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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
electrotechnical standardization.
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Introduction

Lithium-ion-based battery systems are an efficient alternative energy storage system for electrically
propelled vehicles. The requirements for lithium-ion based battery systems for use as a power source
for the propulsion of electric road vehicles are significantly different from those batteries used for
consumer electronics or stationary usage.

This document provides specific test procedures for lithium-ion battery packs and systems specially
developed for propulsion of road vehicles. 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 automobile industry.

It enables
pack or sys

ISO 12405
the electriq

ehicle manufactures to choose test procedures to evaluate the characteristics of a bat
tem for their specific requirements.

specifies test procedures for lithium-ion battery packs and systems which are ¢onhecte
propulsion system of electrically propelled vehicles.

The objective of ISO 12405 is to specify standard test procedures for the basic) characteristic

performan
assist the u

NOTE1 1
NOTE2 1|

For specifi

ce, reliability and electrical functionality of lithium-ion battery packsand systems an
ser in comparing the test results achieved for different battery packs or systems.

'he general safety relevant tests and requirements are given in ISO 6469-11),
nvironmental conditions and testing will be given in the future1S® 19453-62),

Cations for battery cells, see IEC 62660-1 to 3.

ery

d to

ju—ppe,)
—t
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1) Underp

reparation. Stage at the time of publication: ISO/DIS 6469-1.

2) Under preparation. Stage at the time of publication: ISO/CD 19453-6.

Vi
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Electrically propelled road vehicles — Test specification
for lithium-ion traction battery packs and systems —

Part 4:
Performance testing

1 (Scope

This document specifies test procedures for the basic characteristics of performance| reliability
and| electrical functionality for the battery packs and systems for either high*power or hligh-energy
appllication. Unless otherwise stated, the test applies to both applications.

NOTE1 Typical applications for high-power battery packs and systems are lybrid electric vehicle§ (HEVs) and
somfe type of fuel cell vehicles (FCVs).

NOTE 2  Typical applications for high-energy battery packs and systems are battery electric vehjcles (BEVs),
plug-in hybrid electric vehicles (PHEVs) and some type of fuel cell vehicles (FCVs).

NOTE 3  Testing on cell level is specified in IEC 62660 series.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of thereferenced document (including any amendments) applies.

1S0{6469-13), Electrically propelled roag:-vehicles — Safety specifications — Part 1: On-board rdchargeable
energy storage system (RESS)

1S0[6469-3%), Electrically propelied road vehicles — Safety specifications — Part 3: Protection of persons
agdinst electric shock

3 |Terms and definitions
For|the purposes/of this document, the following terms and definitions apply.

[SOJand IEC\maintain terminological databases for use in standardization at the following addresses:

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

— 150 Online browsing plattorm: available at https://www.1so.org/obp

3.1

battery control unit

BCU

electronic device that controls, manages, detects or calculates electric and thermal functions of the
battery system (3.3) and that provides communication between the battery system and other vehicle
controllers

Note 1 to entry: See A.3.1 for further explanations.

3) Under preparation. Stage at the time of publication: ISO/DIS 6469-1.
4) Under preparation. Stage at the time of publication: ISO/DIS 6469-3.
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3.2

battery pack
energy storage device that includes cells or cell assemblies normally connected with cell electronics
(3.5), power supply circuits and overcurrent shut-off device, including electrical interconnections,
interfaces for external systems

Note 1 to entry: See A.2 for further explanations.

Note 2 to entry: Examples of external systems are cooling, voltage class B, auxiliary voltage class A and
communication.

3.3

battery sy
energy sto
circuits an

Note 1 to en
in different

stem
Fage device that includes cells or cell assemblies or battery pack(s) (3.2) as well ags.electr
1 electronics

try: See A.3.2 and A.3.3 for further explanations. Battery system components can alse’be distrib
devices within the vehicle.

Note 2 to enftry: Examples of electronics are the BCU and contactors.

3.4
capacity
total numbk
specified c

3.5

cell electr
electronic
and contai

Note 1 to
controlled 4

3.6
customer
party that

EXAMPLE

3.7

er of ampere hours that can be withdrawn from a fully eharged battery pack (3.2) uy
pnditions

pnics
Hevice that collects and possibly monitors thermal or electric data of cells or cell assemk
ns electronics for cell balancing, if necessary

y the cell electronics or by the BCU.

s interested in using the battery pack or system and therefore orders or performs the te

A vehicle manufacturer.

device under test

DUT
battery pa

3.8
electric dr
combinatig

'k or battery'System

ive

ical

ted

der

lies

ntry: The cell electronics can include a cell controller. The functionality of cell balancing can be

ncof a traction motor, power electronics and their associated controls for the conversio

Pof

electric to

39

1 M 1 1 M
HTLIIAIIILAT pUWTCT dIIU VILT VET Sd

electrically propelled vehicle

vehicle wit

3.10

h one or more electric drive(s) (3.8) for vehicle propulsion

energy density
amount of stored energy related to the battery pack (3.2) or system (3.3) volume

Note 1 to entry: The battery pack or system includes the cooling system, if any, to the point of a reversible

attachment

of the coolant lines or air ducts, respectively.

Note 2 to entry: Energy density is expressed in watt hours per litre (Wh/1).

© ISO 2018 - All rights reserved
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3.11

energy round trip efficiency

ratio of the net d.c. energy delivered by a DUT during a discharge test to the total d.c. energy required to
restore the initial SOC by a standard charge

Note 1 to entry: The net d.c. energy is expressed as watt hours (Wh) discharge and the total d.c. energy is
expressed as watt hours (Wh) charge.

3.12

high-energy battery pack and system

battery pack (3.2) and system (3.3) using cells, which have the numerical ratio between maximum
allojwed electric power output and electric energy output at a IC discharge rate at RT lower fhan 10

Note¢ 1 to entry: Typically high-energy battery packs and systems are designed for applications.in BEV4 and PHEVs.

Not¢ 2 to entry: The allowed electric power output is expressed as power in watts (W) and the eleftric energy
outpput is expressed as energy in watt hours (Wh).

3.18
high-power battery pack and system
battery pack (3.2) and system (3.3) using cells, for which the numericalatio between maximym allowed
eledtric power output and electric energy output at a 1C discharge rate at RT equal to or higher than 10

Note 1 to entry: Typically high-power battery packs and systems are-designed for applications in HEYs and FCVs.

Note 2 to entry: The allowed electric power output is expressed as power in watts (W) and the eleftric energy
output is expressed as energy in watt hours (Wh).

