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Foreword

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

Lithium-ion based battery systems are an efficient alternative energy storage system for electrically
propelled mopeds and motorcycles. The requirements for lithium-ion based battery systems to be used
as power source for the propulsion of electrically propelled mopeds and motorcycles are significantly
different to those batteries used for consumer electronics or stationary usage.

This document provides specific test procedures for lithium-ion battery packs and systems specifically
developed for propulsion of mopeds and motorcycles. This document specifies such tests and related
requirements to ensure that a battery pack or system is able to meet the specific needs of the mopeds
and motorcyeleseustry-

It enables mopeds and motorcycles manufacturers to choose test procedures to evaluatg the
characteristics of a battery pack or system for their specific requirements.

vi © ISO 2017 - All rights reserved
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Electrically propelled mopeds and motorcycles — Test
specifications and safety requirements for lithium-ion
battery systems

1

This
elect]

The

on p
supp
This
to an
condjfitions of lithium-ion battery packs and systems are selected from the standard tests

Scope

document specifies the test procedures for lithium-ion battery packs and syste
rically propelled mopeds and motorcycles.
gpecified test procedures enable the user of this document to determine the esséntial chi
erformance, safety and reliability of lithium-ion battery packs and systems. The
orted to compare the test results achieved for different battery packs or'systems.

document enables setting up a dedicated test plan for an individuathattery pack or sy:
agreement between customer and supplier. If required, the relevant test procedures

ms used in

iracteristics
user is also

tem subject
and/or test
provided in

definition of
h be found in

heir content
applies. For
hts) applies.

d electronic

12 h cycle)

tion, impact

um, chloride

this glocument to configure a dedicated test plan.

NOTHE 1  Electrically power-assisted cycles (EPAC) cannot .be“considered as mopeds. The

electrically power-assisted cycles can differ from country to country. An example of definition ca
the EU Directive 2002/24/EC.

NOTE 2  Testing on cell level is specified in IEC 62660 (all parts).

2 Normative references

The following documents are referred.to in the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited
undgted references, the latest edition of the referenced document (including any amendme
ISO 13063, Electrically propelled’mopeds and motorcycles — Safety specifications

ISO [16750-1, Road vehicles — Environmental conditions and testing for electrical an
equipment — Part 1: General

IEC 40068-2-30, Environmental testing — Part 2-30: Tests - Test Db: Damp heat, cyclic (12 h +
IEC ¢0068-2-47) '‘Environmental testing — Part 2-47: Tests - Mounting of specimens for vibr(
and similag. dyhamic tests

IEC 60068-2-52, Environmental testing — Part 2-52: Tests - Test Kb: Salt mist, cyclic (sod]
solutiony.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

[EC Electropedia: available at http://www.electropedia.org/

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

© IS0 2017 - All rights reserved
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battery control unit

BCU

electronic device that controls, manages, detects, or calculates electric and thermal functions of the
battery system and that provides communication between the battery system and other mopeds and
motorcycles controllers

3.2

battery pack
energy storage device that includes cells or cell assemblies normally connected with cell electronics,
high voltage circuit and over current shut-off device including electrical interconnections, interfaces for

external syd
Note 1 to ent

3.3

battery sys
energy stor
circuits and

Note 1 to ent
in different d

3.4
capacity
total numbd{
conditions

3.5

cell electro
electronic d
assemblies 4

Note 1 to en
controlled by

3.6

energy rou
ratio of the
energy (W-H

3.7

rated capag
suppliers sp
battery pac

tems (e.g. cooling, high voltage, auxiliary low voltage and communication)

Fy: See A.2 for further explanation.

tem
hge device that includes cells or cell assemblies or battery pack(s) ds ‘well as elect
electronics (e.g. BCU, contactors)

y: See A.3.1 and A.3.2 for further explanation. Battery system compdénents can also be distri
pvices within the vehicle.

r of ampere-hours that can be withdrawn from a‘fully charged battery under speq

nics
evice that collects and possibly monjtors thermal and electrical data of cells of
ind contains electronic for cell balancing, if necessary

try: The cell electronics can includepa cell controller. The functionality of cell balancing c
the cell electronics or it can be controlled by the BCU.

hd trip efficiency
net DC energy (W-h discharge) delivered by a DUT during a discharge test to the tot
charge) required\tarestore the initial SOC by a standard charge

ity
ecification)of the total number of ampere-hours that can be withdrawn from a fully ch4
k or system for a specified set of test conditions such as discharge rate, temperd

rical

buted

ified

cell

hn be

hl DC

rged
ture,

discharge C\|1t—off voltage, etc.

3.8
room temp
RT

erature

temperature of (25 + 2) °C

39

device under test

DUT

battery pack or battery system

3.10
sign of batt

ery current

discharge current is specified as positive and the charge current as negative

© ISO 2017 - All rights reserved
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state of charge

SOC
avail

3.12

able capacity in a battery pack or system expressed as a percentage of rated capacity

standard charge for top off

SCH

additional charge which eliminates possible SOC reduction after SCH at RT followed by thermal
equilibration at a different temperature

3.13

voltage class A

classfification of an electric component or circuit with a maximum working voltage of £30'Vja.c. or <60 V
d.c., Tespectively

Note [L to entry: For more details, see ISO 6469-3.

3.14

voltage class B

classfification of an electric component or circuit with a maximum véltage of (>30 and <1 (00) V a.c. or
(>60fand <1 500) V d.c., respectively

3.15

maxjmum working voltage

highest value of a.c. voltage (r.m.s.) or of d.c. voltage whichhay occur in an electrical systejn under any
normal operating conditions according to the manufacturer’s specifications, disregarding fransients
3.16

isoldtion resistance

resistance between live parts of voltage class B electric circuit and the electric chassis a§ well as the
voltage class A system

3.17

rupture

loss ¢f mechanical integrity of the-enclosure of the DUT resulting in openings that do not fulfjl protection

degr

3.18
expl
sudd
and/|

Note
damg

3.19

be [PXXB according to [SO.20653

psion
en release of emergy sufficient to cause pressure waves and/or projectiles that may caug
pr physical dantage to the surrounding of the DUT

1 to entry:, The kinetic energy of flying debris from the battery back or system may be suffid
ge aswell.

e structural

ient to cause

fire

continuous emission of flames from a DUT (approximately more than 1 s)

Note

3.20

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

venting
release of excessive pressure from a DUT intended by design

3.21

leakage
escape of liquid or gas from a DUT regardless of venting (pressure release device for cell) or not

© ISO
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3.22

customer

party interested in using the battery pack or system and, therefore, orders or performs the test

EXAMPLE

3.23
supplier

A moped/motorcycle manufacturer.

party that provides battery systems and packs

EXAMPLE

3.24

A battery manufacturer.

thermal eq
DUT achieving the thermal target

3.25

thermal eq
thermal bal

nilibration

pilibrium
hince of the cell among the DUT

k subsystem
ve portion of the battery pack

)ls and abbreviated terms

httery control unit

hpacity, expressed in ampere-hours (A-h)

five times the 1 h current discharge'rate, expressed in A)
bvice under test

nd of discharge voltage

hcity testing

ce and energy efficiency testing
ot meainsquare

om temperature (25 + 2) °C

aximum continuous discharge current specified by the manufacturer for energy and da-

clirrent rate equal to n times the 1 h diseharge capacity expressed in ampere (e.g. 5C is ¢qual

aximum dischiange pulse current specified by the manufacturer for power, internal regist-

standard cycle

standard charge

standard discharge

state of charge

3.26
battery pad
representat
4 Symbg
BCU b
C ok
nC
td
DUT d
EODV e]
l[dmax M
p
ldpmax M
al
r.m.s. r
RT r
SC
SCH
SDCH
SocC
4
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5 General requirements

5.1 General conditions

A battery pack or system to be tested according to this document shall fulfil the following re

quirements:

— electrical safety design shall be approved according to the requirements given in ISO 13063; and

— necessary documentation for operation and needed interface parts for connection

to the test

equipment (i.e. connectors, plugs including cooling) shall be delivered together with the DUT.

