test fand measurement shall be conducted with caution to prevent a shéfrt circuit.

NOTE| Test and measurement can be conducted under fixing condition recommerded by the cell manufacturpr.

4.2 | Measuring instruments
4.2.1 Range of measuring devices

The [instruments used shall enable the values ©of voltage, current and temperature to be
meagured. The range of these instruments and<measuring methods shall be chosen so ps to
ensufe the accuracy 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 instrumentsimay be used provided they give an equivalent accuracy}

4.2.2 Voltage measurement

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

4.2.3 Current\measurement

The pntire_assembly of ammeter, shunt and leads shall be of an accuracy class of 0[5 or
bettef.

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—sheuld shall be measured at a location which most closely reflects the cell
temperature. The temperature may be measured at additional appropriate locations, if
necessary.

The examples for temperature measurement are shown in Figure 1. The instructions for
temperature measurement specified by the cell manufacturer shall be followed.
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Prismatic or flat cell Cylindrical cell

O O Temperature measuring device @

=
Cell

Call Call

4.2.5

Othe
provi

4.3

The
valug

geze
B

S5t

Figure 1 — Example of temperature measurement of cell

EC

Other measurements

[ values
ded that it complies with 4.3.

may be measured by use of a measuring de

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.

vice,

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

the

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
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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 Dimension measurement

The maximum dimension of the total width, thickness or diameter, and-lenrgth height of a cell
shall be measured at room temperature up to three significant figures in accordance with the
tolerances in 4.3.

Examples of maximum dimensions are shown in Figures 2a to 2f.
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E D E D
IEC 2862/10 IEC 2863/10
B
A —> A B
< - > >
1 | —
D
E D, E
IEC 2864/10 IEC 2869/10
A A
|l ——p] l———p
|‘| y ] i I
11 T D T B
E t
T e b ] v s [
— — e
IEC 2866/10 IEC 2867/10
Figure 2e —Flat cel-(1) Figure 2 —Flat cel(2)
Key
A—total-width
B—total-thickness
C——diameter
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[T} [a] i [a]
IEC
TEC
Figure 2a — Cylindrical cell (1) Figure 2b — Cylindrical cell (2)
B
A <>
< P
] ] ——— A B
- - P
w o
L
a)
IEC
IEC
Figure 2c — Prismatic cell (1) Figure 2d — Prismatic cell (2)
A A
|—>> l————>]
‘| A ] i |
o o
w L
Y .
B e [ ] v s [
—
IEC Ed

Figurp 2e — Prismatic cell with laminate film case (1) Figure 2f — Prismatic cell with laminate film cage (2)
Key
A tOta: V\lldth D tuta: hcluht (;Ilb:ud;lly tCIIII;IIG:O)
B total thickness E total height (excluding terminals)
C diameter

Figure 2 — Examples of maximum dimensions of cell

NOTE Prismatic cells are provided with either a rigid metal case or flexible laminate film case. A prismatic cell
with laminate film case is usually called a pouch cell.

The volume of a prismatic cell is given by the product of its total height excluding terminals,
total width, and total thickness, and that of a cylindrical cell is given by the product of the
cross section of the cylinder and its total height excluding terminals.
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6 Mass measurement

2018

The mass of a cell is measured at room temperature up to three significant figures in
accordance with the tolerances in 4.3.

7 Electrical measurement

7.1

General

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

Befo

e each test, the cell temperature shall be stabilized at room temperature accordi

4.4, inless otherwise specified.

The gmbient temperature shall be the room temperature unless otherwise spegcified.

7.2

Unle
be ch

Prior
desc
Then
decls

7.3
The

Phas|

After

Phas
the €
and (

NOTE]

General charge conditions

ESs 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 constant cy
ibed in Table 1 down to an end-of-discharge voltage-specified by the cell manufac

red by the cell manufacturer.

Capacity

apacity of a cell shall be measured in accordance with the following phases.
e 1 — The cell shall be charged in“accordance with 7.2.
recharge, the cell temperature shall be stabilized in accordance with 4.4.

e 2 — The cell shallbe.discharged at specified temperature at a constant current I,
nd-of-discharge yva@ltage that is provided by the cell manufacturer. The discharge cJ
ell temperaturestindicated in Table 1 shall be used.

. . . inedi .

hg to

shall

rrent
urer.

, the cell shall be charged at room temperatare according to the charging me¢thod

A) to
rrent

In ad

difibn to Table 1, specific test conditions may be selected based on the agree

jment

between the cell manufacturer and the customer.

Table A.1.

Table 1 — Discharge conditions

Discharge current
Cell temperature

A
°C
BEV application HEV application
0
25 131, 11
45

Selective test conditions are shown in
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Phase 3 — Measure the discharge 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).

7.4

SOC adjustment

The test cells shall be charged as specified below, unless otherwise specified. The SOC
adjustment is the procedure to be followed for preparing cells to the various SOCs for the

tests

Phas

in this document.

e 1 — The cell shall be charged in accordance with 7.2.

Phasfe 2 — The cell shall be left at rest at room temperature in accordance with 4.4,

Phase 3 — The cell shall be discharged at a constant current according.to. Table

(100
is Sq

7.5
7.5.1

This
usag

Base
powse

The
coml

7.5.2

The tfest shall be carried out in acecordance with the following procedure.

a)

b)

- n)/100 x 3 h for BEV application and (100 — n)/100 x 1 h for HEV applieation, wh
C (%) to be adjusted for each test.

Power
General

test is intended to determine the power characteristics, 0f"a cell under the represent
b conditions of BEV and HEV applications.

d on the current-voltage characteristic test in €/572, the power density and regene
r density of a cell shall be calculated according to 7.5.3 and 7.5.4, respectively.

bower density and regenerative powerxdensity shall be calculated and reported for
ination of SOC and temperature in 7.5.2.

Test method

ass measurement

ass of the cell shall.be measured as specified in Clause 6.
imension measurement

imensions _efthe cell shall be measured as specified in Clause 5.
OC andtemperature adjustment

he tesf in 7.5.2 d) shall be conducted under each combination of SOC and
mperature at the test commencement as specified in Table 2, according to the procH

1 for
Bre n

ative

ative

each

cell
dure

M
M
O
D
S
v
te
S

peeified by the cell manufacturer

S

OC shall be adjusted according to 7.4.

Table 2 — SOC and temperature condition for power test

SOC Cell temperature
% °C
20 25
50 -20 0 25 40
80 25

NOTE Selective test conditions are shown in Table A.2.
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d) Current-voltage characteristics test
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Discharge the cell for 10 s at the maximum current for discharge specified by the cell

manufacturer (l4,,,x), and measure the voltage at the end of the 10 s pulse (Uy).

Charge the cell for 10 s at the maximum current for charge specified by the cell
manufacturer (l;,,x), @and measure the voltage at the end of the 10 s pulse (U,).

The values of I, and | change depending on SOC, test temperature and charge or

discharge state.

cmax

The charge and discharge limits of current and voltage at low temperature specified by the
cell manufacturer should be taken into account.

In case that Iy, and | are not available, the value may be obtained according to the

test in Annex C

cmax

7.5.3 Calculation of power density
7.5.31 Power calculation
The power shall be calculated according to Equation (1) and is rounded to |three significant
figurgs.
Fa =Uq X lgmax (1)
wherp
Pqg is the power (W);
Uqg is the measured voltage at the end of the 10 s{ulse of |;,,,, discharge (V),
lgmad IS the maximum discharge current which is;specified by the cell manufacturer (A).

If P4 s an estimated value, this shall be stated.

7.5.

3.2 Power density per unit mass

Masq power density—is shall be caleulated from Equation (2), and is rounded to three

significant figures.

Py
—_4d 2

ppd m ( )
wherp
Ppd is the power density (W/kg);
Pq |is thespower (W),
m isd¢he mass of the cell (kg).
7.5.3.3 Power density per unit volume

Vol

umetric power density shall be calculated from Equation (3), and is rounded to three

significant figures.

P
Povim =+, ©

<|d

where

Ppvim is the volumetric power density (W/I);

Pd

is the power (W);
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\Y is the volume of the cell (I).

7.5.4 Calculation of regenerative power density
7.5.4.1 Regenerative power

Regenerative power shall be calculated according to Equation (4) and is rounded to three

significantfigures-

Fe =U¢ X lemax (4)

wherp

P. |is the regenerative power (W),

is the measured voltage at the end of the 10 s pulse of | charge (V);

cmax
is the maximum charge current specified by the cell manufacturer (A).

If P, Js an estimated value, this shall be stated.

7.5.42 Regenerative power density per unit mass

Regdnerative power density per unit mass shall be calculated from Equation (5) and is
roungled to three significant figures.

P
Ppc :FC (5)
wherp
Ppc is the regenerative power density (W/kg);
P. |is the regenerativetpower (W),
m is the mass of thelcell (kg).
7.5.43 Regenerative power density per unit volume

Volumetric regenerative power density-is shall be calculated from Equation (6) and is rounded
to thjee significant figures.

P

Ppvime :VC (6)
where
Ppvime is the volumetric regenerative power density (W/I);
Pc is the regenerative power (W);

\Y is the volume of the cell (I).
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7.6 Energy
7.6.1 General

This test is intended to determine the energy density that can be derived from a cell under the
representative usage conditions of BEV and HEV applications.

Based on the test in 7.6.2, the energy density of a cell shall be calculated according to 7.6.3.

7.6.2 Test method

Massmmwwm@mmmmmwmwmmmmﬂrrem
discharge of 1/31; (A) for BEV application and 11, (A) for HEV application shall be determined

accofding to the following procedure.

a) Mass measurement

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

b) Dimension measurement
Dimensions of the cell shall be measured as specified in Clause 5;

c) Clapacity measurement
Clapacity of the cell shall be determined in accordance with,/7-3 at room temperature.

d) Alverage voltage calculation
The value of the average voltage during discharging in the above capacity test shall be
optained by integrating the discharge voltage .ovefr time and dividing the result by the
dlscharge duration. The average voltage is<calculated in a simple manner using the
fqllowing method: Discharge voltages U;, Uy, U, are noted every 5 s from the timg the
d|scharging starts and voltages that cut off,the end-of-discharge voltage in less thap 5 s
afe discarded. The average voltage Uy, is then calculated in a simplified manner ysing
Ejguation (7) up to three significant figukes by rounding off the result.

U,;+U, +---+U
Uavr =1 -2z 0 (7)
n
NOTE

7.6.3 Calculation ofyenergy density
7.6.31 Energydensity per unit mass

The ass energy density shall be calculated using Equation (8) and Equation (9) up to three
significant<figures by rounding off the result.

Wea=Calawr (8)

where

Woq Iis the electric energy of the cell at room temperature (Wh) when discharged under
specified conditions;

Cq is the discharge capacity (Ah) at 1/31; (A) for BEV or 11, (A) for HEV,

U is the average voltage during discharging (V).

avr

Wed
m

Ped = 9

where
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7.6.3

is the mass energy density (Wh/kg);

is the electric energy of the cell at room temperature (Wh) when discharged under

specified conditions;

is the mass of the cell (kg).

2 Energy density per unit volume

The volumetric energy density shall be calculated using Equation (10) up to three significant
figures by rounding off the result.

wher

Pevim

Wea

Pevimd = v

D

4 is the volumetric energy density (Wh/l);

is the electric energy of the cell at room temperature (Wh) when discharged U
specified conditions;

is the volume of the cell (I).

(10)

nder

7.7.1
This
or ng
in 7.7
7.7.2

This
inclu

The

Storage test
General

fest is intended to determine the capacity retaining characteristics of a cell under stg
n-use, and is composed of the clrarge retention test in 7.7.2 and the storage lifg
3.

Charge retention test

test is intended to determine the charge retention characteristics of a cell under std
ling transportation,

charge retention-characteristics of the cell at a 50 % SOC shall be determined acco

to th¢ following-precedure.

Phase 1 —<Fhe cell shall be charged in accordance with 7.2.

Pha

— i 0,

rage
test

rage

rding

in 7.4. Then, the cell shall be stabilized at-test room temperature for 1 h.

Cified

NOTE The SOC value can be changed according to the agreement between the customer and the cell

manuf

acturer.

Phase 3 — Discharge the cell to the end-of-discharge voltage at a discharge current of 1/31; (A)
for BEV application and 11; (A) for HEV application and at room temperature. This discharge
capacity is Cy,.

Phas

Phas

e 4 — Repeat phases 1 and 2 one time.

e 5 — The cell shall be stored for 28 days at an ambient temperature of 45 °C+=2K.
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Phase 6 — After phase 5, the cell shall be stabilized at room temperature according to 4.4.
Then, discharge the cell at a constant current of 1/31; (A) for BEV application and 11, (A) for
HEV application—-atroom-—temperature until the end-of-discharge voltage, and then measure
the capacity of cell. This discharge capacity is C,.

Charge retention ratio shall be calculated according to Equation (11).

R=Sr 100 (11)
Cb

wherp

R is the charge retention ratio (%);
C, is the capacity of the cell after storage (Ah);
Cy |is the capacity of the cell before storage (Ah).

7.7.3 Storage life test

This [test is intended to determine the degradation characteristicszQt7a cell under the stgrage
or ndn-use of BEV and HEV applications.

The $torage life of a cell shall be determined according to the following procedure.

Phase 1 — Determine the capacity, power density andregenerative power density of the dell in
accofdance with 7.2, 7.3 and 7.5.

Phase 2 — Adjust the SOC of the cell to 1007% for BEV application, and to 50 % for|HEV
applifation in accordance with 7.4. The cell>shall then be stored for 42 days at an ampient
temperature of 45 °C+=2K.

Phase 3 — Following the storageCof phase 2, the cell shall be—kept stablized at foom
tempgrature according to 4.4 ahd discharged at a constant current of 1/31; (A) for|BEV
applipation and 11, (A) for HE\Aapplication, down to the end-of-discharge voltage specifi¢d by
the dell manufacturer. Thenjuneasure the capacity of the cell. This discharge capacity is the
retained capacity (Ah). «The power density and regenerative power density shall alsp be
meagured.

Phase 4 — Repeat:stepl; phase 2 and phase 3 for three times.

The tapacity;-power density, regenerative power density and retained capacity measurgd in
phasg 1 and phase 3 shall be reported.

If the cell 1s stored at room temperature during the test for rest such as for test timing
adjustment, the total time of such rest shall be reported.

7.8 Cycle life test

7.8.1 General

The—eyclelife—test-shall-beperformed This test is intended to determine the degradation

characteristics of the cell by charge and discharge cycles representing the normal usage
conditions of BEV and HEV applications.

The cycle life performance of a cell for BEV application and HEV application shall be
determined according to the tests in 7.8.2 and 7.8.3.
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NOTFE The-eycle life test sequence is shown in Annex B.