3.1

makximum working voltage
highest value of a.c. voltage (rms) or of d.c. voltage which may occur in an electric system|under any
normal operating conditions according to the supplier's specifications, disregarding transiepts

31
overcurrent protection
profection intended to operate whenthe current is in excess of a predetermined value

3.1

rated capacity
supplier's specification af the total number of ampere hours that can be withdrawn from a fully charged
battery pack or systemfor a specified set of test conditions such as discharge rate, temperature and
dis¢harge cut-off voltage

3.17Y
room tempeérature
RT
temperature of (25 = 2) °C

3.18
sign of battery current
discharge current is specified as positive and the charge current as negative

3.19
specific energy
amount of stored energy related to the battery pack (3.2) or system (3.3) mass

Note 1 to entry: The mass of battery pack or system includes the mass of the temperature conditioning system if
any up to the point of a reversible attachment of the coolant lines or air ducts and the coolant mass.

Note 2 to entry: Specific energy is expressed in watt hours per kilogram (Wh/kg).

© ISO 2018 - All rights reserved 3
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3.20

state of charge

SoC

available capacity in a battery pack or system expressed as a percentage of rated capacity (3.15)

3.21

top off charge

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

3.22
supplier
party that provides battery systems and packs

EXAMPLE A battery manufacturer.

3.23
voltage cljss A
classificatipn of an electric component or circuit with a maximum working voltage.(3.14) of <30 V|a.c.
(rms) or <40 V d.c., respectively

Note 1 to entry: See ISO 6469-3.

3.24
voltage clgss B
classificatipn of an electric component or circuit with a maximum working voltage (3.14) of (>30 jand
<1 000) V 3.c. (rms) or (>60 and <1 500) V d.c., respectively

Note 1 to entry: See ISO 6469-3.

4 Symbols and abbreviated terms

4.1 Symbols

Cfade Capacity fade

Crt0 Rated 1 C capacity at BOL

Ie,max maximum contihuous charge current specified by the supplier for energy efficiencly at
fast chargingtesting

Id, max maximu continuous discharge current specified by the supplier for energy and| ca-
pacity)testing

Idp,max maximum discharge pulse current specified by the supplier for power, internal resistgnce

and energy efficiency testing

Tmax maximum temperature
Tmin minimum temperature
T Time

4 © ISO 2018 - All rights reserved
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4.2 Abbreviated terms

a.c. alternating current

BCU battery control unit

BEV battery electric vehicle

BOL beginning of life

C capacity, expressed in ampere hours (Ah)

nC current rate equal to n times the one hour discharge capacity expressed in‘ampere (e.g.
3Cis equal to three times the 1 h current discharge rate, expressed in@mper¢)

d.c. direct current

DUT device under test

EOIV End-of-discharge-voltage

EUCAR European Council for Automotive Research

FCV fuel cell vehicle

HEY hybrid electric vehicle

IEC International Electrotechnical Commijssion

ISO International Organization for Standardization

Li lithium

Li-ipn lithium-ion

ocy Open Circuit Voltage

PHEV plug-in hybrid.electric vehicle

PSO power spectral density

RESS rechargeable energy storage system

rms 500t mean square

RT room temperature (25 * 2) °C

SC standard cycle

SCH standard charge

SDCH standard discharge

SoC state of charge

USABC United States Advanced Battery Consortium

© ISO 2018 - All rights reserved 5


https://standardsiso.com/api/?name=80b068ae85fdd6115627bce7aa4f63ef

ISO 12405-4:2018(E)

5 General requirements

5.1 General conditions

5.1.1 Prerequisites

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

— The electrical safety design and safety requirements shall comply with the requirements given in

ISO 64

69-1°) and ISO 6469-36).

— The ndcessary documentation for operation and needed interface parts for connection to the

equipment (i.e. connectors, plugs including cooling, communication) shall be delivered toge!

with the DUT.

A battery dystem shall enable the specified tests, i.e. via specified test modes implemented in the H

and shall b able to communicate with the test bench via common communication buses.

The batterfy pack subsystem as a DUT shall comprise all parts specified by the Customer (e.g. inclug

mechanical and electrical connecting points for mechanical test).

If not othe

thermal equilibration is reached if during a period of 1 h without active‘cooling the deviations betw

test tempe

If not other

5.1.2 Ac

rwise specified, before each test the DUT shall be equilibrated-at the test temperature.

Fature and temperature of all cell temperature measuring points are lower than +2 K.

ruracy of measurement equipment and measured values

The accurdcy of external measurement equipment shall'be at least within the following tolerances:

test
her

CU,

ling

The
een

wise specified, each charge and each SOC change shall-be followed by a rest period of 30 in.

fual

— voltags 0,5 %

— currenf +0,5 %

— tempeyature 1K

The overalll accuracy of externally-Controlled or measured values, relative to the specified or ac
values, shafll be at least within‘the following tolerances:
— voltags *1.%

— currenf 1 %

— tempeyature 2K

— time L0104

— mass +0,1 %

— dimensions +0,1 %

All values (time, temperature, current and voltage) shall be noted at least every 5 % of the estimated
discharge and charge time, except if it is noted otherwise in the individual test procedure.

5) Under preparation. Stage at the time of publication: ISO/DIS 6469-1.

6) Under preparation. Stage at the time of publication: ISO/DIS 6469-3.

6
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5.2 Testsequence plan

The test sequence for an individual battery pack or system, or a battery pack subsystem shall be based
on agreement between the customer and supplier with consideration of tests in 5.3.

An example for a list of test conditions to be agreed between customer and supplier is provided in
Table C.1 for high-power battery packs and systems or in Table C.2 for high-energy battery packs and
systems.

5.3 Tests

An pverview of the tests is given in Figure 1 where the references to the specific subclaises are also
givén. Annex B provides examples for collection of test data.

Overview of tests

General tests Performance tests
(Clause 6) (Clause 7)

Pre-conditioning cyles (Clause 6.1) Energy and capacity at'RT.
(Clause 7.1)

Standard cycle Energy and capdcityat different temperature
(Clause 6.2) and dischargerates

Standard Discharge (Clause 6.2.2.2) (Clause 7.2)
Powerand internal resistance

Standard Charge (Clausg)7.3)
(Clause 6.2.2.3) Noload SOC loss
(€lause 7.4)

SOC loss at storage
(Clause 7.5)

Cranking power at low temperature
(Clause 7.6)

Cranking power at high temperature ()
(Clause 7.7)

Energy efficiency (@)
(Clause 7.8)

Energy efficiency at fast charging ()
(Clause 7.9)

Cycle life
(Clause 7.10)

Key
a  |The test appli€sonly to high-power battery packs and systems.
b IThe testapplies only to high-energy battery packs and systems.