A ba —e:
and shall be able to communicate with the test bench via common communication buses.

If not otherwise specified, the tests described apply to battery packs/systems. The statug
e.g. new product, tested or used, shall be agreed upon between customer and supplier be

e among all available cell temperature measuring points is lower than 4 °C .
If not otherwise specified, each charge and each SOC change shall'be followed by a rest perig
The accuracy of external measurement equipment shall be.at least within the following tolg
— yoltage: +0,5 %;

— ¢qurrent: 0,5 %; and
— flemperature: +1 K.

The pverall accuracy of externally contrélled or measured values, relative to the specifi
valugs, shall be at least within the following tolerances:

— vYoltage: +1 %;

— ¢urrent: £1 %j;

— flemperature: *2 K;
— fime: 20,1 %;

— ]]nass: +04°%; and
i

mensions: 0,1 %.

]l in the BCU

of the DUT,
fore testing.

rature for a
the thermal
d of 1 h, the

d of 30 min.

trances:

bd or actual

All valugs ftime, temperature, current and voltage) shall be recorded atleastevery 1 % of th

e estimated

discharge and charge time, except if it is noted otherwise in the individual test procedure.

5.2 Tests

An overview about the tests is given in Figure 1, where the references to the specific clauses are also given.

© IS0 2017 - All rights reserved
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Overview of tests

General tests

Performance tests

Safety and reliability tests

Pre-cqnditioning cycles
(6.1)
Standard cycle (6.2)
Standard discharge
(6.2.212)

Standard charge (6.2.2.3)

Energy and capacity at RT
(7.1)

Energy and capacity at
different temperature and
discharge rates (7.2)
Power and internal
resistance (7.3)

No load SOC loss (7.4)
SOC loss at storage (7.5)
Cycle life (7.6)

Vibration (8.1)

Mechanical shock (8.2)

Drop (8.3)

Thermal shock (8.4)

Water immersion (8:3)

Fire (8.6)

Overtemperatufe condition (8.7)
Short circuit protection (8.8)
Overchargeprotection (8.9)
Over discharge protection (8.10)
Dewing (8.11)

Salt spray (8.12)

5.3 Test procedure
The test seI

procedure i$ listed in Table 1.

Figure 1 — Oveerview of the tests

uence and sample numbers for an individual battery pack or system, or a battery
subsystem, fhall be based on agfeement between customer and supplier. The basic suggestion o

pack
[ test

© ISO 2017 - All rights reserved
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Table 1 — Test procedure

Seq Test type Test procedure Sample SN
1 Pre-conditioning cycles (6.1) 1#-20#
2 Standard cycle (6.2) 1#-20#
General tests X
3 Standard discharge (6.2.2.2) 1#-20#
4 Standard charge (6.2.2.3) 1#-20#
5 Energy and capacity at RT (7.1) 1#-20#
a Energy and capacity at different temperature and discharge 1#
rates (7.2)
7 Performance tests Power and internal resistance (7.3) 2#
8 No load SOC loss (Z7.4) 3#
9 SOC loss at storage (Z7.5) 4#
10 Cycle life (7.6) 5#
1] Vibration (8.1) 6#
11 Mechanical shock (8.2) 7#
11 Drop (8.3) 8#
14 Thermal shock (¢ycle) (8.4) o#
1] Water infmhersion (8.5) 10#
16 Safety and Fite (8.6) 11#
17 reliability tests Overtemperature condition (8.7) 12#
18 ShoFt circuit protection (8.8) 13#
19 Overcharge protection (8.9) 14#
Over discharge Protection (8.10) 15#
] Dewing (8.11) 16#
vy Salt spray (8.12) 17#
5.4 | Preparation of the DUT for testing
5.4.1 Preparationofbattery pack
If not otherwise specified, the battery pack shall be connected with voltage class B and voltage class A
connfections to_the test bench equipment. Contactors, available voltage, current and tempg¢rature data
pecification
by the testbench equipment. The passive overcurrent protection shall be maintained by thle test bench
b device can
ments.

5.4.2 Preparation of battery system

If not otherwise specified, the battery system shall be connected with voltage class B, voltage class
A and cooling system and BCU to the test bench equipment. The battery system shall be controlled
by the BCU. The test bench equipment shall follow the operational limits provided by the BCU via
bus communication. The test bench equipment shall maintain the on/off requirements for the main
contactors and the voltage, current and temperature profiles according to the requested requirements
of the given test procedure. The battery system cooling device and the corresponding cooling loop at
the test bench equipment shall be operational according to the given test specifications and the controls
by the BCU. The BCU shall enable the test bench equipment to perform the requested test procedure
within the battery system operational limits. If necessary, the BCU program shall be adapted by the
supplier for the requested test procedure. The active and passive overcurrent protection device shall

© IS0 2017 - All rights reserved 7
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be operational by the battery system. Active overcurrent protection shall be maintained by the test
bench equipment, too, if necessary, via request of disconnection of the battery system main contactors.

6 General test methods

6.1 Pre-c

6.1.1 Pur
The DUT sh

onditioning cycles

pose

11 be conditioned hy pprfnrming some electrical cycles hefore starting the tests of Clau

ses 7

and 8, in ord

This test ap

6.1.2 Tes{
The procedt
The tes{

The dig
by the
recomn

Three
suppliel

At end

recomn
irreverg

6.2 Stang

6.2.1 Pur

The purpos
An SC, as de

6.2.2 Tesf

6.2.2.1 G¢
The SC shal

er to ensure an adequate stabilization of the battery pack or system performance.

blies to battery packs and systems.

[ procedure
ire shall be the following.
shall be performed at RT.

charges shall be performed at C/3 or at a different curfent if suggested and/or
supplier in testing before delivery. The charging shallybe performed according t
endations of the supplier.

onsecutive preconditioning cycles shall be performed. If agreed between custome
, only two cycles shall be performed.

lended by the supplier (the minimum voltage is the lowest voltage under discharge wit
ible damage).

lard cycle (SC)

pose

e of the SC is to ensure,the same initial condition for each test of a battery pack or syj{
cribed below, shall’lhe’performed prior to each test.

[ procedure

tneral

| besperformed at RT. The SC shall comprise a standard discharge (SDCH; see 6.2

used
the

and

bf discharge, the battery pack or system voltage shall not go below the minimum volltage

hout

tem.

2.2),

followed by

standard charge (SCH; see 6.2.2.3)

If, for any reason, the time interval between the end of the SC and the start of a new test is longer than
3 h, the SC shall be repeated.

6.2.2.2 Standard discharge (SDCH)

Discharge rate: C/3 or other specific discharge regime according to the specifications given by the

supplier.

Discharge voltage limit: According to the specifications given by the supplier.

Rest period

after discharge to reach a stable condition: 60 min.