NOTE Selective test conditions are shown in Table A.3.

7.8.2 BEV cycle test

7.8.2.1 Measurement of initial performance

Before the charge and discharge cycle test, measure the capacity, dynamic discharge
capacity, and power as the initial performance of the cell.

7.8.2[2 Charge and discharge cycle

The ¢harge and discharge cycle test shall be performéd)as follows.

Capacity

The capacity shall be measured as specified in 7.3 at 25 °C=+2XK.

Dynamic discharge capacity Cp

The dynamic discharge capacity Cp, shall be measured at 25 °C =2-K-and 45 C=2K.
T

d

he dynamic discharge capacity is defined by the time integrated valag-of chargg and
scharge current confirmed by the following test: Discharge the™ully charged| cell
gpeatedly by the dynamic discharge profile A specified in Table 3@nd Figure 3 untjl the
vpltage reaches the lower limit specified by the cell manufacturer

-

Plower
The power shall be measured as specified in 7.5 at 25 °C#£-2K and 50 % SOC.

At the start of the test, cell temperature shall be 45 °C. The ambient temperature shall be
45 °C.

TEest phases
T

d

he—ecyele Thelprocedure from phase 1 to phase 5 shall be continuously repeated fpr 28
ys. Therest time of less than 4 h can be set between each phase. Then, measurg the
performanee of the cell as specified in 7.8.2.2 c). This procedure shall be repeated| until
the tesStitermination specified in 7.8.2.2 d).

Phase 1 — The cell shall be fully discharged by the method specified by thel cell
manufacturer.

Phase 2 — The cells shall be fully charged by the method specified by the cell
manufacturer. The charge time shall be less than 12 h.

Phase 3 — Discharge the cell following the dynamic discharge profile A specified in
Table 3 and Figure 3 until the discharged capacity reaches equivalent to 50 % + 5 % of
the initial dynamic discharge capacity Cp at 45 °C.

If the voltage reaches the lower limit specified by the cell manufacturer during phase 3,
the test shall be discontinued notwithstanding the stipulation in 7.8.2.2 d), and the cell
performance shall be measured at this point as specified in 7.8.2.2 ¢).

If the temperature of the cell reaches the upper limit specified by the cell manufacturer
during phase 3, the duration of-chargeldischarge test step 20 in Table 3-—can may be
extended to an appropriate value. The actual duration time shall be reported.
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If the voltage reaches the maximum limit specified by the cell manufacturer during a
charge step in Table 3, constant-voltage charge at the maximum voltage shall be applied
until the end of duration of this step.

In this profile, the test power shall be calculated using Equation (12):

Prax = NWeq (12)
where
Pmax is the test power (W);
N is—a-value /’l/h\ aof vahiclo mm"md mayimiim power of cell the rpmnrpd maximum
cell power (W) divided by the energy of the cell (Wh) with units of (1/h)
NOTE The value of N = 3/h is an example based on the specifications of commercialized*BEVE.
Weg is the electric energy of the cell at room temperature (Wh) when diseharged under
specified conditions.
Iff the value derived from Equation (12) is larger than the maximum-\power of thg cell
specified by the cell manufacturer, the test power shall be defined as 80 % of the
nlaximum power at room temperature and at 20 % SOC specified(by-the cell manufacturer.
The power value actually used shall be reported.
Table 3 — Dynamic discharge profile A for®EV cycle test
Chafgeldischarge Test Duration Ratio to test_power Charge/discharge
step S %
1 16 0,0 -
2 28 +12,5 Discharge
3 12 +25,0 Discharge
4 8 -12,5 Charge
5 16 0,0 -
6 24 +12,5 Discharge
7 12 +25,0 Discharge
8 8 -12,5 Charge
9 16 0,0 -
10 24 +12,5 Discharge
11 12 +25,0 Discharge
12 8 -12,5 Charge
13 16 0,0 -
14 36 +12,5 Discharge
15 8 +100,0 Discharge
16 24 +62,5 Discharge
17 8 -25,0 Charge
18 32 +25,0 Discharge
19 8 -50,0 Charge
20 44 0,0 -
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Figure 3 — Dynamic discharge profile A for BE\.cycle test

hase 4 — Discharge the cell following the dynamic discharge profile B (hill clin
rofile) specified in Table 4 and Figure 4 for one time. The“test power shall be calcu
5ing Equation (12).

the voltage reaches the lower limit specified by~the cell manufacturer during pha
e test shall be discontinued notwithstanding €he” stipulation in 7.8.2.2 d), and theg
erformance shall be measured at this point as.specified in 7.8.2.2 c).

the battery voltage frequently reaches the' lower limit voltage during-charge/diseh
st step 16, the discharge power and.duration-can may be changed appropriately
Ctual test values shall be reported accordingly.

hbing
lated

5e 4,
cell

arge
The
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Table 4 — Dynamic discharge profile B for BEV cycle test

Test Duration Ratio to test power Charge/discharge
step S %
1 16 0,0 -
2 28 +12,5 Discharge
3 12 +25,0 Discharge
4 8 -12,5 Charge
5 16 0,0 -
[§] 24 +12,5 Discharge
7 12 +25,0 Discharge
8 8 -12,5 Charge
9 16 0,0 N
10 24 +12,5 Discharge
11 12 +25,0 Discharge
12 8 -12,5 Charge
13 16 0,0 -
14 36 +12,5 Discharge
15 8 +100,0 Discharge
16 120 +62,5 Discharge
17 8 25,0 Charge
18 32 +25,0 Discharge
19 8 -50,0 Charge
20 44 0,0 -
Discharge %
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< 80
>
_ 60 | S
(3]
2
g 40
240 r r r
! J—, —
= 0 -
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2 |
= 20
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-40
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Figure 4 — Dynamic discharge profile B for BEV cycle test

Phase 5 — Discharge the cell following the dynamic discharge profile A specified in
Table 3 and Figure 3 until the overall discharge capacity including phase 3 and phase 4
reaches equivalent to 80 % of initial Cp at 45 °C.
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If the temperature of the cell reaches the upper limit specified by the cell manufacturer
during phase 5, the duration of-chargeldischarge test step 20 in Table 3-—can may be
extended to an appropriate value. The actual duration time shall be reported.

If the voltage reaches the lower limit specified by the cell manufacturer during phase 5,
the test shall be discontinued notwithstanding the stipulation in 7.8.2.2 d), and the cell
performance shall be measured at this point as specified in 7.8.2.2 c).

c) Periodical measurement of performance
After every completion of the repetition from phase 1 to phase 5 for 28 test days, the
performance of the cell shall be measured as specified in 7.8.2.1. The accumulated time
from phase 1 to phase 4 in 7.8.2.2 b) shall also be reported. The dynamic discharge
cgapacity shall be measured at 25 "C==2-+K only.
d) Termination of test
The cycle life test shall be terminated when either of the following conditions-is satigfied.
Qtherwise, go back to 7.8.2.2 a) and repeat the test.
Condition A — The test sequence from 7.8.2.2 a) to 7.8.2.2 c)-is—frepeated has [peen
performed six times.
Condition B ——When Any of the performance parameters measured in 7.8.2.2 c) is
decreased to less than 80 % of the initial value.
Condition C — The temperature of cell reaches the upper(limit agreed between thg cell
nlanufacturer and the customer during the test.
The number of times that each profile and each cyclerare implemented during thqg test
shall be reported.
7.8.3 HEV cycle test
The bvela life nerformance-of cell for HE\, annhecation-shall ha determined-bv-the folldwina
The-tycle-lifeperformanceof cell for HEV application-shall-be-determined-by-the follgwing
test methods-
7.8.31 Measurement of initial performance

Before the charge and dischargex¢ycle test, measure the capacity and power as the [nitial

perfgrmance of cell.

7.8.32 Rrofile switching voltage

Clapacity

The capacity shall beimeasured as specified in 7.3 at 25 °C+2XK.

Plower

The power shall'be measured as specified in 7.5 at 25 °C=+=2K and 50 % SOC.

Before{the cycle life test, set switching voltages at which discharge-rich profile| and

chargez=rich profile specified in 7.8 3 3 ¢) shall be switched aver

a)

b)

Switching voltage from discharge-rich profile to charge-rich profile

Adjust the SOC of the cell to 30 % according to 7.4, and then perform the cycle test with
discharge-rich profile at 45 °C for one time. The lowest voltage achieved during this test
shall be the switching voltage from discharge-rich profile to charge-rich profile. If the
achieved lowest voltage is lower than the cell manufacturer’s specified lower limit voltage,
the latter shall be the switching voltage. The cell manufacturer's recommended SOC of
cell may be used additionally.

Switching voltage from charge-rich profile to discharge-rich profile

Adjust the SOC of the cell to 80 % according to 7.4, and then perform the cycle test with
charge-rich profile at 45 °C for one time. The highest voltage achieved during this test
shall be the switching voltage from charge-rich profile to discharge-rich profile. If the
achieved highest voltage is higher than the cell manufacturer's specified upper limit
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voltage, the latter shall be used as switching voltage. The cell manufacturer's

recommended SOC of cell may be used additionally.

7.8.3.3 Charge and discharge cycle

The charge and discharge cycle test shall be performed as follows.

a)

b)

Temperature
The ambient temperature shall be maintained at 45 °C+2K-inacecordance-with-4-4 d

uring

the test. At the start of charge and discharge cycle, cell temperature shall be 45 °C+=2K

Aldjustment of SOC before charge and discharge cycle

The cells shall be left at a temperature of 45 °C—+2K, and be adjusted to 80/%S(
the SOC agreed between the cell manufacturer and the customer within an interval of
tq 24 h, in accordance with 7.4. If 80 % SOC is not used, the used SOC shallhbe repo

Gharge-and-discharge-cycle Test phases

The procedure from phase 1 to phase 4 shall be continuously repéated until the
tgrmination specified in 7.8.3.3 e). During the test, the performance of the cell shg
neasured periodically as specified in 7.8.3.3 d).

Iff the temperature of the cell reaches the upper limit specified by the cell manufad
dpring the test, the duration of-chargeldischarge test step/16 in Table 5 and Table ¢
reported.

hase 1 — The charge and discharge cycle shall be carried out repeatedly throug
scharge-rich profile given by Table 5 and Figure 5 until the cell voltage reache
vitching voltage set in 7.8.3.2 a) (see Figure ).

narge-rich profile given by Table 6 ‘and Figure 6 until the cell voltage reaches
vitching voltage set in 7.8.3.2 b) (seé&Figure 7).

P
d
s
Phase 2 — The charge and discharge cy¢le shall be carried out repeatedly throug
c
s
Phase 3 — Repeat phase 1 and phase 2 for 22 h.

P

hase 4 — Rest the cell for 2 h.

C or
16 h
ted.

test
Il be

turer
—Cat

nmay be extended to an appropriate duration time. The actual duration time shall be

the
5 the

=

h the
the
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Table 5 — Discharge-rich profile for HEV cycle test

Chargeldischarge Test Duration Current ]
Charge/discharge
step s A
1 5 20 1, Discharge
2 10 10 1, Discharge
3 32 51 Discharge
4 20 01, -
5 5 -151, Charge
6 10 -10 1, Charge
7 37 =51 Charge
8 20 01, -
9 5 151, Discharge
10 10 101, Discharge
11 37 51, Discharge
12 20 01, -
13 5 -12,5 1, Charge
14 7 =751, Charge
15 35 =5 1 Charge
16 42 0, -
3
25
20
15
10
= 5
<
o 0 >
c
£ -5
3 r
-10 1]
-15
-20
—25
0 50 100 150 200 250 300
| Time (S)
v IEC

Figure 5 — Discharge-rich profile for HEV cycle test

If the maximum current specified by the cell manufacturer is below 201, the cell
manufacturer's specified maximum current may by used at-charge/discharge test step 1,

along with replacing the current at-chargel/discharge test step 6 with 50 % of the cell
manufacturer's specified maximum current.
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Table 6 — Charge-rich profile for HEV cycle test

Chargeldischarge Test Duration Current ]
Charge/discharge
step s A
1 5 -151, Charge
2 10 -10 1, Charge
3 37 =51 Charge
4 20 01, -
5 5 20 1, Discharge
6 10 10 1 Discharge
7 32 51 Discharge
8 20 01, -
9 5 -12,5 1, Charge
10 7 =751, Charge
11 49 =51 Charge
12 20 0l -
13 5 151, Discharge
14 10 10 I Discharge
15 23 5h Discharge
16 42 0l -
A
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-10 Jr
-15
-20
25
0 100 150 200 300
I Tima (c)
\ 7

IEC

Figure 6 — Charge-rich profile for HEV cycle test

If the maximum current specified by the cell manufacturer is below 201, the cell
manufacturer's specified maximum current may be used at-chargel/discharge test step 5,
along with replacing the current at-chargeldischarge test step 2 with 50 % of the cell
manufacturer's specified maximum current.
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Figure 7 — Typical SOC swing by combination of two profiles for HEV cycle test

eriodical measurement of performance

fter every completion of the procedure from phase(l*to phase 4 for seven days
bwer of the cell shall be measured as specified in\7.8.3.1. The capacity of the cell
b measured every 14 days as specified in 7.8.3-4:

Frmination of test

he cycle life test shall be terminated when either of the following conditions is sati
therwise, go back to 7.8.3.3 a) and repeat the test.

ondition A — The test in 7.8.3.3 ¢) is-fepeated for a total of six months.

ondition B ——When Either of the® performance parameters measured in 7.8.3.3
bcreased to less than 80 % ofcthe initial value.

he number of times that each profile is implemented and that the switching voltage
ached shall be reported.

Energy efficiency\test
General

test is inténded to determine the charging efficiency of a cell under the represent
b conditions of BEV or HEV application.

gy efficiency of cells shall be determined by two common tests as specified in 7.9.2

, the
shall

sfied.

d) is

5 are

ative

and

of tests described in 793 and 79 4

7.9.2

7.9.2

Common tests for BEV and HEV applications

A Common test for normal conditions

This test aims to determine the efficiency of a cell in normal charging under the representative
usage conditions of BEV and HEV applications.

This test is applicable to cells used in HEVs and BEVs. The test shall be carried out in
accordance with the following procedure.

a) The cell shall be left at rest at room temperature for a minimum of 1 h and a maximum of

4

h after full charge. The test shall then be commenced.

b) Discharge the cell by the method specified in 7.3 at room temperature.
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Energy efficiency test at 100 % SOC:

1) leave the cell at rest for 4 h, and then charge it to 100 % SOC by the method
recommended by the cell manufacturer;

2) leave the cell at rest for 4 h, and then discharge it by the method specified in 7.3 at
room temperature.

Energy efficiency test at 70 % SOC:

1) leave the cell at rest for 4 h, and then charge it to 70 % SOC by the method
recommended by the cell manufacturer;

2) leave the cell at rest for 4 h, and then discharge it by the method specified in 7.3 at
FOOIT tefmperature.