Figure 1 — Test sequence

5.4 Preparation of battery pack and system for bench testing

5.4.1 Preparation of battery pack

If not otherwise specified, the battery pack shall be connected with voltage class B if any, and voltage
class A connections to the test bench equipment. Contactors, available voltage, current and temperature
data shall be controlled according to the supplier’s requirements and according to the given test
specification by the test bench equipment. The passive overcurrent protection shall be operational in
the battery pack. Active overcurrent protection shall be maintained by the test bench equipment, if
necessary, via disconnection of the battery pack main contactors. The cooling device may be connected
to the test bench equipment and operated according to the supplier's requirements.

© ISO 2018 - All rights reserved 7
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5.4.2 Preparation of battery system

If not otherwise specified, the battery system shall be connected with voltage class B, if any, and
voltage class A and cooling connections 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 controls by the BCU,
unless otherwise specified in the given test procedure. The BCU shall enable the test bench equipment

the

to perfor
BCU progr
overcurrer|
be maintai
system ma

6 Gene
6.1 Prec

6.1.1 P

The DUT
sequence, i

This test a]
6.1.2 Te

6.1.2.1 K

the requested test procedure within the hattery system operational limits [f necessary
hm shall be adapted by the supplier for the requested test procedure. The active and pas
t protection shall be operational by the battery system. Active overcurrent protection s
hed by the test bench equipment, too, if necessary via request of disconnection of the bat
n contactors.

ral tests

onditioning cycles

pose

all be conditioned by performing some electrical cycles, before starting the real test

order to ensure an adequate stabilization of the bdttery pack or system performance.

bplies to battery packs and systems.
5t procedures

fligh-power battery pack and system

For high-ppwer battery packs and systems'the procedure shall be the following:

The te

The d
by thg
recom

Five cq
the cu

At the
recom

5t shall be performed at RT

scharges shall be performed at 2 C or at a different current if suggested and/or y
supplier in testing\before delivery. The charging shall be performed according to
mendations of the supplier.

nsecutive preconditioning cycles shall be performed. Fewer cycles may be agreed betw
tomer and\supplier.

end of discharge, the battery pack or system voltage shall not go below the minimum volt
menided by the supplier.

Bive
hall
ery

—

ng

sed
the

een

age

The battery pack or system shall be considered "preconditioned” if the discharged capacity during

two consecutive discharges does not change by a value greater than 3 % of the rated capacity (30 min
discharge or other discharge process adopted during test according to supplier indications). If the
discharge process is equal to that used by the supplier on the same battery pack or system during
factory tests, the data from the second cycle may be compared directly with the data from the
supplier.

NOTE

procedure.

The discharge rate of 2 C is used in order to shorten the preconditioning.

If the precondition requirements cannot be fulfilled, the customer and supplier shall agree on
further

© ISO 2018 - All rights reserved
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6.1.2.2 High-energy battery pack and system

For high-energy battery packs and systems the procedure shall be the following:

The test shall be performed at RT.

The discharges shall be performed at C/3 or at a different current if suggested and/or used
by the supplier in testing before delivery. The charging shall be performed according to the

recommendations of the supplier.

Three consecutive preconditioning cycles shall be performed. If agreed between cus

6.2

6.2

Thd
pac

Thi
6.2

6.2

Thd
see

If, f
3h,

6.2

1. 1 4= 1 1 111 £ |
SUPPIICT, Ullly tVWU L yLITS SlidIl UT PTITUTIIICU.

At end of discharge, the battery pack or system voltage shall not go below the miinim
recommended by the supplier (the minimum voltage is the lowest voltage under.dischar
irreversible damage).

The battery pack or system shall be considered as “preconditioned” if the discharged capa
two consecutive discharges does not change by a value greater than 8 % of the rated
the discharge process is equal to that used by the supplier on the"same battery pack
during factory tests, the data from the second cycle can be companed directly with the
the supplier.

[fthe preconditioning requirements cannot be fulfilled, customer and supplier shall agresg
procedure.

Standard Cycle (SC)

1 Purpose

purpose of the standard cycle (SC) is to-enisure the same initial condition for each test ¢
k or system. A standard cycle (SC), as described below, shall be performed prior to each

5 test applies to battery packs and systems.
2 Test procedures

2.1 General

standard cycle (SC) shall be performed at RT. The SC shall comprise a standard dischary
6.2.2.2, followed by a standard charge (SCH), see 6.2.2.3.

the SGshall be repeated.

tomer and

im voltage
ge without

city during
capacity. If
or system
data from

on further

f a battery
est.

ge (SDCH),

br any reasan, the time interval between the end of the SC and the start of a new test is longer than

2.2) Standard discharge (SDCH)

6.2.2.2.1 High-power battery pack and system

Discharge rate:

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

Discharge limit:

Res

According to the specifications given by the supplier.
t period after discharge to reach a stable condition:

30 min or a thermal equilibration at RT of the DUT is reached.
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6.2.2.2.2 High-energy battery pack and system

Discharge rate:

— C/3 or other specific discharge rate according to the specifications given by the supplier.
Discharge limit:

— According to the specifications given by the supplier.

Rest period after discharge to reach a stable condition:

— 30 min or a thermal equilibration at RT of the DUT is reached.
6.2.2.3 Standard charge (SCH)

6.2.2.3.1 | High-power battery pack and system
Charge prdcedure and end of charge criteria:

— According to the specifications given by the supplier. The specifications-shall cover end of chgrge
criterip and time limits for the overall charging procedure.

Rest periodl after charge:

— 30 min.

6.2.2.3.2 | High-energy battery pack and system
Charge prdcedure and end of charge criteria:

— C/3 o1 another specific charge rate according to the specifications given by the supplier. [The
specififcations shall cover end of charge criteria and time limits for the overall charging proceddre.

— In any|case, the total charge procedure/shall be completed within 8 h.
Rest periodl after charge:

— 60 mirn.
7 Perfogrmance tests

7.1 Energy and capacity at RT

7.1.1 Purpose

Th t t nnnnn DT oo oy 10 A 2 aotant carppmandt dic ol oo toc
lS es Ir CcdAdouUulrco Uil \/Cll.la\—l\,_y I 7Y I du LuUllotltdIiit culrlIviit vuioviidar S\" 1Al o,

For high-power battery packs and systems, the constant current discharge rates shall be corresponding
to the suppliers rated 1 C capacity in A-h (e.g., if the rated one hour discharge capacity is 10 A-h, the
discharge rate is 10 A). The one hour rate (1 C) is used as reference for static capacity and energy
measurement and as a standard rate for high-power battery pack and system level testing. In addition,
if applicable, the 10 C and the maximum permitted C rate shall be performed for capacity determination
to meet the high-power system requirements. Discharge shall be terminated on supplier-specified
discharge voltage limits depending on discharge rates and temperature.