© ISO 2017 - All rights reserved
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6.2.2.3 Standard charge (SCH)

Charge procedure and end of charge criteria:

— (/3 or another specific charge regime according to the specifications given by the supplier. The
specifications shall cover end of charge criteria and time limits for the overall charging procedure.

— In any case, the total charge procedure shall be completed in at least 8 h.

Rest

period after charge to reach a stable condition:

— 60 min.

7 Performance test

7.1

7.1.1 Purpose

This

supp

is 15
and

Energy and capacity at RT

liers rated C/3 capacity in A-h (e.g. if the rated 3-h discharge capacity is 45 A-h, the di

hs a standard rate for pack and system level testing.“In addition, if applicable, th

test measures DUT capacity in A-h at constant current discharge rates correspoijding to the

scharge rate

A). The 3-h rate (C/3), 1C and 2C are used as reference for static capacity and energy measurement

F maximum

pernjitted C rate shall be performed for capacity determmination to meet the high engrgy system
application requirements. Discharge is terminated on ‘supplier specified discharge vdltage limits

depe

7.1.2
The {

C rat|

be p4

nding on discharge rates.

Test procedure

est shall be performed at RT with the'discharge rates C/3, 1C, 2C and, if applicable, th
e as permitted by the supplier (the maximum C rate corresponds to I4 max). The test se
rformed as specified in Table 2.

Table 2 —Test sequence energy and capacity test at RT

e maximum
Huence shall

Step Procedure teﬁlr;l;):::ltfre
1.1 Thermal equilibration RT
1.2 SCH RT
1.3 SC RT
2.1 Discharge at C/3 RT
2.2 SCH RT
2.3 Discharge at 1C RT
2.4 SCH RT
2.5 Discharge at 2C RT
2.6 SCH RT
2.7 Discharge at Iq max RT
2.8 SCH RT
31 SC RT

The SCH procedure shall follow 6.2.2.3.

The standard cycle procedure shall follow 6.2.

All discharge tests shall be terminated at the supplier’s discharge voltage limits.

© ISO
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After discharge, the DUT shall rest at least for 30 min or shall be thermal equilibrated at the requested
ambient temperature or a fixed time period shall be used to allow for thermal equilibration before
starting the next step in the test sequence.

7.1.3 Requirement

If the C/3 capacity obtained during testing at 7.1.2 step no. 2.1 differs more than 5 % from the supplier’s
C/3 specification, this measured C/3 capacity shall be used as rated capacity and shall be the basis value
for all further discharge current requirements, i.e. the value for C in each discharge current calculation
nC shall be based on the measured C/3 capacity.

The followi

7.2 Enert

7.2.1 Pur

This test characterizes the capacity at different temperatures at three different constant cu
discharge r
temperatury

7.2.2 Tesf

The test shd
defined by t
by the supp]

The test sequence shall be performed as specified in Table 3.

Table 3 — [leSt sequence energy and capacity test at different temperature and discharge r|
Step Procedure tefr\ll;;g;:gre
1.1 Thermal equilibration RT
1.2 SCH RT
1.3 SC RT
21 Thermal equilibration 40°C
2.2 SCH for top off 40°C
2.3 Discharge at C/3 40°C
31 Thermal equilibration RT
3.2 SCH RT

10

current
the folld

dischar
charged
energy

dischar
EODV o

determ
require

jg data shall be reported:

voltage, DUT temperature and ambient temperature versus time at each discharge tes
wing standard charge;

bed capacity in A-h, energy in W-h and average power in W at each dischayge test;
capacity in A-h, energy in W-h and average power in W following eachydischarge test;
round trip efficiency at each discharge test;

bed energy in W-h as a function of SOC at each discharge test{in % of rated capacity);
Fall available cell voltage measuring points for all performed discharge tests; and

ned C/3 rated capacity which is taken as basic value for all further discharge cu
ments.

ry and capacity at different temperature and discharge rates

pose

htes. The different discharge. rates shall be performed in a sequence before the am
P is changed and the test shall'be repeated after the new temperature is achieved.

L procedure

1l be performed(tleast at three different temperatures (40 °C, 0 °C and T min < -10
he manufacturey) with the discharge rates C/3, 1C, 2C and the maximum C rate as perm
ier (the maximum C rate corresponds to I max).

t and

rrent

rrent
bient

°C as
itted

ates
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Table 3 (continued)
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Step Procedure ter?:]l)l:::::re
3.3 SC RT
41 Thermal equilibration 40°C
4.2 SCH for top off 40°C
4.3 Discharge at 1C 40°C
5.1 Thermal equilibration RT
5.2 SCH RT
5.3 sC RT A
6.1 Thermal equilibration 40°C Q\
6.2 SCH for top off 40°C (bq/
6.3 Discharge at 2C 40°C nﬂ/"
7.1 Thermal equilibration RT NY
7.2 SCH RT
7.3 sC ¢ RT
8.1 Thermal equilibration Ve Daoec
8.2 SCH for top off ) 40°c
8.3 Discharge atlamax 3\ 40°C
9.1 Thermal equilibratigﬁ\\)‘ RT
9.2 SCH oo RT
9.3 SC . RT
10.1 Thermal eg‘gﬁ‘fbration 0°C
10.2 SCH for top off 0°C
10.3 _Digcharge at C/3 0°C
111 @*mal equilibration RT
112 | - SCH RT
113 () sc RT
1;\1S) Thermal equilibration 0°C
\O#-.é SCH for top off 0°C
CQ\IZ. Discharge at 1C 0°C
Q.Q 13.1 Thermal equilibration RT
Q?‘ 13.2 SCH RT
< 133 sc RT
&?\ 14.1 Thermal equilibration 0°C
% 142 SCH for top off Q°C
14.2 Discharge at 2C 0°C
15.1 Thermal equilibration RT
15.2 SCH RT
15.3 SC RT
16.1 Thermal equilibration 0°C
16.2 SCH for top off 0°C
16.3 Discharge at Iq max 0°C
17.1 Thermal equilibration RT
17.2 SCH RT
17.3 SC RT

© IS0 2017 - All rights reserved
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Table 3 (continued)

Step Procedure tefr\:;)l::;:llfre

18.1 Thermal equilibration Tmin

18.2 SCH for top off Tmin

18.3 Discharge at C/3 Tmin

19.1 Thermal equilibration RT

19.2 SCH RT

19.3 SC RT

20.1 Thermal equilibration Tmin

20.2 SCH for top off Tmin

20.3 Discharge at 1C Tmin

21.1 Thermal equilibration RT

21.2 SCH RT

21.3 SC RT

22.1 Thermal equilibration Tmin

22.2 SCH for top off Tufin

22.3 Discharge at 2C Ldin

23.1 Thermal equilibration RT

23.2 SCH RT

23.3 SC RT

24.1 Thermal equilibration Tmin

24.2 SCH for top off Tmin

24.3 Discharge atdd.pax Tmin

25.1 Thermal equilibration RT

25.2 SCH RT

25.3 SC RT
The SCH prqgcedure at the different temperatures shall follow 6.2.2.3.
The SC procedure shall follow 6:2.
The value fgr the C discharge-rate shall be based on the rated capacity provided by the battery supplier
and according to the C/3test results as described in test procedure 7.1, respectively.
All dischargge tests shall be terminated at the supplier’s discharge voltage limits.
After dischqrgei.the DUT shall rest at least for 30 min or shall be thermal equilibrated at the requésted
ambient temperature or a fixed time period shall be used to allow for thermal equilibration bgfore

starting the next step in the test sequence.