Clalculation of the discharge electric quantity and charge electric quantity

The electric quantity during the discharge and charge can be calculated ‘using the
fgllowing method: read the discharge and charge currents | at intervals™of s segonds
4 < 30) from the start of the discharge; then, calculate the discharge electric quantify Qg
apd charge electric quantity Q. using Equation (13).

et 0y
Q= 3600
s

(13)

where
Q is the discharge electric quantity or charge electric quantity (Ah);

Il is the discharge current value or chargecurrent value at point n of meagured
intervals (A).

alculation of the discharge electric energy,and charge electric energy.

ethod: read the discharge currents~l' and the discharge voltages- U at intervalg of s
pconds (s < 30) from the start of_discharge; then, calculate the discharge electric energy
4 and charge electric energy, W, using Equation (14).

G
The electric energy during the dischargevand charge can be calculated using the follgwing
m
s

LW+ LU, +---+1,U,
3600
S

W= (14)

where
W is the discharge electric energy or charge electric energy (Wh);

I| is the_charge current value or discharge current value at point n of meagured
intervals (A);

U,\isthe discharge voltage value at point n of measured intervals (V).

Calculation of energy efficiency

Determine the coulomb efficiency using Equation (15) and the energy efficiency using
Equation (16).

7e =%x100 (15)

C
where
ne is the coulomb efficiency (%);
Qg is the discharge electric quantity in 7.9.2.1 e) (Ah);
Q. is the charge electric quantity in 7.9.2.1 e) (Ah).
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W
Mo =W—d><100

where
ne is the energy efficiency (%);
Wy is the discharge electric energy in 7.9.2.1 f) (Wh),

W, is the charge electric energy in 7.9.2.1 f) (Wh).

(16)

7.9.2/2 Test by temperature

This fest is intended to determine the energy efficiency of a cell in normal charging@tdiff
temprature conditions.

This fest is applicable to cells used in HEVs and BEVs.

The [test shall be carried out in accordance with the following-‘procedure at the
tempgratures of —20 °C+2K, 0 °C=+=2K, and 45 °C+2K.

a)
b)

c)
d)

e)
f)
9)

ull charge at room temperature.

16 h and a maximum 24 h.

F
T
0
Discharge the cell by the method specified in 7.3 &t each test temperature.
Ejnergy efficiency test at 100 % SOC:

1

at each test temperature, leave the cell*at rest for 4 h, and then charge it to 1
SOC by the method recommended by.thé cell manufacturer;

2) leave the battery at rest for 4 h, and then discharge it by the method specified in 7
Calculate discharge electric quantity-and charge electric quantity using Equation (13).
Calculate discharge electric enekrgy and charge electric energy using Equation (14).

Clalculate coulomb efficiency and energy efficiency using Equation (15) and Equation

NoTE| The charge/discharge limits at low temperature specified by the cell manufacturer s
be taken into account.

7.9.3 Test for cels of BEV application

This fest is applicable to cells used in BEVs, and intended to determine the energy effic
of a ¢ell underfast charging conditions.

The test.shall be carried out in accordance with the following procedure.

a)

b)
c)

d)

erent

test

hermal equilibration of the cell at the test temperature;, and start testing after a minimum

DO %

3.

16).

nould

ency

The cell shall be left at rest at room temperature for a minimum of 1 h and a maximum of

4 h after full charge. The test shall then be commenced.
Discharge the cell by the method specified in 7.3.
Energy efficiency test at 80 % SOC:

1) leave the cell at rest for 4 h, and then charge it to 80 % SOC at 2I. If the voltage
reached the upper limit voltage specified by the cell manufacturer, charging shall be

terminated;

NOTE Selective test conditions are shown in Table A.4.

2) leave the cell at rest for more than 4 h until the cell has attained the test temperature,

and then discharge it by the method specified in 7.3.
Calculate discharge electric quantity and charge electric quantity using Equation (13).



https://iecnorm.com/api/?name=b47eb7d11578b94ed83c76dd35f6dcd3

- 34 - IEC 62660-1:2018 RLV © |IEC 2018

e) Calculate discharge electric energy and charge electric energy using Equation (14).
f) Calculation of energy efficiency

Determine the coulomb efficiency using Equation (17) and the energy efficiency using
Equation (18).

Ne1 =%><100 (17)
cl

where

ngT 1S thecoutomeffrerency (967,
Q1 s the discharge electric quantity in 7.9.3 d) (Ah);
Q1 Iis the charge electric quantity in 7.9.3 d) (Ah).

Way
=—=x100 18
Tle1 W, (18)
where
nky is the energy efficiency (%);
Wq4 is the discharge electric energy in 7.9.3 e) (Wh);
W.; is the charge electric energy in 7.9.3 e) (Wh).

7.9.4 Energy efficiency calculation for cells of HEV application

This test is applicable to cells used in HEVs, and\ntended to determine the energy efficlency
of a ¢ell under representative usage conditions,of HEV application.

a) Clalculation of the charge electric energy and discharge electric energy

Calculate the charge and discharge.€lectric energy from the results of the test specified in
7|5 using Equation (19) and Egquation (20). Round off the resulting values to three
slgnificant figures.

Rlead current values and_voltage values at regular intervals from the current and voltage
dpta collected during the_tcharge and discharge cycles, which correspond to the charge

apd discharge patterns of duration 101, x 10 s. Use the standard measurement interyal of
1|s. When the battery voltage after 10 s exceeds the discharge lower limit voltage dr the
charge upper linit-voltage, perform the test using the current value in the lower stage of
Thble 1, and report the current value that was actually observed.
W, = leUea +1eUep +-+ 1enUen (19)
° 3600
frere
We, is the charge electric energy (Wh);
len is the charge current value at point n of measured intervals (A);
Uen is the charge voltage value at point n of measured intervals (V).
lyUgi +1gppUgp +--+ 14U
Wd2 — di~dil d2~d2 dn™~dn (20)
3600
where
Wyo is the discharge electric energy (Wh);
ldn is the discharge current value at point n of measured intervals (A);

Udn is the discharge voltage value at point n of measured intervals (V).
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b) Calculation of energy efficiency
Determine the energy efficiency using Equation (21).

Wd2
= x100 21
Ne2 W, (21)
where
N2 is the energy efficiency (%);
Wyo is the discharge electric energy (Wh);

W, is the charge electric energy (Wh).
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Annex A
(informative)

Selective test conditions

Annex A provides additional and selective conditions for the capacity test specified in 7.3, the
power tests in 7.5, the cycle life test in 7.8, and the energy efficiency test in 7.9.3.

The test conditions "r" in Table A.1, Table A.2, Table A.3 and Table A.4 are specified in this
document. In addition, the test conditions "a" may be selected based on the agreement
betwgen the cell manufacturer and the customer.

Table A.1 — Capacity test conditions

Application Déi(;r;:?e Cell temperature
-20 °C 0°C 25°C 45 °C
0,21, a a a a
1/3 1, a r I 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

If thel data deviation is larger than that of 1 I, and 1/3 I, it shall be indicated.

Table A.2 — Power test conditions

Application SOC Cell temperature
-20 °C 0°C 25°C 40 °C
20 % a a r a
BEV 50 % r r r r
80 % a a r a
20 % a a r a
HEV 50 % r r r e
80 % a a r a

Table A.3 — Cycle life test conditions

Application Ambient and cell temperature

25 °C 45 °C

BEV a r

HEV a r
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Table A.4 — Conditions for energy efficiency test for BEV application

SOC

Charge current

Test condition

80 %

21,

r

Manufacturer's recommended SOC

Manufacturer's recommended current

a
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Annex B
(informative)

Cycle life test sequence

Annex B provides the test sequences of cycle life tests specified in 7.8. The test sequence
and concept of BEV cycle are shown in Figure B.1 and Figure B.2. The test sequence of HEV
cycle test is shown in Table B.1.



https://iecnorm.com/api/?name=b47eb7d11578b94ed83c76dd35f6dcd3

IEC 62660-1:2018 RLV © |IEC 2018 -39 -

Measure the initial perfformance

- Capacity 7821
- The dynamic discharge capacity C, at 25 °C and 45 °C e

- Power
v

Adjust the temperature
(45°C £ 2K)

Phase 1
- Fully discharge
Phase 2

7.8.2.2 a)

A

A

v
- Charge

I

‘ Phase 3

- Discharge in dynamic discharge
profile A repeatedly until the
discharged capacity reaches

50 % + 5 % of initial Cp at 45 °C

____________________ T

If the voltage reaches Phase 4

the lower limit during i . .
phases 3 and 5, proceed to D|§charge in dyr_1am|c discharge 7.8.2.2b)
7.8.2.2 c). profile B for one time only

Phase 5

- Discharge in dynamic discharge
profile A repeatedly until the
discharged capacity reaches 80 %

of initial Cp at 45 °C

No

Repeat phéases 1 to 5
for28 days

Periodical measurement of performance

- Capacity 7.8.2.2 ¢)
- The 'dynamic discharge capacity Cp at 25 °C
- Power

Repeat from 7.8.2.2 a) to 7.8.2.2 ¢) 6 times,
or until the performance measured in c) is
decreased to less than 80 % of the initial

value, or until the cell temperature reaches the

upper limit

No

7.8.2.2 d)

Yes

| Termination of test | IEC

Figure B.1 — Test sequence of BEV cycle test
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Phase 3 Phase 4 Phase 5

- A TLT—A_\

Voltage

Profile A

*

i
i
i
EProfileB l !
! !
| l
i
i
i
i

Profile A |
I
i
i

Y

Discharged capacit;

50 % + 5 % of initial CD__

=1

80 % of initial Cp

¥

IEC

Figure B.2 — Concept of BEY,cycle test

Table B.1 — Test sequence of HEV cycle test

Test procedure Temperature

Measure the initial performance
7.8.3.1 — Capacity
- Power

Room
temperatufe

Set the switchihg voltage from discharge-rich profile to charge-rich

7.8.4.2 a) orofile

45 °C=2K

Set the-switching voltage from charge-rich profile to discharge-rich

7.8.4.2 b) orofild

7.8.3.3 a) Adjust the temperature to 45 °C=+=2K

7.8.4.3 b) Adjust the SOC to 80 %

Repeat the cycle in discharge-rich profile until the switching voltage

FARS 1 setin 7.8.3.2 a)

Bhase 2 Repeat the cycle in charge-rich profile until the switching voltage 45 °C+=2{K
7.8.3.3 ¢) setin 7.8.3.2 b)

Phase 3 | Repeat phase 1 and phase 2 for 22 h

Phase 4 Rest for 2 h

Repeat the procedure from phase 1 to phase 4

Periodical measurement of performance

7.8.3.3 d) — Capacity (every 14 days) Ee(r)r?g:erature

- Power (every 7 days)

Terminate the test when either of the following conditions is
satisfied. If not satisfied, go back to 7.8.3.3 a)

7.8.3.3¢€) - Repeat 7.8.3.3 c) for 6 months -

— Either of the performance parameters measured in 7.8.3.3 d) is
decreased to less than 80 % of the initial value
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Annex C

(informative)

Current-voltage characteristic test

C.1 General

Annex C describes the test method to determine the current-voltage characteristics of a cell,
when the maximum current values for charge and discharge are not available for the power

test ip—56- Q
A\
C.2 | Test method Q‘
O
The {est shall be conducted under each combination of SOC and cell tempe re at the test
commencement as specified in Table 2, according to the procedure spQ fied by thg cell
manufacturer.
@%
The fest shall be performed according to the scheme shown in Fig@c.l.
Charpe and discharge the cell at the constant test currentsgy Table C.1, and measurg¢ the

voltape at the end of the 10 s pulse of each test curr

discHarge current shall be specified by the cell manuf

interyal shall be 1 s. If the voltage after 10 s ex
charge upper limit voltage, the measurement data sé
The

taken into account. \"Q

N

. The range of the charg¢
r, and the standard measure

and

ment

the discharge lower limit voltage or

I'be omitted.

Charge/discharge limits at low temperatu@s\Specmed by the cell manufacturer shou

Table C.1 — Charge and discharga’&rrent for the current-voltage characteristic te

FaN
O
S Charge and discharge current
Application . C\}‘
AN A
BEV o J 131, 11, 21, 51,
N

HEV,.& 1/3 1, 11, 51, 10 1,

discHarge

test fem ure, it shall be cooled further.

extend

next giseharging or charging procedure is then performed.

10-mjin rest tir@all be provided between charge and discharge pulses as well as bet

arge pulses. However, if the cell temperature after 10 min is not within 2
Alternatively, the rest time duration shg
nd it shall be inspected whether the cell temperature then settles within 2 K

d be

st

jveen

K of
Il be
The
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Discharge 4
(+)
10 s
10 It
Rest time [ ]
10 s
51t
10 s
10 ¢
- - \ L 1T
< 1/3 It
>R A :
c
[ 10 s |_| Time
3 1/3 It 10s
11t
10 s
51t
10_s
10 It
Charge
©) \ IEC

Figure C.1a — Test order of the current-voltage\characteristic test for HEV application

Discharge %
(+)
10 s
51t
Rest'time B
10 s
2 1t
10s
V'~ 10 s
< 13 1t L
c | l_lf_L‘l_l >
q') .
5 10s L Time
o 1/3 1t 10s
11t
10 s
2 It
10 s
51t
Charge
=) v IEC

Figure C.1b — Test order of the current-voltage characteristic test for BEV application

Figure C.1 — Test order of the current-voltage characteristic test
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Using the measured values of current and voltage, the current-voltage characteristic line shall
be obtained by straight-line approximation, and the maximum current for charge and
discharge (lymax lecmax) @nd power shall be calculated. The slope of this line shows the
internal resistance of the cell.



https://iecnorm.com/api/?name=b47eb7d11578b94ed83c76dd35f6dcd3

—44 - IEC 62660-1:2018 RLV © |IEC 2018

Bibliography

[1] ISO 12405-4, Electrically propelled road vehicles — Test specification for lithium-ion

£ - b
tractromn battEIy paCkS o d SyStEII S — Fa't 4 FUIIUIIIIC{IIL,C LESUTY A

[2] IEC 62660-2, Secondary lithium-ion cells for the propulsion of electric roadQ‘}ﬁicles -

Part 2: Reliability and abuse testing s o)
N

[3] IEC 62660-3, Secondary lithium-ion cells for the propulsion of elec,r\ri(gl/road vehicles —

Part 3: Safety requirements Q’

©

[4] IEC 61434:1996, Secondary cells and batteries containin aline or other nonfacid

electrolytes — Guide to the designation of current in alkali econdary cell and battery

standards Q/

A
& O
>
Z
\g&
¥
xO
&

3__Underconsideration-
4__Underconsideration-


https://iecnorm.com/api/?name=b47eb7d11578b94ed83c76dd35f6dcd3

IEC 62660-1:2018-12(en-fr)