For high-energy battery packs and systems the constant current discharge rates shall be corresponding
to the suppliers rated C/3 capacity in A-h (e.g., if the rated three hour discharge capacity is 45 A-h, the
discharge rate is 15 A). The three hour rate (C/3) is used as reference for static capacity and energy
measurement and as a standard rate for pack and high-energy system level testing. In addition, if
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applicable, the 1C, 2C and the maximum permitted C rate shall be performed for capacity determination
to meet the high-energy system requirements. Discharge shall be terminated on supplier specified
discharge voltage limits depending on discharge rates and temperature.

This test applies to battery packs and systems.

7.1.2 Test procedures

7.1.2.1 High-power battery pack and system

o 10

Th 4= e 1 111 £, | R LR . ) o 1 4 £ 1 Fal a4l H
LCSULSIIdIT DT Pl IuTIHITU dU IV VWILID LT UISUTIIdTI gT 1T ditsS U 174, 1U U dlu LT HTd ATHITUT

permitted by the supplier (the maximum C rate corresponds to Iq max)-

The test sequence shall be performed as specified in Table 1.

Tahle 1 — Test sequence energy and capacity test at RT for high-power battery packs ar

Step Procedure Test temperature
1.1 |Thermal equilibration RT,

1.2 |Standard charge (SCH) RT

1.3 | Standard cycle (SC) RT

2.1 |Dischargeat1C RT

2.2 |Standard charge (SCH) RT

2.3 |Dischargeat1C RT

2.4 |Standard charge (SCH) RT

2.5 |Dischargeat 10 C RT

2.6 |Standard charge (SCH) RT

2.7 |Discharge at 10:C RT

2.8 |Standard charge (SCH) RT

2.9 |Discharge at Iq,max RT

2.10 |Standard charge (SCH) RT

2.11 |Discharge at Iq,max RT

2.12__ |\Standard charge (SCH) RT

3.1~ | Standard cycle (SC) RT

The SCH procedure'shall follow 6.2.2.3.1.

The SC procedure shall follow 6.2.

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

Afte¢rdischarge, the DUT shall rest at least for 30 min or shall be thermally equilibrated at th

1 C rate as

d systems

erequired

ambient temperature or a fixed time period shall be used to allow for thermal equilibra
starting the next step in the test sequence.

7.1.2.2 High-energy battery pack and system

tion before

The test shall be performed at RT with the discharge rates C/3, 1C, 2C (if 2C is less than I4 max) and the
maximum C rate as permitted by the supplier.

The test sequence shall be performed as specified in Table 2.

© ISO 2018 - All rights reserved
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Table 2 — Test sequence energy and capacity test at RT for high-energy battery packs and

The standd
The standd
All dischar

After disch
ambient t¢g
starting th

7.1.3 De

7.1.3.1 K

Ifthe1 Cc

E next step in the testsequence.

systems
Step Procedure Ambient temperature
1.1 Thermal equilibration RT
1.2 Standard charge (SCH) RT
1.3 Standard cycle (SC) RT
2.1 Discharge at C/3 RT
2.2 Standard charge (SCH) RT
4.5 Discharge atC/5 K1
2.4 Standard charge (SCH) RT
2.5 Discharge at 1C RT
2.6 Standard charge (SCH) RT
2.7 Discharge at 1C RT
2.8 Standard charge (SCH) RT
29 Discharge at 2C RT
2.10 Standard charge (SCH) RF
2.11 Discharge at 2C RT
212 Standard charge (SCH) RT
2.13 Discharge at Iq,max RT
2.14 Standard charge (SCH) RT
2.15 Discharge at Iq,max RT
2.16 Standard charge (SCH) RT
3.1 Standard cycle (SC) RT

rd charge (SCH) procedure shall follow.6.2.2.3.2.
rd cycle (SC) procedure shall follow6.2.
ce tests shall be terminated at the supplier's discharge voltage limits.

arge, the DUT shall restatleast for 30 min or shall be thermally equilibrated at the reque;s
mperature or a fixed~time period shall be used to allow for thermal equilibration be

termination-of rated capacity

fligh-power battery pack and system

hpacity obtained during testing at 7.1.2.1 step no. 2.3 in Table 1 differs more than 5 % f

the suppli

ted
fore

fom

rsA C specification, this measured 1 C capacity shall be used as rated capacity and s

all

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 1 C capacity.

The following data shall be reported:

the following standard charge;

12

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

energy round-trip efficiency at each discharge test;

© ISO 2018 - All rights rese
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discharged energy in Wh as a function of SOC at each discharge test (in % of rated capac

EODV of all available cell voltage measuring points for all performed discharge tests;

ity);

determined 1 C rated capacity which is taken as basic value for all further discharge current

requirements.

NOTE Capacity data are also used for the later calculation of capacity fades (see 7.10.2.1.8).

7.1.

3.2 High-energy battery pack and system

If tH
the
be 1
cur

Thd

NOT

7.2

7.2
Thi

disq
tem

7.2

€ C/3 capacity obtained during testing at /.1.Z.Z step no. 2.1 in Table Z differs more tha
suppliers C/3 specification, this measured C/3 capacity shall be used as rated capacit
he basis value for all further discharge current requirements, i.e. the value for Cdn.eack
Fent calculation nC shall be based on the measured C/3 capacity.

following data shall be reported:

current, voltage, DUT temperature and ambient temperature versus time'‘at each dischar
the following standard charge;

discharged capacity in Ah, energy in Wh and average power in W at each discharge test;
charged capacity in Ah, energy in Wh and average power in\W following each discharge
energy round trip efficiency at each discharge test;

discharged energy in Wh as a function of SOC at each discharge test (in % of rated capad
the EODV of all available cell voltage measuring points for all performed discharge tests

determined C/3 rated capacity which is\taken as basic value for all further dischar
requirements.