Test steps that are out of maximum current rates specified by the manufacturer for a given temperature
shall be omitted.

NOTE SCH for top off enables the DUT to be recharged in order to compensate for energy losses that can
occur during temperature equilibration.

7.2.3 Requirements
The following data shall be reported:
— current, voltage, DUT temperature and ambient temperature versus time at each discharge test and

the following standard charge;

12 © IS0 2017 - All rights reserved
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energy round trip efficiency at each discharge test;

a diagram regarding the EODV dispersion of the cells at each discharge test.

Power and internal resistance

discharged capacity in A-h, energy in W-h and average power in W at each discharge test;

charged capacity in A-h, energy in W-h and average power in W following each discharge test;

discharged energy in W-h as a function of SOC at each discharge test (in % of rated capacity); and

7.3.1

The

ohm
and 1
oper

7.3.2

The
20,
at va
supp,
valug
curr
limit
cons
the d

Purpose

power and internal resistance test is intended to determine the dynamic pewer ca
c resistance for discharge and charge conditions, as well as the OCV of the DUJ+as a fun
emperatures according to a realistic load profile derived from mopedsjand motorcy
htion.

Pulse power characterization profile

bjective of this profile is to demonstrate the discharge pulsépower (0,1s,25s,5s,10s
30s,60s,90sand 120 s) and regenerative charge pulse power (0,1 s, 2 s, 10 s and 20 s)
rious SOC and temperatures. The test protocol uses constant current at levels deriv

liers maximum rated pulse discharge current, Iggomax. In agreement with the cu

 can be reduced. Only in case the DUT reaches the, discharge voltage limit during di
ent shall be reduced such that the battery terminal voltage is maintained at the disch
throughout the 120 s discharge pulse. The cuirrent of the regenerative charge pulse 4
fant and shall be calculated as 75 % of the discharge pulse current. Only in case the |
harge voltage limit during charging, the\current shall be reduced such, that the battq

voltdge is maintained at the charge voltage [imit throughout the 20 s regenerative charge p

The {
pulsg
resis
pulsq
rest

NOTH
the D
equip
is reg
alway

est profile shall start with an Iqf max discharge pulse for 18 s followed by an 0,75 Igp m
 for additional 102 s followed by a 40 s rest period to allow the measurement of the cell
tance. After the rest period;-a 20 s charge pulse with 75 % current rate of the Igp m
e shall be performed to,determine the regenerative charge capabilities. After the chg
beriod of 40 s shall follow’(for timing and current, see also Table 4 and Figure 2).

For testing of\battery systems, the BCU delivers, e.g. depending on actual temperatur

jpability, the
ction of SOC
cles driving

18s,18,1 s,
capabilities
ed from the
stomer, this
scharge, the
hrge voltage
hall be kept
DUT reaches
ery terminal
ulse.

Lx discharge
polarization
L x discharge
rge pulse, a

e and SOC of

UT, the maximuni-dllowed operating limits of the DUT via bus communication to enable the test bench

ment to alwaysimaintain the DUT in specified operating conditions. For testing of battery packs
uested to deliver all necessary operating limits for the DUT in order to adjust the test bench
s maintainthe DUT in specified operating conditions.

, the supplier
pquipment to

© ISO

2017 - All rights reserved
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Figure 2 shd

is specified
Imax, for the

14

Current [yl ¥l

Table 4 — Pulse power characterization profile

120
100
a0
6o
40
20

-20
—40
—60
—-80
-100

Time increment Cumulative time Current
(s) (s)
0 0 0
18 18 Idp max
102 120 0,75 Idgp max
40 160 0
20 180 -0,75 Idp max
40 220 0

ws an example with a maximum rated pulse discharge current, [;hax. The discharge cufrent
hs positive and the charge current as negative. The maximum rated pulse discharge cunrent,
pulse power characterization profile has to be specified by the suppliet:

0=

Figure 2 — Pulse power characterization profile — Current
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Figure 3 — Pulse power characterization profile — Voltage
NOTH The voltage values in(Figure 3 are an example and expressed for pack or system leve|. Values may
diffeit depending on battery chemistry, temperature, SOC, etc.
For the peak power, regéenerative power and resistance determination, the battery terminal voltage and
current shall be measured at the times given in Table 5.
If thq test equipment cannot provide the current value with the requested accuracy at the timne of 100 ms
after|a change in the current profile, no related values for power and resistance shall be calculated for
this gpecifie:test step.
Table 5 — Measured voltages and currents

Ti(gle Current value Voltage Current
0 0 Ug Io
0,1 Idp max U1 I1
2 Idp max Uz I2
5 Idp max Us I3
10 Idp max Uy I4
18 ldp max Us Is
18,1 0,75 Idp max Us Ig
20 0,75 Idp max Uy I7

© IS0 2017 - All rights reserved
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Table 5 (continued)

The followiy

Ti(g)le Current value Voltage Current
30 0,75 Idp max Ug Ig
60 0,75 Idp max Ug Ig
90 0,75 Igp max U1o l10
120 0,75 ldp max Uiy I11
160 U2 I12
160,1 =0,75 I4p max U3 13
162 -0,75 Idp max U4 Ii4
170 -0,75 Idp max Uss Iis
180 -0,75 Idp max Ute li6
220 Uy7 I17
ig calculations for resistance and power shall be performed according.to Table 6.
Table 6 — Calculation of resistance and power
Value Formula At
(s)
90 s discharge resistance Ri90s, dch = (Uo,— Ud0)/110 90
120 s discharge resistance Ri 120s,dch = (Bo =~ U11)/111 120
overall discharge resistance Ridch = (Ui2 - U11)/111 40
0,1 s charge resistance Ri 0,15, cha*= (U12 - U13)/113 0,1
2 s charge resistance Ri 75%cha = (U12 = U14)/114 2
10 s charge resistance Ri10s, cha = (U12 - U1s)/115 10
20 s charge resistance Ri 20s, cha = (U12 - U16)/116 20
overall charge resistance Ri cha = (U16 - U17)/117 20
0,1 s discharge power Po1s,dch = U1 x 11 0,1
2 s discharge power P 2s,dch=U2 x 13 2
5 s discharge power P55 dch = U3 x I3 5
10 s discharge power P 10s,dch = Us x I 10
18 s discharge power P 18s,dch = Us x I5 18
18,1 s discharge power P 1815, dch = Up x Ig 18,1
205 discharge power P 20s,dch = U7 x I7 20
30:s discharge power P 30s,dch = Ug x Ig 30
60 s discharge power P 60s, dch = Ug x Ig 60
90U s discharge power P 70s,dch = U10 X I10 90
120 s discharge power P 120s, dch = U11 x I11 120
0,1 s charge power P 0,15, cha = U13 x I13 0,1
2 s charge power P 25, cha=U14 x I14 2
10 s charge power P 10s,cha = U15 x I15 10
20 s charge power P 20s, cha = U16 * l16 20
open circuit voltage Uocv = U7 _

© ISO 2017 - All rights reserved
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7.3.3 Test procedure

The test shall be performed at four different temperatures (40 °C, RT, 0 °C and -10 °C) and shall cover
a SOC range of 90 % to 20 % within three steps: 90 % (or supplied by supplier), 50 % and 20 % (or
supplied by supplier).

— Prior to each test temperature, the DUT shall be conditioned at RT according to the thermal
equilibration requirements provided in 5.1 followed by a SCH as provided in 6.2.2.3 for top off and
a SC as provided in 6.2.