1EC IEC 62660-1

®

INTERNATIONAL
STANDARD

NORME "
INTERNATIONALE ®

Q

NG
©

&

\(</O
O

Sedondary lithium-ion cells for the propulsiobﬁf electric road vehicles —
Parf 1. Performance testing Q
A\

. o ‘8\" ) o :
Eléents d’accumulateurs lithium-iongour la propulsion des véhicules routiers
élegtriques — N\
Parlie 1: Essais de performance ®$

4\

Edition 2.0 2018-12



https://iecnorm.com/api/?name=b47eb7d11578b94ed83c76dd35f6dcd3

-2 - IEC 62660-1:2018 © IEC 2018

CONTENTS

L@ T T @ T I P 4
1NN I 4 75 1 L@ 1 ] PPN 6
1 ST o] 0] o 1< PP 7
2 N ToT g g o A R =Y 1= =T Lo =P 7
3 Terms and defiNitioNS ... 7
O I T A oo o o 11 To ] 1= PPN 8
4, GONEIAl ettt 8
4.p MeEaSUNNG INSITUMENTS ...iuii e e e e e e e e e e e a e e e e e fua e e eees 9
1.2.1 Range of measuring deviCes.......ccocovvviiiiiiiiiiiiiiiiiieeeeeee e 2 9
n.2.2 Voltage MeaSUIrEMENT . ......iiiii e e e e e e e e e e e eneeneen|ens 9
1.2.3 CUIreNt MEASUIEMENT ... .. ey R e e eeenee [ eee 9
1.2.4 Temperature measurements ........cooevvvieiiiieiiininiieneeneeee Bl 9
1.2.5 Other MeasuUremMEeNtS ..o e et e ...10

4.8 I 11 = U Lo = T PPN (i WP ...10
4.4 Thermal stabilization...........coooiiiiii e N ...10
DIMENSION MEASUINEMENT ...iiuiiiiiiiiiiie e eeei e o e et et e eaes ...10
MaSS MEASUIEIMENT ...eeiiitiiiee e e ettt e en e eaas .12
Electrical MeasUrEmMeENt ... e .12

7.0 GeNEIAl . D Y, .12
7. General charge CONAItIONS ... e e e aeeas .12
7.B LOF-T oI ol | £ A PP .12
7.h SOC AQJUSTMEBNT. ..t e ettt e ...13
7.p 01 S v PP PP ...13
/.5.1 GENETAl i ...13
/.5.2 TeSt MEtNOA ..o .13
/.5.3 Calculation of POWET dENSITY ...vvuiiii e .14
/.5.4 Calculation of regenerative power densSity......cccovvviiiiiii i, ...15

7.6 Ly = e Y 15
/.6.1 =Y 1= = L PP 15
/.6.2 TeStMIELNOA ..o 16
/.6.3 Calculation of energy denSity ... ..o .16

7.7 ] 0 T =X [ = .17

/. 7.1 GBNEIAL L. .17

V. 742 Charge retention teST ... ... e .17
7.3 StOTage e B s e 18

7.8 O3V o] LN 11 =2 {= TS PP UTPP 18
7.8.1 GBNEIAL i 18
7.8.2 BEV CYCIE 1S o 18
7.8.3 HEV CYC 0 1St e 22

7.9 ENergy effiCiEnNCY tESt. i 26
7.9.1 LT =Y 1= - LS 26
7.9.2 Common tests for BEV and HEV applications .........c.cooooviiiiii i 26
7.9.3 Test for cells of BEV appliCation ..o 28
7.9.4 Energy efficiency calculation for cells of HEV application..............cc.cooeveenne. 29
Annex A (informative) Selective test CONAItIONS......ccviiiiiii e 31

Annex B (informative) Cycle life teSt SEQUENCE ....cvuiviiii e 33


https://iecnorm.com/api/?name=b47eb7d11578b94ed83c76dd35f6dcd3

IEC 62660-1:2018 © IEC 2018 -3-

Annex C (informative) Current-voltage characteristic test...........covviiiii i, 36
C.1 L= 1= = | PN 36
Cc.2 =15 A 1 1= o T 36

27Tl TeTo | = o] 1| V2P 39

Figune 6 — Charge-rich profile for HEV cycle tesSt..... .o B e .25
Figune 7 — Typical SOC swing by combination of two profiles for HEV cycle test\.............. ...26
Figune B.1 — Test sequence of BEV cycCle teSt......coviiviiiiiiiie e B .34
Figune B.2 — Concept of BEV CYCIE 1St .. iviiiiii e e e e e e ...35
Figune C.1 — Test order of the current-voltage characteristic test ... % . ... 37
Tablg 1 — Discharge CONItIONS .....c.vvuiiiiiiiici e 5K e e e e e e e e e e e eneeaes .12
Tablg¢ 2 — SOC and temperature condition for power test .. i ...13
Tablg 3 — Dynamic discharge profile A for BEV cycCle tE€St.......ooviiiiiiiiiieeeeee ...20
Tabl¢ 4 — Dynamic discharge profile B for BEV CYGIEMeSt .....oeuiiniiiiiiiiieeeee .21
Tablg 5 — Discharge-rich profile for HEV Cycle teSU.... ..o .24
Tablg¢ 6 — Charge-rich profile for HEV CYCle t€St.....c.oiviiii e .25
Tablg A.1 — Capacity test CONAILIONS .. ... e .31
Tablg A.2 — Power test CONAItIONS ..ol e .31
Tablg A.3 — Cycle life test CONAItIONS ... ... e .31
Tabl¢ A.4 — Conditions for energy efficiency test for BEV application............c.coovevvieinennnns .32
Tablg B.1 — Test sequence OFHEV CYCIE 1St ... .35
Tablg C.1 — Charge and:discharge current for the current-voltage characteristic test........ ...36



https://iecnorm.com/api/?name=b47eb7d11578b94ed83c76dd35f6dcd3

1)

2)

3)

4)

5)

6)

7

8)

9)

-4 - IEC 62660-1:2018 © IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 1: Performance 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 (hereafter referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC Natiorial 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 ‘cOmmittee 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
Sinterpretation 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 cettification 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 62660-1 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 purpose of each test has been added.

b) The power test has been revised for clarification, and an informative part of the current-
voltage characteristic test has been moved to the new Annex C.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
21/975/FDIS 21/985/RVD

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 document 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 Secorhdary
lithium-ion cells for the propulsion of electric road vehicles, can be found on the IEC. website.

The ¢ommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the-data related to
the specific document. At this date, the document will be

°
-

g¢confirmed,

e wlithdrawn,

°
-

gplaced by a revised edition, or
e amended.
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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 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.

This
basid
spec
spec
requi
facts
Versd
a var

This

IEC ¢
vehid

IEC ¢
appli

document specifies performance testing for automobile traction lithium-ion-cells
ally differ from the other cells including those for portable and stationary.applica
fied by other IEC standards. For automobile application, it is important to note the u
ficity; i.e. the design diversity of automobile battery packs and systems, and sp

the purpose of this document is to provide a basic test methedology with ge

tility, which serves a function in common primary testing of lithium=ion cells to be us
ety of battery systems.

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

2660-2 [2] specifies the reliability and abuse testing for lithium-ion cells for el
le application.

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

that
tions
sage
bcific

rements for cells and batteries corresponding to each of such designs,"Based on fhese

neral
ed in

bctric

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 1: Performance testing

1 Scope

This
used
elect

NOTE]
the pr
agree

This
ion ¢

part of IEC 62660 specifies performance and life testing of secondary lithium-ion
for propulsion of electric vehicles including battery electric vehicles (BEV) and. h
ric vehicles (HEV).

1 Secondary lithium-ion cell used for propulsion of plug-in hybrid electric vehicle (PHEV) can be tes
bcedure either for BEV application or HEV application, according to the battery system deésign, based
nent between the cell manufacturer and the customer.

blls for vehicle propulsion applications regarding capacity, power density, energy de

storafge life and cycle life.

This
perfo
indis

document provides the standard test procedures *and conditions for testing
rmance characteristics of lithium-ion cells for vehicle-propulsion applications, whic
bensable for securing a basic level of performance*and obtaining essential data on

for various designs of battery systems and battery pacKs.

NOTE|
select

NOTE
this d

NOTE

2 N

The

conte
cited
any 4

ISO/]

2 Based on the agreement between the cell manufacturer and the customer, specific test conditions
bd in addition to the conditions specified in this.decument. Selective test conditions are described in At

3 The performance tests for the electrically-connected lithium-ion cells can be performed with refere
cument.

4 The test specification for lithium:ion battery packs and systems is defined in ISO 12405-4 [1].
lormative references

ollowing documentshare 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

mendments)-applies.

R 8743, Electrically propelled road vehicles — Vocabulary

cells
ybrid

ed by
bn the

document specifies the test procedures to obtain the essential Characteristics of lithium-

nsity,

basic
h are
cells

an be
nex A.

hce to

their
dition

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

3

L I
CITS arru UctimimtruiTrs

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:

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

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


http://www.electropedia.org/
http://www.iso.org/obp
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3.1

battery electric vehicle

BEV

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

3.2

hybrid electric vehicle

HEV

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

3.3
ratedq capacity
Cn
capafity value of a cell in ampere hours (Ah) determined under specified g¢onditions and
declgred by the cell manufacturer

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

3.4
Iy
refergnce test current in amperes (A) which is expressed as

= d,/1

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

Note 4 to entry: See IEC 61434:1996 [4], Clause 2.

3.5
room temperature
tempgrature of 25 °C £+ 2 K

3.6
secojndary lithium-ion cell
cell
secopdary single cell whose electric energy is derived from the insertion and extrgction
reactfons of lithium iops between the anode and the cathode

Note 1 to entry: The'secondary lithium-ion cell is a basic manufactured unit providing a source of electric ¢nergy
by dirgct conversion_of chemical energy. It consists of electrodes, separators, electrolyte, container and ternpinals,
and is|designedrto,be charged electrically.

3.7
statgd gf/charge
SOC
capacity in a cell expressed as a percentage of rated capacity

3.8
charge retention
ability of a cell to retain capacity on open circuit under specified conditions of storage

4 Test conditions

4.1 General

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

Test and measurement shall be conducted with caution to prevent a short circuit.
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NOTE Test and measurement can be conducted under fixing condition recommended by the cell manufacturer.

4.2 Measuring instruments

4.2.1 Range of measuring devices

The instruments used shall enable the values of voltage, current and temperature to be
measured. The range of these instruments and measuring methods shall be chosen so as to

ensure the accuracy specified for each test.

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

grad(fiated scale.

Any ¢ther measuring instruments may be used provided they give an equivalent acecdracy)

4.2.2 Voltage measurement

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

4.2.3 Current measurement

The pntire assembly of ammeter, shunt and leads shall be/of-an accuracy class of 0

bettefr.

4.2.4 Temperature measurements

The gell temperature shall be measured by use «of a surface temperature measuring d
capaple of an equivalent scale definition and acecuracy of calibration as specified in 4.2.1
tempgrature shall be measured at a location which most closely reflects the cell tempers

The femperature may be measured at additional appropriate locations, if necessary.

The jexamples for temperature measurement are shown in Figure 1. The instruction

tempgrature measurement specified by the cell manufacturer shall be followed.

Prismatic or flat cell Cylindrical cell
O O Temperature measuring device @
=

Call

5 or

bvice
The
ture.

s for

Cett ‘ Cett
\ L1
Insulating material

IEC

Figure 1 — Example of temperature measurement of cell
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Other measurements

2018

Other values may be measured by use of a measuring device, provided that it complies
with 4.3.

4.3

Tolerance

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

a) =+

0,1 % for voltage;

b) +
c)
d)
e)
f)

Thes
meas

[ i i e

H+

4.4

1 % for current;

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

0,1 % for mass;

0,1 % for dimensions.

p tolerances comprise the combined accuracy of the medsuring instruments
urement technique used, and all other sources of error in thectest procedure.

Thermal stabilization

temp
reac
chan

5

For ’Fe stablization of cell temperature, the cell shall be soaked to a specified am

rature for a minimum of 12 h. This period may\ybe reduced if thermal stabilizati
ed. Thermal stabilization is considered to belseached if after one interval of 1 h
pe of cell temperature is lower than 1 K.

Dimension measurement

the

bient
JINES
, the

The fnaximum dimension of the total width, thickness or diameter, and height of a cell shall be

meas

tolergnces in 4.3.

Examples of maximum dimensions are shown in Figures 2a to 2f.

ured at room temperature .up to three significant figures in accordance with

the
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L [a) w [a)
IEC
IEC
Figure 2a — Cylindrical cell (1) Figure 2b — Cylindrical cell (2)
B
A <>
| L
| — - A B
- L. |
w [a)]
w
)
IEC
IEC
Figure 2c — Prismatic cell (1) Figure 2d — Prismatic cell (2)
A A
| l—————p
‘| A ] A |
[a] [a]
W w
Y i
B I L v & |
— —
IEC Ed
Figurg 2e — Prismatic cell with laminate film case (1) Figure 2f — Prismatic cell with laminate film cage (2)
Key
A totetwidth B—totat hc;ght (;Ilb:ud;llg tCIIII;IIa:O)
B total thickness E total height (excluding terminals)
C diameter

Figure 2 — Examples of maximum dimensions of cell

NOTE Prismatic cells are provided with either a rigid metal case or flexible laminate film case. A prismatic cell
with laminate film case is usually called a pouch cell.

The volume of a prismatic cell is given by the product of its total height excluding terminals,
total width, and total thickness, and that of a cylindrical cell is given by the product of the
cross section of the cylinder and its total height excluding terminals.
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6 Mass measurement

2018

The mass of a cell is measured at room temperature up to three significant figures in
accordance with the tolerances in 4.3.

7 Electrical measurement

7.1

General

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

Befo

e each test, the cell temperature shall be stabilized at room temperature accordi

4.4, Winless otherwise specified.

The @ambient temperature shall be the room temperature unless otherwise spegified.

7.2

Unle
be ch

Prior
desc
Then
decls

7.3
The

Phas|

After

Phas
the €
and (

In ad
betw
Tablé

General charge conditions

ESs 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 constant cy
ibed in Table 1 down to an end-of-discharge voltage-specified by the cell manufac

ng to

shall

rrent
urer.

, the cell shall be charged at room temperatare according to the charging me¢thod

red by the cell manufacturer.