E Capacity data are also used foirthe later calculation of capacity fades (see 7.10.2.2.6).
Energy and capacity at'different temperatures and discharge rates

1 Purpose

5 test characterizes’the capacity at different temperatures at three different constg
harge rates. The-different discharge rates shall be performed in a sequence before tl

2 Testprocedure

perature is €hanged and the test shall be repeated after the new temperature is achieved.

h 5 % from
y and shall
| discharge

ge test and

test;

ity);

ge current

nt current
e ambient

7.2

2:D High-power battery pack and system

The test shall be performed at three different temperatures (40 °C, 0 °C and -18 °C) with the discharge
rates 1 C, 10 C and the maximum C rate as permitted by the supplier (the maximum C rate corresponds

to Id,max)-

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

©IS

02018 - All rights reserved
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Table 3 — Test sequence energy and capacity test at different temperature and discharge

rates for high-power battery packs and systems

Step Procedure Test temperature
1.1 |Thermal equilibration RT
1.2 |Standard charge (SCH) RT
1.3 | Standard cycle (SC) RT
2.1 |Thermal equilibration 40°C
2.2 |Top off charge 40°C
4.5 Dischargeat 1 C 40 °C
2.4 |Standard charge (SCH) 40 °C
2.5 |Dischargeat1C 40°C
3.1 |Thermal equilibration RT
3.2 |Standard charge (SCH) RT
3.3 |Standard cycle (SC) RT
4.1 |Thermal equilibration 40°C
4.2 |Top off charge 40°C
4.3 |Dischargeat10C 40 °C
4.4 |Standard charge (SCH) 40 °C
4.5 |Dischargeat10C 40 °C
5.1 |Thermal equilibration RT
5.2 |Standard charge (SCH) RT
5.3 |Standard cycle (SC) RT
6.1 |Thermal equilibration 40°C
6.2 |Top off charge 40 °C
6.3 |Discharge at Iq,max 40 °C
6.4 |Standard charge(SCH) 40°C
6.5 |Discharge atld max 40°C
7.1 |Thermalequilibration RT
7.2 |Standard charge (SCH) RT
7.3 |Standard cycle (SC) RT
8.1 (Thermal equilibration 0°C
82\./| Top off charge 0°C
83 |Dischargeat1C 0°C
8.4 |Standard charge (SCH) 0°C
8.5 |Dischargeat1C 0°C
9.1 |Thermal equilibration RT
9.2 |Standard charge (SCH) RT
9.3 |Standard cycle (SC) RT
10.1 |Thermal equilibration 0°C
10.2 |Top off charge 0°C
10.3 |Discharge at 10 C 0°C
10.4 |Standard charge (SCH) 0°C
10.5 |Dischargeat10C 0°C
11.1 |Thermal equilibration RT
11.2 |Standard charge (SCH) RT
11.3 |Standard cycle (SC) RT
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Table 3 (continued)

Step Procedure Test temperature
12.1 |Thermal equilibration 0°C
12.2 |Top off charge 0°C
12.3 |Discharge at Iq,max 0°C
12.4 |Standard charge (SCH) 0°C
12.5 |Discharge at Iq,max 0°C
13.1 |Thermal equilibration RT
13.2 |Standard charge (SCH) RT
13.3 |Standard cycle (SC) RT
14.1 |Thermal equilibration -18°C
14.2 |Top off charge -18°C
14.3 |Dischargeat1 C -18°C
14.4 |Standard charge (SCH) -18 °6
14.5 |Dischargeat1C =18 7C
15.1 |Thermal equilibration RT
15.2 |Standard charge (SCH) RT
15.3 |Standard cycle (SC) RT
16.1 |Thermal equilibration -18°C
16.2 |Top off charge -18°C
16.3 |Dischargeat 10 C -18°C
16.4 |Standard charge (SCH) -18°C
16.5 |Dischargeat10C -18°C
17.1 |Thermal equilibration RT
17.2 |Standard charge (SCH) RT
17.3 |Standard cycle (SC) RT
18.1 |Thermal equilibration -18°C
18.2 |Top'eff charge -18°C
18.3 ‘{Discharge at Iq,max -18°C
18.4~ | Standard charge (SCH) -18°C
18.5 |Discharge at Iq,max -18°C
19.1 |[Thermal equilibration RT
19.2 |Standard charge (SCH) RT
19.3 |Standard cycle (SC) RT
Theg S€CHprocedure shall follow 6.2.2.3.1.

The SC procedure shall follow 6.2.

The value “n” for the discharge rate nC shall be based on the rated capacity provided by the supplier
and according to the 1 C test results, as described in test procedure 7.1.2.1, respectively.

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

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

NOTE The SCH for top-off enables recharging of the DUT in order to compensate for energy losses that can
occur during temperature equilibration.

© IS0 2018 - All rights reserved 15


https://standardsiso.com/api/?name=80b068ae85fdd6115627bce7aa4f63ef

ISO 12405-4:2018(E)

7.2.2.2 High-energy battery pack and system

The test shall be performed at least at four different temperatures (40 °C, 0 °C, =10 °C and -18 °C, the
test at Tyin shall be optional) with the discharge rates C/3, 1C, 2C and the maximum C rate as permitted
by the supplier (the maximum C rate corresponds to I4,max)-

The test sequence shall be performed as specified in Table 4.

Table 4 — Test sequence energy and capacity test at different temperature and discharge rates
for high-energy battery packs and systems

Step Procedure Ambient temperature
1.1 Thermal equilibration RT
1.2 Standard charge (SCH) RT
1.3 Standard cycle (SC) RT
2.1 Thermal equilibration 40°C
2.2 Top off charge 40°C
2.3 Discharge atC/3 400
2.4 Standard charge (SCH) 40 °C
2.5 Discharge at C/3 40°C
3.1 Thermal equilibration RT
3.2 Standard charge (SCH) RT
3.3 Standard cycle (SC) RT
4.1 Thermal equilibration 40°C
4.2 Top off charge 40 °C
4.3 Discharge at 1C 40°C
4.4 Standard charge (SCH) 40°C
4.5 Discharge at 1C 40°C
5.1 Thermal equilibration RT
5.2 Standard charge (SCH) RT
5.3 Standard ¢ygle (SC) RT
6.1 Thermalequilibration 40°C
6.2 Top off'charge 40°C
6.3 Discharge at 2C 40°C
6.4 Standard charge (SCH) 40°C
6.5 Discharge at 2C 40°C
7% Thermal equilibration RT
7.2 Standard charge (SCH) RT
73 Standard cycle (SC) RT
8.1 Thermal equilibration 40°C
8.2 Top off charge 40°C
8.3 Discharge at I4,max 40°C
8.4 Standard charge (SCH) 40 °C
8.5 Discharge at I4,max 40°C
9.1 Thermal equilibration RT
9.2 Standard charge (SCH) RT
9.3 Standard cycle (SC) RT
10.1 Thermal equilibration 0°C
10.2 Top off charge 0°C
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Table 4 (continued)
Step Procedure Ambient temperature
10.3 Discharge at C/3 0°C
10.4 Standard charge (SCH) 0°C
10.5 Discharge at C/3 0°C
11.1 Thermal equilibration RT
11.2 Standard charge (SCH) RT
11.3 Standard cycle (SC) RT
121 Thermal equilibration 0°C O
12.2 Top off charge 0°C N\’
12.3 Discharge at 1C 0°C '\.(‘ ;-
12.4 Standard charge (SCH) 0 T((\,V‘
12.5 Discharge at 1C A(b‘k@v
13.1 Thermal equilibration ?\‘LRT
13.2 Standard charge (SCH) ,..‘() RT
13.3 Standard cycle (SC) g(\VJ RT
14.1 Thermal equilibration /. o 0°C
14.2 Top off charge L 0°C
14.3 Discharge at 2C \\\< 0°C
14.4 Standard charge (SCH) QO 0°C
14.5 Discharge at 2C x\(\@ 0°C
15.1 Thermal equilibration <\ - RT
15.2 Standard charge (SC\R&O RT
15.3 Standard cycle (SC) B RT
16.1 Thermal qui}}{‘&ravtion 0°C
16.2 Top off charge 0°C
16.3 Discharge at I4 max 0°C
16.4 Standard charge (SCH) 0°C
16.5 ﬁ.i.é‘gharge at Iq,max 0°C
171 O\k" hermal equilibration RT
17./2\0_)\./ Standard Charge (SCH) RT
173 Standard cycle (SC) RT
{-\W.l Thermal equilibration -10°C
~é\/ 18.2 Top off charge -10°C
AT 183 Discharge at C/3 ~10 °C
% 18.4 Standard charge (SCH) =10 °C
18.5 Discharge at C/3 -10°C
19.1 Thermal equilibration RT
19.2 Standard charge (SCH) RT
19.3 Standard cycle (SC) RT
20.1 Thermal equilibration -10°C
20.2 Top off charge -10°C
20.3 Discharge at 1C -10°C
20.4 Standard charge (SCH) -10°C
20.5 Discharge at 1C -10°C
21.1 Thermal equilibration RT