— Then the DUT shall be condltloned at the spec1f1ed test temperature accordlng to the thermal

1

The
shall

— 4

— 1
i

Then the pulse power characterization profile as described in 7.3:2 shall be performed

The next SOC steps (50 % and 20 %) shall be reached by a'C/3 discharge followed

Then the pulse power characterization profile as described in 7.3.2 shall be perfori
mentioned SOC step.

performed.

The complete test sequence shall be performed as specified in Table 7.

followed by a minimum 30 min rest period.

A 108 s discharge with a C/3 rate will decrease the SOC level by 1 %.

est period.

hmount of electric charge (A-h) withdrawn during the previous power characterizg
be taken into account when adjusting the SOC level to the next following step by a C/3

A\t the end of the pulse power characterization profile at the 20 % SOC level, the §

Data sampling, especially for DUT Voltage and current shall be performed with an adequ
ate, e.g. 10 ms.

Table’7 — Test sequence power and internal resistance test

becified test

SOC of 90 %

by a 30 min
ned at each
ition profile
discharge.

CH shall be

hte sampling

© ISO

Step Procedure ter?lr:::::llfre
1.1 Thermal equilibration RT
1.2 SCH for top off RT
1.3 SC RT
2.1 Thermal equilibration RT
2.2 SCH for top off RT
2.3 Pulse power characterization RT
2.4 SCH RT
3.1 Thermal equilibration RT
3.2 SCH for top off RT
3.3 SC RT
41 Thermal equilibration 40°C
4.2 SCH for top off 40°C
4.3 Pulse power characterization 40°C

2017 - All rights reserved
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Table 7 (continued)
Step Procedure tefr\:;)l::;:llfre
4.4 SCH 40°C
5.1 Thermal equilibration RT
5.2 SCH for top off RT
5.3 SC RT
6.1 Thermal equilibration 0°C
6.2 SCH for top off 0°C
6.3 Pulse power characterization 0°C
6.4 SCH 0°C
7.1 Thermal equilibration RT
7.2 SCH for top off RT
7.3 SC RT
8.1 Thermal equilibration -10°C
8.2 SCH for top off -10 °C
8.3 Pulse power characterization -10.°C
8.4 SCH <10 °C
9.1 Thermal equilibration RT
9.2 SCH for top off RT
9.3 SC RT
14.1 Thermal equilibration RT
14.2 SCH for top off RT
14.3 Pulse power characterization RT
14.4 SCH RT
The SCH prqgcedure at the different temperatures shall follow 6.2.2.3.
The SC procedure shall follow 6.2.
All discharge tests shall be terminated at the supplier’s discharge voltage limits.
SCH for top |off enables the DUTto be recharged in order to compensate energy losses that may ¢ccur
during temperature equilibyation. Test steps that are out of maximum current rates specified by the
manufacturgr for a givehd¢emperature shall be omitted.

The following’data shall be delivered using the formulae described in 7.3.2:

7.3.4 Retluirements

— discharge power in W for 0,1s,25s,55s,10s,18s,18,1s,205s,305s,60s,90s and 120 s peaks as a
function of SOC and temperature;

— charge powerin Wfor 0,1s,2s,10 s and 20 s peaks as a function of SOC and temperature;

— discharge resistance inmQ for 0,1s,25s,5s,10s,18s,18,1s,205s,30s,60s,90 sand 120 s peaks as
well as the overall resistance as a function of SOC and temperature;

— charge resistance in mQ for 0,1 s, 2 s, 10 s and 20 s peaks as well as the overall resistance as a
function of SOC and temperature;

— open circuit voltage in V as a function of SOC and temperature;

— deviation from first and last test at RT, if any;
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— temperature versus time of the DUT at the specified tests; and

— if the charge or discharge current had to be reduced due to voltage limits, the calculated internal
resistance values shall be marked clearly in the protocol and in the result tables.

7.4

No load SOC loss

7.4.1 Purpose

The purpose of this test is to measure the SOC loss of a battery system if is not used for an extended

peri

d of time. This test refers to a scenario that a moped or motorcvcle is not driven for

longer time

perig
may
pern

This

7.4.2
The 1

The
be ak

The
thec

The
at tw
aSC

(e.g.
detel
The {

Befo
mini
4°C

Temperatures:

Stan

1

d and therefore the battery system could not be placed on charge. The no load SOC lds{
be due to self-discharge, which is normally temporary, or to other mechanisms that\cg
lanent or semi-permanent loss of SOC.

test applies to battery systems only.

Test procedure
no load SOC loss shall be measured with a complete and fully opérational battery syst¢

BCU shall be supplied with the necessary auxiliary power (eg. 12 V d.c. power supply]
le to control necessary battery system functions duringthe’rest period, e.g.

attery system cell balancing; and
eriodical BCU wake-up activities.

o load SOC loss rate shall include any possible parasitic or operational discharge cof
ell balancing circuitry itself beyond the inherent self-discharge rate of the battery cells

no load SOC loss rate of the battery system shall be measured for three different rest
o different temperatures. The battery system shall be conditioned to the fully charg
and then left at open circuit for a-certain time. The BCU shall be able to perform contj
cell balancing, regular waketup activities, etc.). After the rest period, the remaining

'mined by a C/3 dischargeat'RT.

ests shall be performed.in a temperature controlled test chamber at the given temper

e each test cycle.at™a given temperature, the battery shall be kept at the test tempg
mum of 12 h. Thisperiod can be reduced if thermal equilibration is reached, specified
thange amongindividual cell temperatures during an interval of 1 h.

RT and 40 °C.

,if it occurs,
uld produce

m.

in order to

itribution of
themselves.

periods and
ed states by
ol activities
50C shall be

htures.

rature for a
as less than

ldrd cycle: To ensure that each test is done with the battery system in the same in

itial

Discharge rate:

Rest

Aucxiliary energy:

NOTE

© ISO

comdition, a S€{see 6.2) shratt be performed priortoeacir test.

No discharge after the SC requested, the battery system shall be at the

fully

charged states. If supplier and customer agreed to a lower SOC, the battery
system shall be discharged after the SC at a C/3 rate to adjust the agreed SOC

prior to the rest period.
period: 168 h (7 d)and 720 h (30 d).

The auxiliary energy consumption (e.g. 12 V d.c. level) for the BCU and
required, for other battery system electronics shall be measured
continuously and expressed in W-h for each rest period.

2017 - All rights reserved
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The test can be performed in sequence with a single DUT or in parallel with multiple DUTs.

19


https://standardsiso.com/api/?name=8737e2eb4cc6f05fb3ee03c9ad9185e9

ISO 18243:2017(E)

7.4.3 Testsequence

First test sequence: Rest period at RT.