Capacity

apacity of a cell shall be measured in accordance with the following phases.
e 1 — The cell shall be charged in~accordance with 7.2.
recharge, the cell temperature shall be stabilized in accordance with 4.4,

e 2 — The cell shallbe.discharged at specified temperature at a constant current I,
nd-of-discharge yva@ltage that is provided by the cell manufacturer. The discharge cJ
ell temperaturestindicated in Table 1 shall be used.

dition to<{Pable 1, specific test conditions may be selected based on the agree
ben thel cell manufacturer and the customer. Selective test conditions are shoy
b AL

A) to
rrent

ment
n in

Table 1 Discharge conditions

ootrett Yy oot

Discharge current
Cell temperature
A
°C
BEV application HEV application
0
25 1/3 1, 11,
45

Phase 3 — Measure the discharge 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).
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7.4

SOC adjustment

The test cells shall be charged as specified below, unless otherwise specified. The SOC
adjustment is the procedure to be followed for preparing cells to the various SOCs for the

tests

Phas

Phas

Pha

in this document.
e 1 — The cell shall be charged in accordance with 7.2.

e 2 — The cell shall be left at rest at room temperature in accordance with 4.4,

(100
is Sq

7.5
7.5.1

This
usag

Base
powseg

The
comi

7.5.2

The test shall be carried out in accordance with the following procedure.

a) M

<

b)

- n)/100 x 3 h for BEV application and (100 — n)/100 x 1 h for HEV application, wh
C (%) to be adjusted for each test.

Power
General

test is intended to determine the power characteristics of a cell uader the represent
b conditions of BEV and HEV applications.

d on the current-voltage characteristic test in 7.5.2, the¢power density and regene
r density of a cell shall be calculated according to 7.5.3 and 7.5.4, respectively.

pbower density and regenerative power density shall be calculated and reported for
ination of SOC and temperature in 7.5.2.

Test method

ass measurement

ass of the cell shall be measured as specified in Clause 6.
imension measurement

imensions of the cell shall be measured as specified in Clause 5.
OC and temperature adjustment

he test in 7.572-d) shall be conducted under each combination of SOC and
mperature atithe test commencement as specified in Table 2, according to the proce
pecified bythe cell manufacturer.

OC shall.be adjusted according to 7.4.

Table 2 — SOC and temperature condition for power test

3 — The cell shall be discharged at a constant current according to Table 1 for

ere n

ative

ative

each

cell
dure

socC Cell temperature
% °C
20 25
50 -20 0 25 40
80 25

NOTE Selective test conditions are shown in Table A.2.

d) Current-voltage characteristics test

Discharge the cell for 10 s at the maximum current for discharge specified by the cell
manufacturer (l,,2x), and measure the voltage at the end of the 10 s pulse (Uy).
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Charge the cell for 10 s at the maximum current for charge specified by the cell
manufacturer (l;,ay), and measure the voltage at the end of the 10 s pulse (U,).

The values of I, and | change depending on SOC, test temperature and charge or

discharge state.

cmax

The charge and discharge limits of current and voltage at low temperature specified by the
cell manufacturer should be taken into account.

In case that |y, @and l;y,ay are not available, the value may be obtained according to the
test in Annex C.

7.5.3 Calculation of power density
7.5.31 Power calculation
The power shall be calculated according to Equation (1) and is rounded to thrge“significant
figurgs.

P =Ug x lgmax (@)
wherp
Py is the power (W);

lymay] 1S the maximum discharge current which is specified’by the cell manufacturer (A).

If P4 s an estimated value, this shall be stated.

7.5.

is the measured voltage at the end of the 10 s pulse.ofily,,,x discharge (V);

3.2 Power density per unit mass

Masq power density shall be calculated from Equation (2), and is rounded to three significant

figures.
Py
=_d 2

Ppd m (2)
wherp
Ppd is the power density (W/kg);
Pq |is the powery(W),
m is the.mass of the cell (kg).
7.5.33 Power density per unit volume

Volumetric power density shall be calculaied from Equation (3), and is rounded to three
significant figures.

Ppvim =7, (3)

<

where

Ppvim is the volumetric power density (W/I);

Py
V

is the power (W);

is the volume of the cell (I).
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7.5.4 Calculation of regenerative power density
7.5.4.1 Regenerative power
Regenerative power shall be calculated according to Equation (4) and is rounded to three

significant figures.

Pe =U¢ X lgmax (4)

where

P. |is the regenerative power (W);

¢ |is the measured voltage at the end of the 10 s pulse of | charge (V);

cmax
is the maximum charge current specified by the cell manufacturer (A).

If P, Js an estimated value, this shall be stated.

7.5.42 Regenerative power density per unit mass

Regdnerative power density per unit mass shall be calculated(from Equation (5) and is
roungled to three significant figures.

P
Ppc = FC ()

wherp

Ppc is the regenerative power density (W/kg);
P. |is the regenerative power (W),

m is the mass of the cell (kg).
7.5.43 Regenerative powerdensity per unit volume

Voluinetric regenerative power density shall be calculated from Equation (6) and is roundged to
thred significant figures,

P
Ppvime :VC (6)
wherp
Ppvime isthe-voltmetrieregenerativepowerdensity (W
Pc is the regenerative power (W);
\Y is the volume of the cell (I).
7.6 Energy

7.6.1 General

This test is intended to determine the energy density that can be derived from a cell under the
representative usage conditions of BEV and HEV applications.

Based on the test in 7.6.2, the energy density of a cell shall be calculated according to 7.6.3.
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2 Test method

2018

Mass energy density (Wh/kg) and volumetric energy density (Wh/l) of cells in a certain current
discharge of 1/31; (A) for BEV application and 11, (A) for HEV application shall be determined
according to the following procedure.

a)

b)

c)

d)

Mass measurement

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

Dimensions of the cell shall be measured as specified in Clause 5.

Clapacity measurement

Clapacity of the cell shall be determined in accordance with 7.3 at room temperature.
Alverage voltage calculation
T
0
d
f

he value of the average voltage during discharging in the above capacity test shall be
btained by integrating the discharge voltage over time and dividing°the result by the
scharge duration. The average voltage is calculated in a simpler manner using the
gllowing method: Discharge voltages U, U,, ..., U, are noted evety,5 s from the timp the
d|scharging starts and voltages that cut off the end-of-discharge‘voltage in less thap 5 s
afe discarded. The average voltage U,,, is then calculated_inCa simplified manner ysing
Ejguation (7) up to three significant figures by rounding off the result.
U, +U, +---+U
avr — L2 > (7)
n
7.6.3 Calculation of energy density
7.6.31 Energy density per unit mass
The mass energy density shall be calculated using Equation (8) and Equation (9) up to three
significant figures by rounding off the result.
Weg =CyUayr (8)
wherg
Wgq | is the electric” energy of the cell at room temperature (Wh) when discharged under
specified conditions;
Cq |is the disgharge capacity (Ah) at 1/31; (A) for BEV or 11, (A) for HEV,
U, | is the-average voltage during discharging (V).
Wy
Ped =F ()
where
Peq IS the mass energy density (Wh/kg);
Woq Iis the electric energy of the cell at room temperature (Wh) when discharged under
specified conditions;
m is the mass of the cell (kg).
7.6.3.2 Energy density per unit volume

The volumetric energy density shall be calculated using Equation (10) up to three significant
figures by rounding off the result.
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W
Pevimd :V_ed (10)

where

Pevimg 1S the volumetric energy density (Wh/l),

Woq is the electric energy of the cell at room temperature (Wh) when discharged under
specified conditions;

\ is the volume of the cell (I).

7.7 | Storage test
7.7.1 General

This fest is intended to determine the capacity retaining characteristics of a cell'under stqrage
or ngn-use, and is composed of the charge retention test in 7.7.2 and the)storage lifg test
in7.7.3.

7.7.2 Charge retention test

This ftest is intended to determine the charge retention characteristics of a cell under stqrage
including transportation.

The ¢harge retention characteristics of the cell at a 50 &% SOC shall be determined accofrding
to the following procedure.

Phasle 1 — The cell shall be charged in accordance with 7.2.

— The cell shall be discharged to 50.% SOC in accordance with the method spetified

Phase 2
l. Then, the cell shall be stabilized atitroom temperature for 1 h.

in 7.4

NOTE| The SOC value can be changed~according to the agreement between the customer and thge cell
manufacturer.

Phase 3 — Discharge the cell-torthe end-of-discharge voltage at a discharge current of 1/31; (A)
for BEV application and 11, (A) for HEV application and at room temperature. This discharge
capafity is Cy,.

Phasfe 4 — Repeat phases 1 and 2 one time.
Phase 5 — Theé\cell shall be stored for 28 days at an ambient temperature of 45 °C.

Phase &~ After phase 5, the cell shall be stabilized at room temperature according td 4.4.
Then)_discharge the cell at a constant current of 1/31, (A) for BEV application and 11, (A) for
HEV application until the end-of-discharge voltage, and then measure the capacity of cell.
This discharge capacity is C,.

Charge retention ratio shall be calculated according to Equation (11).

R =~ x100 (11)
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where

R
Cr
Ch

7.7.3

is the charge retention ratio (%);
is the capacity of the cell after storage (Ah);

is the capacity of the cell before storage (Ah).

Storage life test

2018

This test is intended to determine the degradation characteristics of a cell under the storage

or no

n-use of BEV and HEV applications.

The §

Phas
acco

Phas

appli
temp|

Phas
acco
11, (4
many
capa

Phas|

The
phas

If the
adjus

7.8
7.8.1

This
disch

torage life of a cell shall be determined according to the following procedure.

e 1 — Determine the capacity, power density and regenerative power densityyof'the g
dance with 7.2, 7.3 and 7.5.

e 2 — Adjust the SOC of the cell to 100 % for BEV application, and-to 50 % for
Cation in accordance with 7.4. The cell shall then be stored for42) days at an am
erature of 45 °C.

e 3 — Following the storage of phase 2, the cell shall be (stablized at room temper
ding to 4.4 and discharged at a constant current of 38k (A) for BEV application
\) for HEV application, down to the end-of-discharge voltage specified by the
facturer. Then, measure the capacity of the cell. This discharge capacity is the ret
City (Ah). The power density and regenerative power density shall also be measured

e 4 — Repeat phase 2 and phase 3 for three.times.

Capacity, power density, regenerative ‘power density and retained capacity measur
e 1 and phase 3 shall be reported.

e cell is stored at room temperature during the test for rest such as for test t
tment, the total time of suchi.rest shall be reported.

Cycle life test
General

test is intended’to determine the degradation characteristics of the cell by chargg
arge cycles representing the normal usage conditions of BEV and HEV applications.

The

deterlmined according to the tests in 7.8.2 and 7.8.3.

ell in

HEV
bient

ature
and
cell
hined

ed in

ming

and

cyclelife performance of a cell for BEV application and HEV application shafl be

The test sequence is shown in Annex B.

NOTE
7.8.2

7.8.2

Selective test conditions are shown in Table A.3.
BEV cycle test

A Measurement of initial performance

Before the charge and discharge cycle test, measure the capacity, dynamic discharge
capacity, and power as the initial performance of the cell.

e Capacity

T

he capacity shall be measured as specified in 7.3 at 25 °C.

e Dynamic discharge capacity Cp
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The dynamic discharge capacity Cp shall be measured at 25 °C and 45 °C.

The dynamic discharge capacity is defined by the time integrated value of charge and

discharge current confirmed by the following test: Discharge the fully charged
repeatedly by the dynamic discharge profile A specified in Table 3 and Figure 3 unt
voltage reaches the lower limit specified by the cell manufacturer.

Power
The power shall be measured as specified in 7.5 at 25 °C and 50 % SOC.

7.8.2.2 Charge and discharge cycle

The

b)

cell
il the

the start of the test, cell temperature shall be 45 °C. The ambient temperaturesshall be

4pb °C.
TEest phases

he procedure from phase 1 to phase 5 shall be continuously repeated .for 28 days
rest time of less than 4 h can be set between each phase~Then, measurg
performance of the cell as specified in 7.8.2.2 ¢). This procedure\shall be repeated
the test termination specified in 7.8.2.2 d).

hase 1 — The cell shall be fully discharged by the method specified by the
anufacturer.

P
m
Phase 2 — The cells shall be fully charged by the method specified by the
nmanufacturer. The charge time shall be less than 12h.
P
T

hase 3 — Discharge the cell following the dyhamic discharge profile A specifig
pble 3 and Figure 3 until the discharged capacity reaches equivalent to 50 % + 5
the initial dynamic discharge capacity Cp at 45°C.

Iff the voltage reaches the lower limit specified by the cell manufacturer during pha
the test shall be discontinued notwithstanding the stipulation in 7.8.2.2 d), and thd
pgerformance shall be measured at this*point as specified in 7.8.2.2 c).

Iff the temperature of the cell reaches the upper limit specified by the cell manufad
dpring phase 3, the duration of<test step 20 in Table 3 may be extended to an approf
v@lue. The actual duration time shall be reported.

Iff the voltage reaches the® maximum limit specified by the cell manufacturer duri
charge step in Table 3, .constant-voltage charge at the maximum voltage shall be ap
uhtil the end of dutation of this step.

In this profile, the test power shall be calculated using Equation (12):

Prax = NWeq

heré

s

The
the
until

cell
cell

ed in
% of

5e 3,
cell

turer
riate

ng a
plied

(12)

T

N is the test power (W);

is the required maximum cell power (W) divided by the energy of the cell
with units of (1/h).

(Wh)

NOTE The value of N = 3/h is an example based on the specifications of commercialized BEVs.

Weg is the electric energy of the cell at room temperature (Wh) when discharged under

specified conditions.

If the value derived from Equation (12) is larger than the maximum power of the cell
specified by the cell manufacturer, the test power shall be defined as 80 % of the
maximum power at room temperature and at 20 % SOC specified by the cell manufacturer.

The power value actually used shall be reported.
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Table 3 — Dynamic discharge profile A for BEV cycle test

Test step Durztlon Ratio to E)/eost power Charge/discharge
1 16 0,0 -
2 28 +12,5 Discharge
3 12 +25,0 Discharge
4 8 -12,5 Charge
5 16 0,0 —
© 2T FIZ,5 Discharge
7 12 +25,0 Discharge
8 8 -12,5 Charge
9 16 0,0 -
10 24 +12,5 Distharge
11 12 +25,0 Discharge
12 8 -12,5 Charge
13 16 0,0 -
14 36 +12,5 Discharge
15 8 +100,0 Discharge
16 24 +62,5 Discharge
17 8 -25,0 Charge
18 32 +25,0 Discharge
19 8 -50,0 Charge
20 44 0,0 —
Discharge
(+)
100
80
X
~ 60
g
3 40
o
D ~20 ™ ™ |-
2 ] ] K
R | o
P 0
5 Iy i Iy
o —20 —
©
& _40
_—
-60
Charge 0 60 120 180 240 360
) Time (s)

IEC

Figure 3 — Dynamic discharge profile A for BEV cycle test

Phase 4 — Discharge the cell following the dynamic discharge profile B (hill climbing
profile) specified in Table 4 and Figure 4 for one time. The test power shall be calculated
using Equation (12).
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If the voltage reaches the lower limit specified by the cell manufacturer during phase 4,
the test shall be discontinued notwithstanding the stipulation in 7.8.2.2 d), and the cell

- 21 -

performance shall be measured at this point as specified in 7.8.2.2 c).