© ISO 2018 - All rights reserved
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Table 4 (continued)
Step Procedure Ambient temperature
21.2 Standard charge (SCH) RT
21.3 Standard cycle (SC) RT
221 Thermal equilibration -10°C
22.2 Top off charge -10°C
22.3 Discharge at 2C -10°C
22.4 Standard charge (SCH) -10 °C
22.5 Discharge at 2C -10 °C %
231 Thermal equilibration RT (->'\
23.2 Standard charge (SCH) RT '\.(]/
23.3 Standard cycle (SC) RT A((\,V‘
24.1 Thermal equilibration -10°C Ab})v
24.2 Top off charge -10 °O\‘V
24.3 Discharge at I4,max —).(‘@
24.4 Standard charge (SCH) g(\‘l"d °C
24.5 Discharge at Iq,max (, O10°C
25.1 Thermal equilibration AO\ RT
25.2 Standard Charge (SCH) \\\< RT
25.3 Standard cycle (SC) ‘\\y RT
26.1 Thermal equilibration x\(\@ -18°C
26.2 Top off charge N - -18°C
26.3 Discharge at C/3 R4 -18°C
26.4 Standard charge (SCH) O -18°C
26.5 DischargeatC/3 & 18 °C
271 Thermal equilibr(’c'?%v RT
27.2 Standard chaxge (SCH) RT
273 Standard ¢yzle (SC) RT
28.1 Thern)gﬂellvuilibration -18 °C
28.2 Tq]g&ﬂ%harge -18°C
283 |Dischargeat 1C -18°C
28.4 OS%tandard charge (SCH) -18°C
285,V |Discharge at 1C -18°C
Zjév Thermal equilibration RT
,&2&2 Standard charge (SCH) RT
0293 Standard cycle (SC) RT
301 Thermal equilibration -18 °C
30.2 Top off charge -18 °C
30.3 Discharge at 2C -18 °C
30.4 Standard charge (SCH) -18°C
30.5 Discharge at 2C -18°C
31.1 Thermal equilibration RT
31.2 Standard charge (SCH) RT
31.3 Standard cycle (SC) RT
321 Thermal equilibration -18 °C
32.2 Top off charge -18°C
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Table 4 (continued)
Step Procedure Ambient temperature
32.3 Discharge at Iq,max -18 °C
324 Standard charge (SCH) -18°C
32.5 Discharge at I4,max -18°C
331 Thermal equilibration RT
33.2 Standard charge (SCH) RT
33.3 Standard cycle (SC) RT
34.1 Thermal equilibration Tmin O
34.2 Top off charge Tmin (-\'\U
34.3 Discharge at C/3 Tmin '\’(. ;
34.4 Standard charge (SCH) Tmi,(ﬁ'w
34.5 Discharge at C/3 ,jh\lkv
35.1 Thermal equilibration ?\‘LRT
35.2 Standard charge (SCH) D RT
35.3 Standard cycle (SC) k\VJ RT
36.1 Thermal equilibration /. (o) Thin
36.2 Top off charge = > Tmin
36.3 Discharge at 1C \\\( Tmin
36.4 Standard charge (SCH) 5\0\ Timin
36.5 Discharge at 1C X\O@ Timin
371 Thermal equilibration <\ - RT
37.2 Standard charge (SC\R{@ RT
37.3 Standard cycle (SC) B RT
38.1 Thermal qui}}{‘&ravtion Tinin
38.2 Top off ch@%v Timin
38.3 Discharge at 2C Tmin
38.4 Standard charge (SCH) Timin
38.5 ﬁ.i.é‘gharge at 2C Tmin
39.1 O\k“ hermal equilibration RT
39.,2\6\v Standard charge (SCH) RT
39.3 Standard cycle (SC) RT
A?Fb.l Thermal equilibration Tmin
~é\/ 40.2 Top off charge Tmin
&\Y\ 40.3 Discharge at I max Tmin
% 40.4 Standard charge (SCH) Train
40.5 Discharge at Iq,max Tmin
411 Thermal equilibration RT
41.2 Standard charge (SCH) RT
41.3 Standard cycle (SC) RT

The standard charge (SCH) procedure at the different temperatures shall follow 6.2.2.3.2.

The standard cycle (SC) procedure shall follow 6.2.

The value for the C discharge rate shall be based on the rated capacity provided by the supplier and
according to the C/3 test results as described in test procedure 7.1 Energy and capacity test at RT,

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

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.

The test procedure with the ambient temperature Tinjn (-20 °C = Tryip = —40 °C) within step 34.1 to 41.3
in Table 4 shall be optional.

NOTE Top off charge enables the DUT to be recharged in order to compensate for energy losses that can

occur during temperature equilibration.

7.2.3 Requirements

The follow|ng data shall be reported:

— current, voltage, DUT temperature and ambient temperature versus time at each discharge testfand
the following standard charge;

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

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

— energy round trip efficiency at each discharge test;

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

— adiagram regarding the EODV dispersion of the cells at each discharge test.