Table 8 — Test sequence no load SOC loss at RT

Step Procedure teﬁ;‘g:g:re
1.1 Thermal equilibration RT
1.2 SCH RT
13 SE RT
1.4 Rest period at open voltage class B circuit for 168 h RT
1.5 SC RT
1.6 Rest period at open voltage class B circuit for 720 h RT
1.7 SC RT

All discharg

The remain
the first par

Second test

e tests shall be terminated if the supplier’s requested discharge voltage limits are read

ng capacity will be measured within steps 1.3, 1.5 and 1.7 during the SDCH test, wh
t of the SC test.

sequence: Rest period at 40 °C (or higher according telagreement between supplie]

customer).
Table 9 — Test sequence no load SOC less-at 40 °C (or higher)
Step Procedure tel?ll];ll)li:?lfre
2.1 Thermal equilibfation RT
2.2 SCH RT
2.3 SC RT
2.4 Rest period at openwoltage class B circuit for 168 h 40 °C (or higher)
2.5 Thermal equilibration RT
2.6 SC RT
2.7 Rest perdod-at open voltage class B circuit for 720 h 40 °C (or higher)
2.8 Thermal equilibration RT
29 SC RT
All discharge tests shall be terminated if the supplier’s requested discharge voltage limits are reag

The remain

the first par

ng/capacity will be measured within steps 2.3, 2.6 and 2.9 during the SDCH test, wh
t'efthe SC test.

hed.

chis

and

hed.

chis

7.4.4 Requirement

The remaining C/3 energy and SOC from the initial the fully charged states shall be reported.

The loss of energy and SOC after each rest period shall be expressed as a percentage of the initial the
fully charged states.

The auxiliary energy consumption (12 V d.c. level) for the BCU and, if required, for other battery system
electronics shall be expressed in W-h for each rest period.

A graph, including data for the three rest periods and the two test temperatures, showing residual
capacity versus rest period shall be presented.

20
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7.5 SOCloss at storage

7.5.1 Purpose

ISO 18243:2017(E)

The purpose of this test is to measure the SOC loss at storage of a battery system if it is stored for an
extended period of time. This test refers to a scenario when the battery system is shipped from a supplier
to a customer. This SOC loss at storage, if it occurs, may be due to self-discharge, which is normally
temporary, or to other mechanisms that could produce permanent or semi-permanent loss of SOC.

7.5.2 Test procedure

The

systg

Serv

The §
ambi
The 1

The

Temperature:

Stan

Hard cycle:

Disclharge rate:

Rest
Auxi

Serv

7.5.3

period:
iary energy:

ce disconnect:

45 °C.

50C loss at storage behaviour shall be measured with a complete and fully operdti
m. During the storage period, all battery system terminals shall be disconnected as
ce disconnect device, if any.

bOC loss at storage of the battery system shall be measured after a 720 h (30'd) rest pe
ent temperature with an initial SOC of 50 % or higher, if agreed between supplier ar
emaining SOC after the storage period shall be determined by a C/3/discharge.

$0C loss at storage test shall be performed in a temperature controlled test chamber.

To ensure that each test is done withthe battery system in the same
condition, an SC (see 6.2) shall be performed prior to the SOC loss at

test.

Discharge the battery systemrto 50 % SOC at C/3 rate. A higher SOC {

agreed between supplierand customer.

720 h (30 d).

During the storage period, all connections at the battery system are dj

The serviee disconnect device, if any, shall be disconnected.

Test sequence

Table 10 — Test sequence capacity loss at storage

bnal battery
well as the

riod at 45 °C
d customer.

initial
storage

yalue can be

sconnected.

Stép Procedure tel‘l::;)l:s::llfre
1 Thermal equilibration RT
2 SCH RT
3 N RT
4 Discharge at C/3 to 50 % SOC RT
5 Rest period for 720 h, all voltage class B and voltage class A 45°C
terminals are disconnected, service disconnect is disconnected
6 Thermal equilibration RT
7 SC for two times RT

All discharge tests shall be terminated if the supplier’s requested discharge voltage limits are reached.

The remaining SOC will be measured within step 7 during the SDCH test, which is the first part of the

SCte

st.

© IS0 2017 - All rights reserved
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7.5.4 Requirement

The remaining C/3 energy and SOC from the initial SOC shall be reported. The loss of energy and SOC
after the rest period shall be expressed as a percentage of the initial SOC.

7.6 Cycle

life

7.6.1 Purpose

Additionally to other ageing factors (i.e. time, temperature), the energy throughput has a significant

influence fo

- the life-time of a hattery

For choosin
driving shal
important t

On the othg
the battery
balancing.

This test ap

7.6.2 Tes

See Table 11

blies to battery systems only.

L procedure

Table 11 — Test sequence cycle life

r hand, the battery system shall not be stressed too much. Therefore ‘thé monitori
system is mandatory, as well as certain rest phases are needed for. equilibrium and cell

Step Procedure terﬁ?::::ﬁre
1 Thermal equilibration RT
2 SCH RT
3 SC RT
4 Discharge at 1C ratetill battery voltage reaches discharge RT

voltagelimit defined by the supplier
5 charge at 1C rate to fully charged state RT
6 Repeat steps 4 to 5 until the discharge capacity is 80 % RT
7 Thermal equilibration RT
8 SCH RT
9 SC RT

7.6.3 Re(1uirements

b a relevant ageing profile concerning the energy throughput, the real conditions d\llring
| be considered. In order to get reliable and significant data for life-time prediction
hat the supplier and customer agree on the basic data of the test profiles.

it is

hg of

The following data shall be reported:

— initial C/3 capacity at RT; and

— 1C capacity versus cycle time.
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8 Safety and reliability test

8.1

Vibration

8.1.1 Purpose

Simulates a mechanical load on vibration derived from moped or motorcycle operation which a battery
system will likely experience during its life.

8.1.2 Test procedure

The
or
mou

The
and
thre

perp

The
7 Hz
at 0,
occu
incre

The
7 Hz
at 0,
occu
incrg

After

8.1.3

Duri
of le
isola

8.2

8.2.1

iven test parameters are valid for DUT designed for mounting on sprung masses
torcycle. The DUT shall be mounted on a shaker test bench according to the\desig
ting position and according to the requirements given in IEC 60068-2-47.

ibration test shall be a sinusoidal waveform with a logarithmic sweep between 7 Hz
ack to 7 Hz traversed in 15 min. This cycle shall be repeated 12 times for a total of 3
mutually perpendicular mounting positions of the DUT. One of the divections of vibra
ndicular to the terminal face.

ogarithmic frequency sweep for DUT, with a gross mass of not more than 12 kg, is as f
a peak acceleration of 1 gn is maintained until 18 Hz is redched. The amplitude is then

's (approximately 50 Hz). A peak acceleration of 8, gn\is then maintained until the {
ased to 200 Hz.

a peak acceleration of 1 gn is maintained until 18 Hz is reached. The amplitude is then

's (approximately 25 Hz). A peak acceleration of 2 gn is then maintained until the {
ased to 200 Hz.

Requirements

hg the test and for a T 'h post-test observation period, the battery system shall exhibit
hkage or battery enclosure rupture, fire or explosion and voltage class B DUT shall
Fion resistance.ofat least 100 Q/V.

Mechaniecal shock

Purpose

of a moped
rmed vehicle

and 200 Hz
h for each of
kion shall be

bllows: from
maintained

B mm (1,6 mm total excursion) and the frequency is inereased until a peak accelerdtion of 8 gn

requency is

ogarithmic frequency sweep for DUT, with a_gross mass of more than 12 kg, is as follows: from

maintained

B mm (1,6 mm total excursion) and the frequency is increased until a peak acceleration of 2 gn

requency is

vibration testing, the DUT capacity shall be evaluated by performing two SC accordinig to 6.2.

no evidence
maintain an

Sim
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IATTS " a TIICUIITAIIIC AT TUAU UIT STTOURUTT TVEU TT UTIT TTTO PTUUT  TTOTUT LU yUICT O pPTT ATTUTIT WITT

system will likely experience during its life.

8.2.2 Test procedure

ch a battery

Adjust the SOC to the fully charged states before starting the mechanical shock test.