If the battery voltage frequently reaches the lower limit voltage during test step 16, the
discharge power and duration may be changed appropriately. The actual test values shall

be reported accordingly.

Table 4 — Dynamic discharge profile B for BEV cycle test

Test step Durztion Ratio to E,ZSI power Charge/discharge

1 16 0,0 -

2 28 +12,5 Dischargge
3 12 +25,0 Discharge
4 8 -12,5 €harge
5 16 0,0 -

6 24 +12,5 Discharge
7 12 +25,0 Discharge
8 8 -12,5 Charge
9 16 0,0 -

10 24 +12,5 Discharge
11 12 +25)0 Discharge
12 8 =12,5 Charge
13 16 0,0 -

14 36 +12,5 Discharge
15 8 +100,0 Discharge
16 120 +62,5 Discharge
17 8 -25,0 Charge
18 32 +25,0 Discharge
19 8 -50,0 Charge
20 44 0,0 _
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Figure 4 — Dynamic discharge profile B for BE\.‘cycCle test

Phase 5 — Discharge the cell following the dynamic discharge profile A specifi
Thble 3 and Figure 3 until the overall discharge capacity.including phase 3 and ph3
reaches equivalent to 80 % of initial Cp at 45 °C.

Iff the temperature of the cell reaches the upperAimit specified by the cell manufad
dpring phase 5, the duration of test step 20 in Tablé 3 may be extended to an approf
v@lue. The actual duration time shall be reported.

Iff the voltage reaches the lower limit specified by the cell manufacturer during pha
the test shall be discontinued notwithstanding the stipulation in 7.8.2.2 d), and the
pgerformance shall be measured at this\point as specified in 7.8.2.2 c).

Pleriodical measurement of performaftce

Alfter every completion of ther€petition from phase 1 to phase 5 for 28 test days
performance of the cell shallfbe measured as specified in 7.8.2.1. The accumulated
from phase 1 to phase 4. 7.8.2.2 b) shall also be reported. The dynamic disch
hpacity shall be measured at 25 °C only.

Ermination of test

c
T

The cycle life testishall be terminated when either of the following conditions is sati
Qtherwise, gotack to 7.8.2.2 a) and repeat the test.
G
t

ondition A/~ The test sequence from 7.8.2.2 a) to 7.8.2.2 ¢) has been performe
mes.

Condition B — Any of the performance parameters measured in 7.8.2.2 c) is decreas

ed in
1Se 4

turer
riate

5e 5,

cell

, the
time
arge
sfied.
d six

2d to

lgsSdhan 80 % of the initial value.

Condition C — The temperature of cell reaches the upper limit agreed between the cell

manufacturer and the customer during the test.

The number of times that each profile and each cycle are implemented during the test

shall be reported.

7.8.3 HEV cycle test

7.8.3.1 Measurement of initial performance

Before the charge and discharge cycle test, measure the capacity and power as the initial
performance of cell.

Capacity
The capacity shall be measured as specified in 7.3 at 25 °C.
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Power
The power shall be measured as specified in 7.5 at 25 °C and 50 % SOC.

7.8.3.2 Profile switching voltage

Before the cycle life test, set switching voltages at which discharge-rich profile and
charge-rich profile specified in 7.8.3.3 c¢) shall be switched over.

a)

b)

Switching voltage from discharge-rich profile to charge-rich profile

Adjust the SOC of the cell to 30 % according to 7.4, and then perform the cycle test with
discharge-rich profile at 45 °C for one time. The lowest voltage achieved during this test

athieved lowest voltage is lower than the cell manufacturer’s specified lower limit vol
the latter shall be the switching voltage. The cell manufacturer's recommended- SO
bll may be used additionally.

witching voltage from charge-rich profile to discharge-rich profile

narge-rich profile at 45 °C for one time. The highest voltage achieved during this

c
S
Aldjust the SOC of the cell to 80 % according to 7.4, and then performthe cycle test
c
S
athieved highest voltage is higher than the cell manufacturer's specified upper
v

recommended SOC of cell may be used additionally.

7.8.3.3 Charge and discharge cycle

The ¢harge and discharge cycle test shall be performed as follows.

b)

emperature

he ambient temperature shall be maintained at 45 °C during the test. At the st3
harge and discharge cycle, cell temperature shall be 45 °C.

he cells shall be left at a temperature of 45 °C, and be adjusted to 80 % SOC or the
preed between the cell manufaCturer and the customer within an interval of 16 h to
il accordance with 7.4. If 80°% SOC is not used, the used SOC shall be reported.

Test phases

T
T
c
Aldjustment of SOC before charge and discharge cycle
T
a

The procedure from.phase 1 to phase 4 shall be continuously repeated until the
tgrmination specified in 7.8.3.3 e). During the test, the performance of the cell shg
measured periodically as specified in 7.8.3.3 d).

If| the temperature of the cell reaches the upper limit specified by the cell manufag
dpring thetest, the duration of test step 16 in Table 5 and Table 6 may be extended
appropriate duration time. The actual duration time shall be reported.

Phase~1 — The charge and discharge cycle shall be carried out repeatedly throug

shall be the switching voltage from discharge-rich profile to charge-rich profile. It the

age,
C of

with
test

nall be the switching voltage from charge-rich profile to discharge-rich profile. If the

limit

bltage, the latter shall be used as switching voltage. The cell manufactirer's

art of

SOC
P4 h,

test

Il be

turer
[0 an

h the

dlscharge-rich profile given hy Table 5 and Figure 5 until the cell voltage reache

5 the

switching voltage set in 7.8.3.2 a) (see Figure 7).

Phase 2 — The charge and discharge cycle shall be carried out repeatedly through the
charge-rich profile given by Table 6 and Figure 6 until the cell voltage reaches the

switching voltage set in 7.8.3.2 b) (see Figure 7).
Phase 3 — Repeat phase 1 and phase 2 for 22 h.
Phase 4 — Rest the cell for 2 h.
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Table 5 — Discharge-rich profile for HEV cycle test

Duration Current
Test step Charge/discharge
S A
1 5 20 1, Discharge
2 10 10 1, Discharge
3 32 51 Discharge
4 20 01, -
5 5 -151, Charge
6 10 -10 1, Charge
7 37 =51 Charge
8 20 01, =
9 5 151, Discharge
10 10 101, Discharge
11 37 51, Discharge
12 20 01, -
13 5 -12,5 1, Charge
14 7 =751, Charge
15 35 =5 1 Charge
16 42 04, -
A
25
20
15
10
= 5
<
o 0 >
c
£ -5
3 r
-10
-15
-20
—25
0 50 100 150 200 250 300
| Time (s)
v IEC

Figure 5 — Discharge-rich profile for HEV cycle test

If the maximum current specified by the cell manufacturer is below 201, the cell
manufacturer's specified maximum current may by used at test step 1, along with
replacing the current at test step 6 with 50 % of the cell manufacturer's specified maximum

current.
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Table 6 — Charge-rich profile for HEV cycle test

— 25 —

Duration Current
Test step Charge/discharge
s A
1 5 -151, Charge
2 10 -10 1, Charge
3 37 =51 Charge
4 20 0l -
5 5 20 1, Discharge
6 10 10 1 Discharge
7 32 51 Discharge
8 20 0l -
9 5 -12,5 1, Charge
10 7 =751, Charge
11 49 =51 Charge
12 20 01, -
13 5 151, Discharge
14 10 10 I Discharge
15 23 5h Discharge
16 42 01, —
3
25
20
15
. 10
< s
£ o .
8 -5 ]
-10 Jr
-15
-20
—25
0 50 100 150 200 250 300
v Time—(s)

IEC

Figure 6 — Charge-rich profile for HEV cycle test

If the maximum current specified by the cell manufacturer is below 201;, the cell
manufacturer's specified maximum current may be used at test step 5, along with
replacing the current at test step 2 with 50 % of the cell manufacturer's specified maximum
current.
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Figure 7 — Typical SOC swing by combination of two profiles for HEV cycle test

eriodical measurement of performance

fter every completion of the procedure from phase(l*to phase 4 for seven days
bwer of the cell shall be measured as specified in\7.8.3.1. The capacity of the cell
e measured every 14 days as specified in 7.8.3-4»

Frmination of test

he cycle life test shall be terminated when either of the following conditions is sati
therwise, go back to 7.8.3.3 a) and repeat the test.

ondition A — The test in 7.8.3.3 ¢) is-fepeated for a total of six months.

ondition B — Either of the performance parameters measured in 7.8.3.3 d) is decr¢
less than 80 % of the initial value.

he number of times that each profile is implemented and that the switching voltage
ached shall be reported.

Energy efficiency\test
General

test is inténded to determine the charging efficiency of a cell under the represent
b conditions of BEV or HEV application.

jylefficiency of cells shall be determined by two common tests as specified in 7.9.2

, the
shall

sfied.

ased

5 are

ative

and

eithe

of tests described in 793 and 794

7.9.2

7.9.2

Common tests for BEV and HEV applications

N Common test for normal conditions

This test aims to determine the efficiency of a cell in normal charging under the representative
usage conditions of BEV and HEV applications.

This test is applicable to cells used in HEVs and BEVs. The test shall be carried out in
accordance with the following procedure.

a) The cell shall be left at rest at room temperature for a minimum of 1 h and a maximum of

4
b) D

h after full charge. The test shall then be commenced.

ischarge the cell by the method specified in 7.3 at room temperature.
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c)

d)

f)

9)

Energy efficiency test at 100 % SOC:

1) leave the cell at rest for 4 h, and then charge it to 100 % SOC by the method
recommended by the cell manufacturer;

2) leave the cell at rest for 4 h, and then discharge it by the method specified in 7.3 at
room temperature.

Energy efficiency test at 70 % SOC:

1) leave the cell at rest for 4 h, and then charge it to 70 % SOC by the method
recommended by the cell manufacturer;

2) leave the cell at rest for 4 h, and then discharge it by the method specified in 7.3 at
FOOIT tefmperature.

Clalculation of the discharge electric quantity and charge electric quantity

The electric quantity during the discharge and charge can be calculated ‘using the
fqllowing method: read the discharge and charge currents | at intervals™of s segonds
4 =< 30) from the start of the discharge; then, calculate the discharge elgctric quantify Qg
apd charge electric quantity Q. using Equation (13).

gty
Q= 3600
S

(13)

where
Q is the discharge electric quantity or charge electric quantity (Ah);

Il is the discharge current value or charget/current value at point n of meagured
intervals (A).

alculation of the discharge electric energy>and charge electric energy.

G

The electric energy during the dischargevand charge can be calculated using the follgwing
nlethod: read the discharge currentsi! and the discharge voltages U at intervals| of s
seconds (s < 30) from the start of_discharge; then, calculate the discharge electric energy
W4 and charge electric energy W, using Equation (14).

|1U1+ |2U2 +"'+InUn
3600
S

W = (14)

where
W is the discharge electric energy or charge electric energy (Wh);

|| is the _Jcharge current value or discharge current value at point n of meagured
intervals (A);

U,\isthe discharge voltage value at point n of measured intervals (V).

Calculation of energy efficiency

Determine the coulomb efficiency using Equation (15) and the energy efficiency using
Equation (16).

e = 22x100 (15)
Qc
where

ne is the coulomb efficiency (%);

Qg is the discharge electric quantity in 7.9.2.1 e) (Ah);

Q. is the charge electric quantity in 7.9.2.1 e) (Ah).
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Wy
=—2x100
Ne W,
where
ne is the energy efficiency (%),
Wy is the discharge electric energy in 7.9.2.1 f) (Wh);,
W, is the charge electric energy in 7.9.2.1 f) (Wh).

7.9.2.2 Test by temperature

This fest is intended to determine the energy efficiency of a cell in normal charging at diff
tempgrature conditions.

This fest is applicable to cells used in HEVs and BEVSs.

The [test shall be carried out in accordance with the following procedure at the
tempgratures of =20 °C, 0 °C, and 45 °C.

a)
b)

c)
d)

The ¢harge/discharge limits at {low temperature specified by the cell manufacturer shou
taken into account.

7.9.3 Test for cells~0f BEV application

This fest is applicable to cells used in BEVs, and intended to determine the energy effic
of a ¢ell under fast'charging conditions.

The fest shall be carried out in accordance with the following procedure.

a)

b)
c)

d)
e)

2018

(16)

Full charge at room temperature.

Thermal equilibration of the cell at the test temperature, and start testing after a min
of 16 h and a maximum 24 h.

Discharge the cell by the method specified in 7.3 at each test temperature.

Energy efficiency test at 100 % SOC:

1) at each test temperature, leave the cell at rest for 4 h, and then charge it to 1

SOC by the method recommended by the cell manufacturer;

2) leave the battery at rest for 4 h, and then discharge it by the method specified in 7
Clalculate discharge electric quantity and*charge electric quantity using Equation (13).
Calculate discharge electric energy.and charge electric energy using Equation (14).
Calculate coulomb efficiency andyenergy efficiency using Equation (15) and Equation

erent

test

mum

DO %

3.

16).
d be

ency

The eell shall be left at rest at room temperature for a minimum of 1 h and a maximu

m of

4 h after full charge. The test shall then be commenced.

Discharge the cell by the method specified in 7.3.

Energy efficiency test at 80 % SOC:

1) leave the cell at rest for 4 h, and then charge it to 80 % SOC at 21,. If the vo

ltage

reached the upper limit voltage specified by the cell manufacturer, charging shall be

terminated;

NOTE Selective test conditions are shown in Table A.4.

2) leave the cell at rest for more than 4 h until the cell has attained the test temperature,

and then discharge it by the method specified in 7.3.
Calculate discharge electric quantity and charge electric quantity using Equation (13).
Calculate discharge electric energy and charge electric energy using Equation (14).
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f) Calculation of energy efficiency

Determine the coulomb efficiency using Equation (17) and the energy efficiency using
Equation (18).

N1 :ﬁxloo (17)

cl

where

ne1 Is the coulomb efficiency (%);

. 1 I ! ! . . TR -~ L2 W TR
g1 o e uistiiargc cicLiiv guaritity 1 7.9.0 U) (All),

Q1 Iis the charge electric quantity in 7.9.3 d) (Ah).