7.3 Power and internal resistance

7.3.1 Purpose

The powei| and internal resistance test is_intehded to determine the dynamic power capability,|the

ohmic resistance for discharge and charge eohditions as well as the OCV of the DUT as a function of OC

and tempefatures according to a realistic load profile derived from vehicle driving operation.

The test prlocedure for the high-pewer battery packs and systems combines the FreedomCAR “Hybrid

Pulse Powpr Characterization Test” (see Reference [3]) and the EUCAR “Internal Resistance, Open

Circuit Volfage and Power Detesmination Test” (see Reference [2]).

This test applies to batteryypacks and systems.

7.3.2 Pulse poweércharacterization profile

7.3.2.1 High-power battery pack and system

The objective of this profile is to demonstrate the discharge pulse power (0,1s,2 s, 10 s and 18 s) and
regenerative charge pulse power (0,1 s, 2 s and 10 s) capabilities at various SOC. The test protocol
uses constant current at levels derived from the supplier's maximum rated pulse discharge current
Idp,max at the test temperature. In agreement with the customer, this value may be reduced. Only in
the case where the DUT reaches the discharge voltage limit during discharge, shall the current be
reduced such that the battery terminal voltage is maintained at the discharge voltage limit throughout
the 18 s discharge pulse. The current of the regenerative charge pulse shall be kept constant and shall
be calculated as 75 % of the discharge pulse current. Only in the case where the DUT reaches during
charging the charge voltage limit, shall the current be reduced such that the battery terminal voltage is
maintained at the charge voltage limit throughout the 10 s regenerative charge pulse.

The test profile shall consist of an 18 s discharge pulse followed by a 40 s rest period to allow the
measurement of the cell polarization resistance. After the 40 s rest period, a 10 s charge pulse with
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75 % current rate of the discharge pulse shall be performed to determine the regenerative charge
capabilities. After the charge pulse, a rest period of 40 s shall follow (for timing and current, see Table 5

and Figure 2).

NOTE For the testing of battery systems, the BCU delivers, e.g. depending on actual temperature and SOC
of the DUT, the maximum allowed operating limits of the DUT via bus communication to enable the test bench
equipment to maintain the DUT at all times in specified operating conditions. For the testing of battery packs,
the supplier is requested to deliver all necessary operating limits for the DUT in order to adjust the test bench
equipment to maintain the DUT at all times in specified operating conditions.

Table 5 — Pulse power characterization profile

Time increment Time cumulative Current
S S
0 0 0
18 18 Idp,max
40 58 0
10 68 -0,75 Idp,max
40 108 0
Fighire 2 shows an example where the maximum rated dischargé_pulse current, Iqp max, i§ 20 C. The
dis¢harge current is specified as positive and the charge current as negative. The maxia;num rated
dis¢harge pulse current, Iqp max, for the pulse power characterization profile shall be specified by the
supplier.
Y
25 N
20
15
-1
10
5
0 S
X
-5
-10 > 2
15
=20 /
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100105110
Y
Key
X time (s) 1 discharge
Y current (C rate) 2 charge

Figure 2 — Pulse power characterization profile — Current
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350 ——°0s —e
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U
300 g’
i \Y\
Us Ny
250 4
200
0|5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85790 95100105110 X
Key
X time (fs)
Y voltage (V) of pack or system (example)
Figure 3 — Pulse power characterization profile — Voltage
NOTE The voltage values in Figure 3 are an example and expressed for pack or system level. Values|can
differ deperjding on battery chemistry, temperature,SOC, etc.
For the pedk power, regenerative power and esistance determination, the battery terminal voltage pnd
current shall be measured at the times given in Table 6.
If the test gquipment cannot providethe current value with the requested accuracy at the time of 10 ms
after a chapge in the current profile; no related values for power and resistance shall be calculated for
this specific test step.
Table 6 — Measured voltages and currents
Time, t Voltage | Current | Currentvalue
0 Uo Iy 0
nF1 ’ll ,1 ’\:‘llJ IITdA
2 UZ [2 Idp,max
10 U3 13 Idp,max
18 U4 14- Idp,max
58 Us Is 0
58,1 U6 [6 _0,75 Idp'max
60 U7 I7 -0,75 Idp,max
68 U8 18 _0,75 Idp'max
108 Uy Iy 0

The following calculations for resistance and power shall be performed according to Table 7.

22
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Table 7 — Calculation of resistance and power

At
Value Equation s

0,1 s discharge resistance Rip,15,dch = (Uo - U1)/11 0,1

2 s discharge resistance Rips, ch = (Uo - U2)/I2 2

10 s discharge resistance Ri10s,dch = (Uo - U3)/I3 10

18 s discharge resistance Ri1gs,dch = (Uo - U4) /14 18

Overall discharge resistance Rigch = (Us — Us)/1a 40

0,1 s charge resistance Rip,15,cha = (Us - Us)/I6 0,1

2 s charge resistance Ris,cha = (Us - U7)/17 2

10 s charge resistance Ri10s,cha = (Us - Ug)/Is 10

Overall charge resistance Richa = (Ug - Ug)/Ig 40

0,1 s discharge power Po,1s,dch = U1 x I1 0,1

2 s discharge power Pasdch = Uz x I 2

10 s discharge power P10s,dch = U3z x I3 10

18 s discharge power P1gs,dch = Us x I3 18

0,1 s regenerative power Po,15,cha = Us % Ig 0,1

2 s regenerative power P2s,cha = U7 %I 2

10 s regenerative power P10s,cha =Ug X I3 10

Open circuit voltage Uocy = Uy
7.3]2.2 High-energy battery pack and system
The objective of this profile is to demonstratethe discharge pulse power (0,1s,25s,5s,10s,
204, 30s,60s,90 s and 120 s) and regenerative charge pulse power (0,1s,2s,10 sand 20 s)
at various SOC and temperatures. The test protocol uses constant current at levels derive

supplier's maximum rated pulse digcharge current Iqp max at the test temperature. In agreg

18s,18,1s,
apabilities
d from the
ment with
Itage limit

generative

chafge pulse shall be kept caristant and shall be calculated as 75 % of the discharge pulse cufrrent. Only

in cpse the DUT reaches the charge voltage limit during charging, the current shall be reduce
the|battery terminal-#oltage is maintained at the charge voltage limit throughout the 20 s rg

d such that
generative

L discharge
plarization

discharge
ge pulse, a

NOTE For testing of battery systems the BCU delivers, e.g. depending on actual temperature
the DUT, the maximum allowed operating limits of the DUT via bus communication to enable the test bench
equipment to maintain the DUT always in the specified operating conditions. For testing of battery packs, the
supplier is requested to deliver all necessary operating limits for the DUT in order to adjust the test bench
equipment to maintain the DUT always in the specified operating conditions.