DUT with a gross mass of not more than 12 kg shall be secured to the testing machine by means of a
rigid mount which will support all mounting surfaces of each test battery. DUT shall be subjected to
a half-sine shock of peak acceleration of 150 gn and pulse duration of 6 ms. DUT shall be subjected
to three shocks in the positive direction followed by three shocks in the negative direction of three
mutually perpendicular mounting positions of the battery for a total of 18 shocks.
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DUT with a gross mass of more than 12 kg shall be subjected to a half-sine shock of peak acceleration
of 50 gn and pulse duration of 11 ms. Each cell or battery is subjected to three shocks in the positive
direction followed by three shocks in the negative direction of each of three mutually perpendicular
mounting positions of the cell for a total of 18 shocks.

8.2.3 Requirements

During the test and for a 1 h post-test observation period, the battery system shall exhibit no evidence
of leakage or battery enclosure rupture, fire or explosion and voltage class B DUT shall maintain an
isolation resistance of at least 100 Q/V.

8.3 Drop

8.3.1 Purpose

Simulates a
reparation.

mechanical impact load which may occur at an unintended drop during battery exchanjge or

8.3.2 Test procedure

Adjust the SPC to the fully charged states before starting the drop test.

Drop DUT fijeely from height 1 m to the concrete floor, one time for.edch side.

Or, each san
position tha

ple is to be freely dropped from a height of 1 m on“a’flat surface made of concrete i
F is most likely to produce the most adverse resultcEach sample is to be dropped three t

8.3.3 Requirements

During the ]
leakage, firg

8.4 Ther

8.4.1 Pur

Simulates a
likely exper

8.4.2 Tesf

Adjust the §
the DUT at

est and the 6 h post-test observation period, the battery system shall exhibit no evider
or explosion.

mal shock

pose

thermal load deriged from moped or motorcycle operation which a battery system
ence during its life:

[ procedure

n the
mes.

ce of

will

With

OC with*a 1C discharge to 80 % before starting the thermal shock cycling profile.
B0 % SOC and at RT, contained in a closed volume and with all thermal controls dis

led,

b
thermally cycl®the DUT with ambient temperature between 85 °C or Tyax (Tmax = 60 °C) as spejified
between supplier and customer to —40 °C (the ambient temperature should be measured in close
proximity to the DUT). The time to reach each temperature extreme shall be 30 min or less. If it is
logistically possible, given equipment limitations and safety considerations, the DUT can be moved
between two test chambers each set at the opposite end of the temperature range. The DUT shall
remain at each extreme for a minimum of 1 h. A total of five thermal cycles shall be performed. After
thermal cycling, inspect the DUT for any damage, paying special attention to any seals that may exist.
Verify that control circuitry is operational.

8.4.3 Requirements

During the test and the 1 h post-test observation period, the battery system shall exhibit no evidence
of leakage or battery enclosure rupture, fire or explosion and voltage class B DUT shall maintain an
isolation resistance of at least 100 Q/V.
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8.5 Water immersion

8.5.1 Purpose

Simulates a water immersion which may occur when a moped or motorcycle is flooded.

8.5.2 Test procedure

With the DUT in its normal operating orientation and at full state of charge, immerse the DUT in
amblent temperature salt water (5 % by welght NaCl in H20) for a minimum of 2 h or until any visible

. : . . e DUT. The DUT
be placed into a tank fllled with water or may be placed in an empty tank and watet pumped into
the thnk to fully submerge the DUT.

DUT|can be tested by vehicle emulated condition (e.g. battery pack with actual paftpof vehigle).

8.5.3 Requirements

Duripg the test and the 1 h post-test observation period, the battery system shall exhibit nq evidence of
fire qr explosion.

NOTH If a battery is immersed in conductive water, flammable ortéxic gases can be produced.|This effect is
not upique to lithium-ion battery technology.

8.6 | Fire

8.6.1 Purpose
Simullates a thermal load which may occur at amoped or motorcycle fire.

NOTH This test applies to battery packs-and systems used on electric mopeds or motordycles with a
passgnger compartment.

8.6.2 Testprocedure

The flame to which the DUT jis exposed shall be obtained by burning commercial fuel for positive-
ignitjon engines (hereafter)called “fuel”) in a pan. The quantity of fuel poured into the pan shall be
suffigient to permit the'flame, under free-burning conditions, to burn for the whole test prjocedure, i.e.
atlegst 25 1/m?

Watgr should be-poured at the bottom of the pan to ensure a flat bottom of the pan. The pan dimensions
shall| be chosen'so as to ensure that the sides of the DUT are exposed to the flame. The pan shall
ther¢fore eXceed the horizontal projection of the DUT by at least 20 cm, but not more than 50 cm. The
sidewall‘ofithe pan shall not project more than 8 cm above the level of the fuel at the start df the test.

The pam fitted withrfuet shatt be ptaced under the DU T imsucira way that the distance between the level
of the fuel in the pan and the bottom of the DUT corresponds to the design height of the DUT above
the road surface at the unloaded state of the electric mopeds and motorcycles or if the height is not
specified approximately 50 cm or according to the agreement between the customer and the supplier.

During phase C of the test, the pan shall be covered by a screen. The screen shall be placed (30 £ 10) mm
above the fuel level measured prior to the ignition of the fuel. The screen shall be made of a refractory
material, as prescribed in Annex B. There shall be no gap between the bricks and they shall be supported
over the fuel pan in such a manner that the holes in the bricks are not obstructed. The length and width
of the frame shall be 20 mm to 40 mm smaller than the interior dimensions of the pan so that a gap
of 10 mm to 20 mm exists between the frame and the wall of the pan to allow ventilation. Before the
test, the screen shall be at least at the ambient temperature. The firebricks can be wetted in order to
guarantee repeatable test conditions.
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Phase A: Pre-heating

The fuel in the pan shall be ignited at a distance of at least 3 m from the DUT being tested. After 60 s
pre-heating, the pan shall be placed under the DUT by moving either the DUT fixture or the pan.

Phase B: Dir
For 70 s, the
Phase C: Ind

ect exposure to flame
DUT shall be exposed to the flame from the freely burning fuel.

irect exposure to flame

As soon as phase B has been completed, the screen shall be placed between the burning pan and the DUT.

The DUT sh

1l be exposed to this reduced flame for a further 60 s.

Instead of cpnducting Phase C of the test, Phase B may be continued for additional 60 s.

Phase D: En

1 of test

pan covered with the screen shall be moved back to its original position (p

The burni
A). No extriEFguishing of the DUT shall be done. The DUT shall be observed until such time a

surface te
minimum o

perature of the DUT has decreased to ambient temperature ox.has been decreasing
F 3 h.

8.6.3 Requirements

During the f
8.7 Overt

8.7.1 Pur

Tests the sa
the protecti

8.7.2 Tesf

The DUT sh
set to 50 °C,
of 2 h or unf
any, shall be

Performad
the manufag

Repeat the

est and the post-test observation period, the DUT shalf’exhibit no evidence of explosio
emperature condition

pose

fe behaviour of the battery system in'a condition of overtemperature. Validates functi
bn measures against internal ovérheating, if applicable.