Waz
=—=x100 18
Tle1 Wcl X ( )
here
L1 is the energy efficiency (%);
41 is the discharge electric energy in 7.9.3 e) (Wh);

= =3 =

c1 Iis the charge electric energy in 7.9.3 e) (Wh).
7.9.4 Energy efficiency calculation for cells of HEV, application

This [test is applicable to cells used in HEVs, and intended to determine the energy efficlency
of a ¢ell under representative usage conditions of :\HEV application.

a) Clalculation of the charge electric energy afid discharge electric energy

Calculate the charge and discharge electric energy from the results of the test specified in
7|5 using Equation (19) and Equation (20). Round off the resulting values to three
slgnificant figures.

Rlead current values and voltage values at regular intervals from the current and voltage
dpta collected during the charge and discharge cycles, which correspond to the charge

apd discharge patterns of guration 101, x 10 s. Use the standard measurement interyal of
1|s. When the battery voltage after 10 s exceeds the discharge lower limit voltage dr the
charge upper limit voltage, perform the test using the current value in the lower stage of
Tible 1, and repoft the current value that was actually observed.
W, = leUer+1epUep +-+ 1iUey (19)
° 3600
whete
W isthecharge etectricemergy (Whi);
len is the charge current value at point n of measured intervals (A);
Uen is the charge voltage value at point n of measured intervals (V).
lyUgi+1pUgp +-+ 14U
Wd2 _ _di-dl d2~d2 dn™~dn (20)
3600
where
Wyo is the discharge electric energy (Wh);
ldn is the discharge current value at point n of measured intervals (A);

Udn is the discharge voltage value at point n of measured intervals (V).
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b) Calculation of energy efficiency
Determine the energy efficiency using Equation (21).

Wz
= x100 21
TTe2 W, (21)
where
N2 is the energy efficiency (%);
Wyo is the discharge electric energy (Wh);

W, is the charge electric energy (Wh).
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Annex A
(informative)

Selective test conditions

Annex A provides additional and selective conditions for the capacity test specified in 7.3, the
power tests in 7.5, the cycle life test in 7.8, and the energy efficiency test in 7.9.3.

The test conditions "r" in Table A.1, Table A.2, Table A.3 and Table A.4 are specified in this
document. In addition, the test conditions "a" may be selected based on the agreement
betwgen the cell manufacturer and the customer.

Table A.1 — Capacity test conditions

o Discharge Cell temperature
Application current
=20 °C 0°C 25 °C 45°°C
0,21, a a a a
1/3 I a r r r
BEV
11 a a a a
51 a a a a
0,2 It a a a a
131, a a a a
HEV 1 It a r r r
10 1, a a a a
| 4max a a a a

If thel data deviation is larger than that'of 1 I, and 1/3 |, it shall be indicated.

Table A.2 — Power test conditions

Cell temperature
Application SOC
-20 °C 0°C 25°C 40 °C
20 % a a r a
BEV 50 % r r r r
80 % a a r a
20 % a a r a
HEV 50 % r r r r
80 % a a r a

Table A.3 — Cycle life test conditions

Ambient and cell temperature

25 °C 45 °C

Application

BEV a r

HEV a r
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Table A.4 — Conditions for energy efficiency test for BEV application

sSOoC Charge current Test condition

80 % 21, r

Manufacturer's recommended SOC Manufacturer's recommended current a
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Annex B
(informative)

Cycle life test sequence

Annex B provides the test sequences of cycle life tests specified in 7.8. The test sequence
and concept of BEV cycle are shown in Figure B.1 and Figure B.2. The test sequence of HEV
cycle test is shown in Table B.1.
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Measure the initial perfformance

- Capacity 7821
- The dynamic discharge capacity C, at 25 °C and 45 °C e

- Power
v

Adjust the temperature
(45°C +2K)

Phase 1
- Fully discharge
Phase 2

7.8.2.2 a)

A

A

v
- Charge

!

1 Phase 3

- Discharge in dynamic discharge
profile A repeatedly until the
discharged capacity reaches

50 % + 5 % of initial Cp at 45 °C

____________________ |

If the voltage reaches Phase 4

1
1
the lower limit during - Discharge in dynamic discharge 7.8.2.2h)
phases 3 and 5, proceed to | - - At
78220). H profile B for one time only
1

Phase 5

- Discharge in dynamic discharge
profile A repeatedly until the
discharged capacity reaches 80 %

of initial Cp at 45 °C

No

Repeat phases 1 to 5
for28 days

Periodical measurement of performance

- Capacity 7.8.2.2 ¢)
- The 'dynamic discharge capacity Cp at 25 °C
- Power

Repeat from 7.8.2.2 a) to 7.8.2.2 ¢) 6 times,
or until the performance measured in c) is
decreased to less than 80 % of the initial

value, or until the cell temperature reaches the

upper limit

No

7.8.2.2 d)

Yes

| Termination of test | IEC

Figure B.1 — Test sequence of BEV cycle test
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Figure B.2 — Concept of BEY,cycle test
Table B.1 — Test sequence 6f HEV cycle test
Test procedure Temperature
Measure the initial performance
i . Room
7.8.3.1 — Capacity temperatufe
- Power
7.8.4.2 a) Set the switchihg voltage from discharge-rich profile to charge-rich
R profile
45 °C
7842 ) Set the-switching voltage from charge-rich profile to discharge-rich
R profile
7.8.3.3 a) Adjust the temperature to 45 °C
7.8.3.3 b) Adjust the SOC to 80 %
Phise ™l Repeat the cycle in discharge-rich profile until the switching voltage
setin 7.8.3.2 a)
Bhase 2 Repeat the cycle in charge-rich profile until the switching voltage 45 °C
7.8.3.3 ¢) setin 7.8.3.2 b)
Phase 3 Repeat phase 1 and phase 2 for 22 h
Phase 4 | Restfor2h
Repeat the procedure from phase 1 to phase 4
Periodical measurement of performance
- Capacity (every 14 days Room
7.8.3.3 d) pacity (every ys) temperature
- Power (every 7 days)
Terminate the test when either of the following conditions is
satisfied. If not satisfied, go back to 7.8.3.3 a)
7.8.3.3¢€) - Repeat 7.8.3.3 c) for 6 months -

— Either of the performance parameters measured in 7.8.3.3 d) is

decreased to less than 80 % of the initial value
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(informative)

Current-voltage characteristic test

General
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Annex C describes the test method to determine the current-voltage characteristics of a cell,
when the maximum current values for charge and discharge are not available for the power

test ip—-5-

C.2 | Test method

The {est shall be conducted under each combination of SOC and cell temperature at the test
commencement as specified in Table 2, according to the procedure specified by thg cell
manufacturer.

The fest shall be performed according to the scheme shown in Figure’C.1.

Charpe and discharge the cell at the constant test currents™dm Table C.1, and measurg the
voltape at the end of the 10 s pulse of each test current. The range of the charge and
discHarge current shall be specified by the cell manufacturer, and the standard measuregment

inter
charg

The
taker

T4

10-m
disch
test
extern
next

e upper limit voltage, the measurement data shall be omitted.

Charge/discharge limits at low temperature specified by the cell manufacturer shou
into account.

ble C.1 — Charge and discharge current for the current-voltage characteristic tq

Charge and discharge current

Application
A

BEV 11 21 51

t
101,

131,
131,

HEV 11 51

in rest time.shall be provided between charge and discharge pulses as well as bet
arge and charge pulses. However, if the cell temperature after 10 min is not within 2
fempérature, it shall be cooled further. Alternatively, the rest time duration sha
ded-and it shall be inspected whether the cell temperature then settles within 2 K
discharging or charging procedure is then performed.

al shall be 1 s. If the voltage after 10 s exce€ds'the discharge lower limit voltage or

d be

st

veen

K of
Il be
The
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Discharge %
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10 s
10 It
Rest time ]
10s
51t
10 s
10 ¢
P - \ 11T
< 1/3 1t
gl = .
c
[ 10 s |_| Time
3 1/3 It 10s
11t
10s
5 It
lo_s
10 1t
Charge
=) y
IEC

Figure C.1a — Test order of the current-voltage\characteristic test for HEV application

Discharge 1
(+)
10 s
51t
Rest'time ]
10s
2 1t
10s
V'~ 10s
< 13 It -
o | 5" A R
Q.) .
§ 10s |_| Time
o 1/3 1t 10s
11t
10 s
2 1t
10s
51t
Charge
=) Y

IEC

Figure C.1b — Test order of the current-voltage characteristic test for BEV application

Figure C.1 — Test order of the current-voltage characteristic test
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Using the measured values of current and voltage, the current-voltage characteristic line shall
be obtained by straight-line approximation, and the maximum current for charge and
discharge (lymax lecmax) @nd power shall be calculated. The slope of this line shows the
internal resistance of the cell.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE
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LA PROPULSION DES VEHICULES ROUTIERS ELECTRIQUES -

Partie 1: Essais de performance

2018

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.

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 codts (y compris les frais de justice)
dépenses découlant *de la publication ou de ['utilisation de cette Publication de I'EC ou de toute
Publication de LIEC, 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'gttention 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].
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La Norme internationale IEC 62660-1 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) L'objet de chaque essai a été ajouté.

b) L’'essai de puissance a été révisé pour clarification, et une partie informative de I'essai

des caractéristiques courant-tension a été transférée a la nouvelle Annexe C.
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Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
21/975/FDIS 21/985/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a l'approbation de cette Norme internationale.

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

Une |iste 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
consliltée sur le site web de I'lEC.

Le cpmité a décidé que le contenu de ce document ne sera pas modifiécavant la date de
stabilité indiqueée sur le site web de I'lEC sous "http://webstore.iec.ch"~dans les données
relatives au document recherché. A cette date, le document sera

g¢conduit,

°
-

e slipprimé,

L]
-

emplacé par une édition révisée, ou

e amendé.
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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 Iithium-iorT est
indispensable pour fixer un niveau de performance de base et obtenir des.données
esseftielles pour la conception des systémes des véhicules et des packs de batteries:

Le piésent document spécifie les essais de performance des éléments lithiumsion destinés a
la traction automobile qui different fondamentalement des autres éléments“y compris [ceux
destipés aux applications portatives et fixes spécifiées par d'autres normes |IEC. Dans l¢ cas
d'ung application automobile, il est important de tenir compte de la spécificité d'usage, ¢'est-
a-dir¢ la diversité de conception des packs et des systemes de batteries pour automobile,
ainsifque de la diversité des exigences spécifiques relatives auxOeléments et aux battIeries
corrgspondant a chacune de ces conceptions. Basé sur ces faits) le but du présent document
est de fournir une méthodologie fondamentale d'essai ayarnt une polyvalence générale,
remplissant une fonction d'essais préliminaires commufs pour les éléments lithiump-ion
destipés a étre utilisés dans divers systémes de batteri€s.

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

L'IEQ 62660-2 [2] spécifie les essais de fiabjlité et de traitement abusif des éléments lithium-
ion ppur application aux véhicules électriques.

L'IEQ 62660-3 [3] spécifie les exigeneces de sécurité des éléments lithium-ion pour applicfation
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 1: Essais de performance

1 Domaine d’application
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rechalgeables (PHEV) peuvent étre soumis a I'essai avec la procédure pour application BEVIOu pour appli

HEV,
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NOTE
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NOTE|

2 H

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur con

des
s’apq
s'apd

ésente partie de I'lEC 62660 spécifie les essais de performance et de durée de_vig
mulateurs lithium-ion utilisés pour la propulsion des véhicules électriques, ingluar
ules électriques a batterie (BEV) et les véhicules électriques hybrides (HEV).

1 Les éléments d’accumulateurs lithium-ion pour la propulsion des véhicules €lectriques hy

Eelon la conception des systémes de batteries, sur la base de I'accord entre le fabricant de I'élémen

résent document spécifie les procédures d'essai afin d’obtenir les caractérist
ntielles des éléments lithium-ion destinés aux applications de propulsion de véhig

b de stockage et la durée de vie.

résent document spécifie les procédures d'essai et les conditions normalisées

Hestinés aux applications de propulsion ~de véhicules; ces caractéristiques
bensables pour fixer un niveau de performance de base et obtenir des do
ntielles pour différentes conceptions de systemes de batteries et de packs de batteri

2 En plus des conditions spécifiées dansste présent document, des conditions d'essai spécifiques, b
accord entre le fabricant de I'élément etle client, peuvent étre choisies. Des conditions d'essai sélg
Ecrites a I'Annexe A.

3 Les essais de performance des-éléments lithium-ion connectés électriquement peuvent étre effecty
référence au présent document:

4 La spécification d’essai pour les packs et systemes de batteries est définie dans I'lSO 12405-4 [1].

Références nermatives

exigences ‘du présent document. Pour les références datées, seule [I'édition
ligue-~Pour les références non datées, la derniére édition du document de référ
ligue«(y compris les éventuels amendements).

fuer les essais des caractéristiques de performance fondamentales des éléments IitJvium-
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aractéristiques concernent la capacité, la densité de puissance, la densité d'énergje, la
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ISO/TR 8713, Véhicules routiers électriques — Vocabulaire

3 Termes et définitions

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

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

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

e |SO Online browsing platform: disponible & I'adresse http://www.iso.org/obp
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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 1 a l'article: L’abréviation "BEV" est dérivée du terme anglais développé correspondant "battery electric
vehicle".

3.2

véhicule électrique hybride
HEV
véhiqule comportant a la fois un systéme de stockage d'énergie électrique rechargealyle et
une gource d'énergie a carburant pour sa propulsion

Note 1 a l'article: L’abréviation "HEV" est dérivée du terme anglais développé correspondant "“hybrid e€flectric
vehiclg".

3.3
capacité assignée
Cn
valeyr de la capacité d’'un élément en amperes-heures (Ah) déterminée dans des conditions
spéclfiées et déclarée par le fabricant de I'élément

Note 1 a l'article: n dans C, est le temps de base en heures (h)~Dans le présent document, n = 3 pour
I"applipation BEV et n = 1 pour I'application HEV, sauf spécification contraire.

3.4

I
t
courant d’essai de référence en ampéres (A), exprimé comme

l,=d,/1

Note 1 a I'article: 1 a une dimension temporele exprimée en heures (h).

Note 4 a l'article: Voir I'Article 2 de I'|EC 61434:1996 [4].

3.5
température ambiante
tempgrature de 25 °C +2\K

3.6
accumulateurdithium-ion
élémlent d’accumulateur
accumulateur unitaire dont I'énergie électrique provient des réactions d'insertion et
d'extfaction d'ions lithium entre lI'anode et la cathode

Note 1 a l'article: 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.

3.7

état de charge

SocC

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

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

3.8

conservation de charge

aptitude d’'un élément a conserver sa capacité en circuit ouvert dans des conditions spécifiées
de stockage
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4 Conditions d’essai

4.1 Généralités

Les caractéristiques des instruments de mesure utilisés doivent étre données dans tous les
rapports de résultats.

L'essai et les mesures doivent étre effectués avec soin pour éviter tout court-circuit.

NOTE L'essai et les mesures peuvent étre effectués dans des conditions de fixation recommandées par le
fabricant de I’élément.

4.2 | Instruments de mesure
4.2.1 Amplitude des dispositifs de mesure
Les appareils utilisés doivent permettre de mesurer les valeurs de tension; de courant gt de

tempgrature. L’'amplitude et les méthodes de mesure de ces instruments.doivent étre chqisies
de facon a garantir la précision spécifiée pour chaque essai.

Pour|des instruments analogiques, cela implique que les lectures‘doivent étre effectuéeps sur
le defnier tiers de I'échelle graduée.

Tout |autre instrument de mesure peut étre utilisé dans la-mesure ou il donne une prédision
équivalente.

4.2.2 Mesure de la tension

La résistance des voltmetres utilisés doit étre.d’au moins 1 MQ/V.

4.2.3 Mesure du courant

L'engemble complet ampéremeétre; Shunt et fils doit étre d’'une classe de précision supérjeure
ou égale a4 0,5.

4.2.4 Mesure de la température

La tgmpérature de I/&lément doit étre mesurée a l'aide d'un dispositif de mesure Te la
temp rature de surface permettant une deflnltlon dechelle et une précision d’étalonnage
t qui
‘autres

e de
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Elément parallélépipédique ou plat Elément cylindrique

O O Dispositif de mesure de température @
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Eldmant Eldmant
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4.2.5

D'aufres valeurs peuvent étre mesurées au moyen d'un{appareil de mesure, a condition

satis

4.3

La pf
réelle

I+

a)
b)
c)
d)
e)
f) £

[ R i e

I+

Ces
tech

4.4

O————

[ Elément

AN

\ Matériaux d'isolatiéh

Figure 1 — Exemple de mesure de la température d'un élément

IEC

Autres mesures

asse a 4.3.

Tolérance

écision globale des valeurs contr6lées\ou mesurées, relatives aux valeurs spécifiég
s, doit étre comprise dans les tolérahices suivantes:
0,1 % pour la tension;

1 % pour le courant;

2 K pour la températurg;

0,1 % pour le temps,

0,1 % pour la masse;

0,1 % pour_les-dimensions.

tolérances* comprennent la précision combinée des instruments de mesure, ¢
ique_desmesure utilisée, et de toutes les autres sources d'erreur de la procédure d'e

qu'il

S OU

e la
Sssai.

Stabilisation thermigue

Pour stabiliser la température de I'élément, celui-ci doit étre trempé a une température
ambiante spécifiée pendant au moins 12 h. Cette durée peut étre réduite si la stabilisation
thermique est atteinte. La stabilisation thermique est considérée comme étant atteinte si,
dans un intervalle de temps de 1 h, la variation de température de I'élément est inférieure
alk.

5 Mesure des dimensions

La dimension maximale de largeur totale, d'épaisseur totale ou de diametre, et de hauteur
totale d'un élément doit étre mesurée a la température ambiante avec trois chiffres
significatifs, selon les tolérances de 4.3.
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Des exemples de dimensions maximales sont donnés aux Figures 2a a 2f.

IEC
Figure 2a — Elément cylindrique (1) Figure 2 b — Elément cylindrigle (2)
B
A <>
< >
] ] ——— A B
< - P
w [a)]
w
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IEC
IE
Figure 2¢c — Elément parallélépipédique (1) Figure 2d — Elément parallélépipédique (2
A A
| —P> l————p
‘| A ] A |
o o
W w
y i
B T L] v & |
IEC 1Ed
Figute\2e — Elément parallélépipédique Figure 2f — Elément parallélépipédique
en pochette laminée (1) en pochette laminée (2)

Légende

A largeur totale D hauteur totale (bornes comprises)

B épaisseur totale E hauteur totale (bornes non comprises)

C diametre

Figure 2 — Exemples de dimensions maximales de |I'élément

NOTE Les éléments parallélépipédiques sont fournis avec soit un étui métallique rigide soit une pochette souple
laminée. L'élément parallélépipédique en pochette laminée est habituellement appelé "élément en pochette".

Le volume d'un élément parallélépipédique est donné par le produit de sa hauteur totale
(bornes non comprises), de sa largeur totale et de son épaisseur totale, et celui d’un élément
cylindrique est donné par le produit de la section transversale cylindrique et de sa hauteur
totale (bornes non comprises).
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6 Mesure de la masse

La masse d'un élément est mesurée a la température ambiante avec trois chiffres significatifs,
selon les tolérances de 4.3.

7 Mesures électriques

7.1 Généralités

Durant chaque essai, la tension, le courant et la température doivent étre enregistrés.

Avan|t chaque essai, la température de I'élément doit étre stabilisée a la tempeérpture
ambipnte selon 4.4, sauf spécification contraire.

La température ambiante doit étre la température de la piéce, sauf spécification’contraire

7.2 | Conditions générales de charge

Sauf|indication contraire dans le présent document, avant I'essai/de mesures électriques,
I'élément doit étre chargé comme indiqué ci-apres.

Avant la charge, I'élément doit étre déchargé a la temperature ambiante a un coprant
consiant donné dans le Tableau 1 jusqu'a une tensiaon finale spécifiée par le fabricapt de
I’élément. Puis I'élément doit étre chargé a la tempeérature ambiante conformément|a la
méthpde de charge préconisée par le fabricant de I'élément, a la température ambiante.

7.3 | Capacité

La cqpacité d’'un élément doit étre mesurée conformément aux étapes suivantes.
Etapg¢ 1 — L'élément doit &tre chargé conformément a 7.2.
Apres la recharge, la température de I'élément doit étre stabilisée conformément a 4.4.

Etape¢ 2 — L'élément doit étre déchargé a la température spécifiée, & un courant confstant
I, (A)} jusqu'a la tensiontfinale donnée par le fabricant de I'élément. Les courants de décharge
et leg températures de-¥élément indiqués dans le Tableau 1 doivent étre utilisés.

En complémentides conditions du Tableau 1, des conditions d’essai spécifiques peuvent étre
séledtionnées )sur la base d'un accord entre le fabricant de I'élément et le client.| Des
cond|tions‘d'essai sélectives sont présentées dans le Tableau A.1.

Tahleau 1 Conditions de décharae
Ha+eadbd—=—0hReHHeGHS GG Aa-g

Courant de décharge

Température de A

I’élément
°C

Application BEV Application HEV

0
25 1/3 1, 11
45

Etape 3 — Mesurer la durée de décharge jusqu'a atteindre la tension finale spécifiée. Calculer
la capacité de I'élément, exprimée en Ah, avec trois chiffres significatifs, en multipliant le
courant de décharge (A) par la durée de décharge (h).
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7.4

Ajustement de |'état de charge (SOC)

Les éléments d'essai doivent étre chargés comme indiqué ci-dessous, sauf spécification
contraire. L’ajustement de I'état de charge (SOC) est la procédure a suivre pour préparer les
éléments aux différents états de charge (SOC) destinés aux essais du présent document.

Etape 1 — L'élément doit &tre chargé conformément a 7.2.

Etape 2 — L'élément doit étre laissé au repos, a la température ambiante, conformément a 4.4.

Etap

3 — | 'élément dait étre déchargé a un courant constant conformément au Table

ul,

c’'est

a-dire au (100 - n)/100 x 3 h pour une application BEV et (100 — n)/100 x 1 h pou

applitation HEV, ou n est le SOC (%) a ajuster a chaque essai.

7.5
7.5.1

Cet 4
cond

En s
puiss
confd

Puissance
Généralités

ssai a pour objet de déterminer les caractéristiques de puissance d'un élément dan
tions d'utilisation représentatives des applications BEV et HEV.

e fondant sur l'essai des caractéristiques courant-tension en 7.5.2, la densit
ance et la densité de puissance régénérative d'un ‘€lément doivent étre calc
rmément a 7.5.3 et 7.5.4, respectivement.

La densité de puissance et la densité de puissante fégénérative doivent étre calculé

cons

M
L
M
L
c) A
L
d
p
L

gnées pour chaque combinaison de SOC et gde température en 7.5.2.

Méthode d’'essai
ai doit étre effectué conformémentala procédure suivante.

esure de la masse

A masse de I'élément doit étre mesurée comme indiqué a I'Article 6.

esure des dimensions

s dimensions de ['élément doivent étre mesurées comme indiqué a I'Article 5.
ustement du SOC et de la température

essai en 7.5%2 d) doit étre réalisé pour chaque combinaison de SOC et de tempér
b |'élémentau début de I'essai, tels que spécifiés dans le Tableau 2, conformémen
océdure définie par le fabricant de I'élément.

b SQCdoit étre ajusté conformément a 7.4.

Tableau 2 — SOC et température pour I'essai de puissance

une

s les

£ de
Ilées

s et

ature
ala

SOC Température de I'élément
% °C
20 25
50 -20 0 25 40
80 25

NOTE Des conditions d’essai sélectives sont présentées dans le Tableau A.2.

d) E

ssai des caractéristiques courant-tension

Décharger I'élément pendant 10s au courant de décharge maximal spécifié par le
fabricant de I'éléement (14,4,), €t mesurer la tension a la fin de I'impulsion de 10 s (Uy).
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Charger I'élément pendant 10 s au courant de charge maximal spécifié par le fabricant de
I'élement (I.,,ax), €t mesurer la tension a la fin de I'impulsion de 10 s (U,).

Les valeurs de ly,ax €t Icmay Varient en fonction du SOC, de la température d’essai et de
I’état de charge ou de décharge.

Il convient de prendre en considération les limites de charge et de décharge du courant et
de la tension a basse température spécifiées par le fabricant.

En l'absence de l .« et l.nax l€S valeurs peuvent étre obtenues a partir de l'essai
spécifié a ’Annexe C.

7.5.3 Calcul de la densité de puissance
7.5.31 Calcul de la puissance
La plissance doit étre calculée conformément a 'Equation (1) et est arrondie a-irois chjffres
significatifs.

P =Ug x lgmax (@)
ou
Py est la puissance (W);

lymayy €St le courant de décharge maximal spécifié parde fabricant de I'élément (A).

Si P4 est une valeur estimée, cela doit étre indiqué.

7.5.

est la tension mesurée a la fin de I'impulsion de décharge |, de 10 s (V);

3.2 Densité de puissance par unité de masse

La d¢nsité de puissance massique doit étre calculée a partir de 'Equation (2), et est arrpndie

a trois chiffres significatifs.

ou

ppd
P4
m

7.5.

Ppd :H (2)

est la densité(de puissance massique (W/kg);
est la puissance (W);

est lamasse de I'élément (kg).

3.3 Densité de puissance par unité de volume

La densité de puissance volumique doit &ire calculée a partir de TEquation (3), et est arrondie
a trois chiffres significatifs.

ou

Ppvim =7, (3)

<

Ppvim est la densité de puissance volumique (W/I);

Py
\Y

est la puissance (W);

est le volume de I'élément (I).
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7.5.4 Calcul de la densité de puissance régénérative
7.5.4.1 Puissance régénérative
La puissance régénérative doit étre calculée conformément & I’'Equation (4) et est arrondie a

trois chiffres significatifs.

Pe =U¢ X lgmax (4)

P. |estla puissance régénérative (W);
U. |estlatension mesurée a la fin de I'impulsion de la charge | de 10 s (V);

est le courant de charge maximal spécifié par le fabricant de I'élément (A):

cmax

Si P est une valeur estimée, cela doit étre indique.

7.5.42 Densité de puissance régénérative par unité de masse

La d¢nsité de puissance régénérative massique doit &tre calculée'@ partir de I’'Equation (p), et
est afrondie a trois chiffres significatifs.

P
Ppc = FC (5)

ol
Ppc | est la densité de puissance régénérative-massique (W/kQg);
P. |estla puissance régénérative (W);

m est la masse de I'élément (kg).

7.5.43 Densité de puissancew€générative par unité de volume

La densité de puissance régénérative volumique doit étre calculée a partir de I'Equatiop (6),
et est arrondie a trois chiffres significatifs.

(6)

<|s®

Ppvime =

ou

Ppvimic. <€t la densité de puissance régénérative volumique (W/I);

Pe esttapuissance Tegenerative (W;
\Y est le volume de I'élément ().
7.6  Energie

7.6.1 Généralités

Cet essai a pour objet de déterminer la densité d'énergie qui peut provenir d'un élément dans
les conditions d’utilisation représentatives des applications BEV et HEV.

En se fondant sur l'essai spécifié en 7.6.2, la densité d'énergie d’'un élément doit étre
calculée conformément & 7.6.3.
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7.6.2 Méthode d’essai

La densité d'énergie massique (Wh/kg) et la densité d'énergie volumique (Wh/l) des éléments
sous une décharge de courant de 1/31; (A) pour une application BEV et de 11; (A) pour une
application HEV doivent étre déterminées conformément a la procédure suivante.
a) Mesure de la masse

La masse de I'élément doit étre mesurée comme indiqué a I'Article 6.
b) Mesures des dimensions

Les dimensions de I'élément doivent étre mesurées comme indiqué a I'Article 5.

c)

esure de la capacité

h capacité de I'élément doit étre déterminée a la température ambiante, conformément a
3.

M
L
7
d) Calcul de la tension moyenne
L
d

A valeur de la tension moyenne pendant la décharge, lors de l'essaj“de capacité ci-
bssus, doit étre obtenue en intégrant la tension de décharge dans le.temps et en diisant
Ig résultat par la durée de décharge. La tension moyenne est calculée d'une fagon simple,
ep utilisant la méthode suivante: Les tensions de décharge Uy,“U,, ..., U, sont notées
tqutes les 5 s a partir du début de la décharge et les tensionsCatteignant la tension finale
ep moins de 5s sont écartées. La tension moyenne U,,; 'lest alors calculée de mahiere
smplifiée a l'aide de I’'Equation (7) avec trois chiffres.significatifs en arrondissant le

resultat.
u,, :U1+U2+---+Un 7)
n
7.6.3 Calcul de la densité d'énergie
7.6.3.1 Densité d'énergie par unitéde masse

La dg¢nsité d'énergie massique dojt étre calculée a I'aide des Equations (8) et (9) avec|trois
chiffres significatifs en arrondissant’le résultat.

Weg = CqUavr (8)

Weq | €st I'énefgie électrique de I'élément a la température ambiante (Wh) lorsqu’il est
déchargé dans des conditions spécifiées;

Cq |estdacapacité de décharge (Ah) a 1/31, (A) pour BEV ou & 11, (A) pour HEV;
estla tension moyenne pendant la décharge (V).

Wed (9)
m

Ped =

Peq €St la densité d'énergie massique (Wh/kg);

Weq est I'énergie électrique de I'élément a la température ambiante (Wh) lorsqu’il est
déchargé dans des conditions spécifiées;

m est la masse de I'élément (kg).
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