L procedure

11l be placed in a conyective oven or climatic chamber. The temperature of the DUT shj
thatis 10 K above the-maximum temperature for performance testing (40 °C). Arestp
il thermal equilibration has been reached shall be performed. The active cooling dev
disabled, if possible.

turer.

hase
5 the
for a

I

on of

1l be
briod
ce, if

ischarge and then a charge at the maximum current rate according to the specificatigns of

ction

measure or

diScharge and charge cycle until the intervention of the overtemperature prote

)

measurement devices which are integrated in the DUT by the manufacturer.

NOTE

Disconnection of the electrical load is considered an effective protection measure.

8.7.3 Requirements

The DUT shall not exhibit any evidence of leakage, rupture, fire or explosion.
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8.8 Short circuit protection

8.8.1 Purpose

The purpose of the short circuit protection test is to check the functionality of the overcurrent
protection device.

This device shall interrupt the short circuit current in order to prevent the DUT from further related
severe events caused by a short circuit current.

8.8. Test procedure

The PUT shall be at RT, fully charged and under normal operating conditions (main“contactors are
closgd, battery systems are controlled by the BCU). An appropriately sized conductor of ZOf(l’0 mQ

shall|be used to apply a “hard short” in less than 1 s for 10 min or until another)condition occurs that
prevents completion of the test (e.g. component melting). The test shall be pérfermed with integrated,
passive and non-passive short circuit protection devices operational.

Afterf the DUT has been shorted as described above, the observation of the.DUT shall be continued for 2 h.

All functions of the DUT shall be fully operational as designed during the test. At pag¢k level, the
overg¢urrent protecting device (e.g. fuse) shall interrupt the shoyt circuit current. At system level, the
short circuit current shall be interrupted by the overcurrent'protecting device (e.g. fuse) gnd/or by an
automatic disconnect by the main contactors.

Data|sampling, especially for DUT voltage and current,hall be performed with an adequdte sampling
rate,le.g. 0,1 ms for evaluation of the current shut-off function and the real short circuit curfent peak.

8.8.3 Requirements

Duripg the test, the battery system shall'exhibit no evidence of leakage, rupture, fire or explosion. The
voltage class B DUT shall maintain an-spelation resistance of at least 100 Q/V.

8.9 | Overcharge protection

8.9.1 Purpose

The purpose of the overcharge protection test is to check the functionality of the overcharge protection
function. This function shall interrupt the overcharge current in order to prevent the DYT from any
further related severe events caused by an overcharge current.

8.9.2 Testprocedure

The DUT shall be at RT, fully charged and under normal operating conditions with the cogling system
operating (main contactors are closed, battery system shall be controlled by the BCU]J. The test shall be
performed with integrated, passive circuit protection devices operational. Active charge control shall
be disconnected or disabled.

— The DUT shall be charged at a constant current rate which shall be agreed upon by supplier and
customer. The recommended constant charge current should be 2C.

— The upper limit for the power-supply voltage should be set not to exceed 20 % of the maximum
battery system voltage.

— Charging shall be continued until the DUT interrupt the charging by an automatic disconnect of the
main contactors or electronic switches (e.g. transistors in power electronics).

© IS0 2017 - All rights reserved 27


https://standardsiso.com/api/?name=8737e2eb4cc6f05fb3ee03c9ad9185e9

ISO 18243

:2017(E)

— The overcharge test shall be terminated if the SOC level is above 130 % or cell temperature levels
are above 55 °C. Limits for SOC and DUT cell temperature levels for terminating the overcharge
protection test may be agreed between supplier and customer.

Data acquisition/monitoring shall be continued for 1 h after charging is stopped.

All functions of the DUT shall be fully operational as designed during the test.

Data sampling, especially for DUT voltage and current, shall be performed with an adequate sampling
rate, e.g. 100 ms for evaluation of the current shut-off function.

Directly after the termination of charging, a SC shall be conducted, if not inhibited by the DUT.

8.9.3 Requirements

The BCU sh
electronic sy

During the {
fire or expld

8.10 Over

8.10.1 Pur

The purpos
protection f]
from any fu

8.10.2 Tes{

The DUT sh
closed, batt{
circuit prote

Perforn
continu

Dischar]
of the

The disq
30 min

voltage
and cus

vitches in order to prevent the DUT against further related severe effects:

est, the battery system shall exhibit no evidence of leakage or battery énclosure rup

discharge protection

pose

e of the over discharge protection test it is to check the functionality of the over discH
unction. This device shall interrupt the over dis¢harge current in order to prevent the
'ther related severe events caused by an over discharge current.

[ procedure

all be at RT, fully charged and under normal operating conditions (main contactor
ry system are controlled by the(BCU). The test shall be performed with integrated, pa
ction devices operational. Active discharge control shall be disconnected or disabled.

1 a SDCH. If the normal discharge limits are reached, discharging with C/3 rate shg
pd.

ain contactors-ar_electronic switches (e.g. transistors in power electronics).

harge testshall be terminated manually if 25 % of the nominal voltage level or a time liy
fter pasSing the normal discharge limits of the DUT have been achieved. Values for tim
limits for terminating the over discharge protection test may be agreed between sup
tonters

sion. The voltage class B DUT shall maintain an isolation resistance.of’at least 100 Q/V.

111 interrupt the overcharge current by an automatic disconnect of the maig contactdrs or

ture,

arge
DUT

5 are
ssive

1l be

cing shall be continnaed until the DUT interrupt the discharging by an automatic discornect

nit of
b and
plier

NOTE
battery syste

Nominal voltage 1s the voltage given by the supplier as the recommended operating voltage ot

m. Voltage depends on chemistry, cell numbers and arrangement of cells.

Data acquisition/monitoring shall be continued for 1 h after discharging is stopped.

All functions of the DUT shall be fully operational as designed during the test.

their

Data sampling, especially at normal discharge limits and beyond for DUT voltage and current, shall be
performed with an adequate sampling rate, e.g. 100 ms for evaluation of the current shut-off function.

Directly after the termination of charging, a SC shall be conducted, if not inhibited by the DUT.

8.10.3 Requirements

This test simulates the use of the system/component under high ambient humidity.
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The failure modes addressed are electrical malfunction(s) caused by moisture (e.g. leakage current
caused by a printed circuit board which is soaked with moisture).

An additional failure mode can be a breathing effect which transports moisture inside the housing
when the air inside the system/components cools down and ambient air with high humidity is drawn

into

the system/components.

This test applies to battery packs and systems.

8.11 Dewing

8.11{1 Purpose

Thistest simulates the use of the system/component under high ambient humidity.

The

causgd by a printed circuit board which is soaked with moisture).

An additional failure mode can be a breathing effect which transports moisture inside
when the air inside the system/components cools down and ambient'air with high humid

into

This|test applies to battery packs and systems.

8.11j2 Test procedure
Perfgrm the test in reference to IEC 60068-2-30, Db, but

Use

If thg temperature of the DUT exceeds the limits given by the supplier, the DUT should be op
operpting mode as agreed betwéen customer and supplier.

failure modes addressed are electrical malfunction(s) caused by moistuxex(e.g. leak
'he system/components.
Iumidity and temperature profiles according’to Figure 4; and

umber of cycles: 5.

operating mode 2.1 according to ISO'16750-1 during the complete test sequence.

age current

the housing
ty is drawn

erated in an

NOTE1 The temperature ahd’ humidity profile is specified to generate dewing affected like in the vehicle

environment.

NOTHE 2  For detailedtest description, see ISO 16750-4.

8.11|3 Requirements
All fynctiens of the device/system perform as designed during and after the test.

Meagured data shall include

— isolation resistance between the DUT case and the positive and negative terminals before and after

the test.
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