© ISO 2018 - All rights reserved
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Table 8 — Pulse power characterization profile

Time increment Cumulative time Current
[s] [s]
0 0 0
18 18 Idp,max
102 120 0,75 Idp,max
40 160 0
20 180 -0,75 Idp,max
40 220 0
Figure 4 shows an example with a maximum rated pulse discharge current Igp max. The dischd
current is §pecified as positive and the charge current as negative. The maximum rated pulse-disch3
current 4y max for the pulse power characterization profile has to be specified by the supplier.
Y
120
100
80
60 > 1
40
20
0
-20
-40
- 2
-60
-80
-100
0 20 40 60 80 100 120 140 160 180 200 X
Key
X  time [s] 1 discharge
Y  currentdqp max]%} 2 charge
Figure 4 — Pulse power characterization profile — Current

rge
rge
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NOTE

differ depending on battery chemistry, temperature, SOC, etc.

Figure 5 — Pulse power characterization profile — Voltage

The voltage values in Figure 5 aré&an example and expressed for pack or system level

Values can

Forjthe peak power, regenerative power and resistance determination, the battery terminal yoltage and
curfrent shall be measured at theitimes given in Table 9.

If the test equipment cannotprovide the current value with the requested accuracy at the timf of 100 ms
aftgr a change in the cuyrent profile, no related values for power and resistance shall be calculated for

thig specific test step,

Table 9 — Measured voltages and currents

Tl[j]le C::;;::t Voltage Current
0 0 Uo Io
0,1 Idp,max U1 It
2 Idp,max Uz I
5 Idp,max Us I3
10 Idp,max Us Iy
18 Idp,max Us Is
18,1 0,75 Idp,max Us I
20 0,75 Idp,max Uy I7
30 0,75 Idp, max Ug Ig
60 0,75 Idp,max Ug Ig
90 0,75 Igp,max U1o I1o

© ISO 2018 - All rights reserved
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The follow

26

Table 9 (continued)
Tl[:]le C‘l:;;f:t Voltage Current
120 0,75 Idp,max U11 I
160 U12 12
160,1 =0,75 Igp,max U13 I13
162 -0,75 Idp,max U1g 14
170 ~0,75 Ip max Uss I1s
180 -0,75 Idp, max U1e e
220 U17 17
ng calculations for resistance and power shall be performed according to Table\10.
Table 10 — Calculation of resistance and power
Value Formula At
[s]
0,1 s discharge resistance Riois,dch=(Uo-U1) / Ih 0,1
2 s discharge resistance Ri2s,dch=(Uo-U2) / I 2
5 s discharge resistance Rissdch=(Uo-U3) /I3 5
10 s discharge resistance Ri10s,dch = (Uo = Usg) /4y, 10
18 s discharge resistance Ri18s,dch = (Uo - Us)¥ Is 18
18,1 s discharge resistance Ri 18,1s,dch = (Up\—Us) / I 18,1
20 s discharge resistance Ri20s,dch = (Uy-U7) / I7 20
30 s discharge resistance Ri30s,dcis (Uo - Us) / I 30
60 s discharge resistance Ri 60sldeh = (Uo — Uog) / Io 60
90 s discharge resistance Ri9os,dch = (Uo - U10) / 10 90
120 s discharge resistance Ri120s,dch = (Uo - U11) / 111 120
Overall discharge resistanee Ridch = (U12 - U11) / 111 40
0,1 s charge resistance Rio0,1s,cha = (U12 - U13) / 113 0,1
2 s charge resistance Ri2s,cha = (U12 = U14) / 14 2
10 s charge resistaiice Ri10s,cha = (U12 - U1s) / I15 10
20 s chargesesistance Ri20s,cha = (U12 - U16) / 116 20
Overall charge resistance Richa= (U16 - U17) / 117 20
0,1 s diseharge power Po1sdch=U1x 11 0,1
24 discharge power Pysdch=Uz x I 2
5)s discharge power Psg dch = U3 x I3 5
10 s discharge power P10s,dch = Usg x Iy 10
18 s discharge power P1gs,dch = Us x I5 18
18,1 s discharge power P1g1s,dch = Us x I 18,1
20 s discharge power P0s,dch = U7 x I7 20
30 s discharge power P30s,dch = Ug x Ig 30
60 s discharge power Pe0os,dch = Ug x Ig 60
90 s discharge power P70s,dch = U10 x 110 90
120 s discharge power P120s,dch = U11 x I11 120
0,1 s charge power Po,1s,cha = U13 x 13 0,1
2 s charge power P2s,cha = U14 x I14 2
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Table 10 (continued)

Value Formula At

[s]

10 s charge power P10s,cha = U15 x I15 10

20 s charge power P20s,cha = U16 % 116 20
Open circuit voltage Uocv = U7

3 Test procedure

7.3

The
cov

step at 20 % SOC shall only be performed if the maximum discharge current,of the DUT is

less

Dat
rate

Thd

3.1 High-power battery pack and system

test shall be performed at five different temperatures (40 °C, RT, 0 °C, -10 °C and.*¥18 °(
b1 an SOC range of 80 % to 20 % within five steps (80 %, 65 %, 50 %, 35 %, 20.%), wher

than a 10 C current rate in order to avoid a deep discharge of the DUT.

Prior to each test temperature, the DUT shall be conditioned at RT. inJaccordance with {
equilibration requirements provided in 5.1, followed by an SCH as-provided in 6.2.2.3.1
and an SC as provided in 6.2.

Then, the DUT shall be conditioned at the specified test tefiperature in accordance with t
equilibration requirements provided in 5.1, followed by'dn SCH as provided in 6.2.2.3.1.

pulse power characterization test profile.

In the next step, the fully charged DUT shall be discharged with a 1 C rate to the initial §
followed by a minimum 30 min rest period.

The next SOC steps (65 %, 50 %,.35.% and 20 %) shall be reached by a 1 C discharge fol
30 min rest period. Then, the pulse power characterization profile as described in 7.3.]

performed at each mentioned SOC step.
NOTE The last step at 20/% SOC is performed only if possible.

At the end of the pulse power characterization profile, at the 20 % SOC level, the S(
performed.

h sampling, especially for DUT voltage and current shall be performed with an adequat]
,e.g. 10 ms;

complete test sequence shall be performed as specified in Table 11.

Then, the pulse power characterization(profile as described in 7.3.2.1 shall be performedl.

) and shall
bas the last
equal to or

he thermal
for top off

he thermal
The SCH is

required in order to condition the DUT to 100 % SQCat the specified test temperature prior to the

0C of 80 %

lowed by a
.1 shall be

H shall be

e sampling

Table 11 — Test sequence power and internal resistance test

Step Procedure Test temperature
1.1 |Thermal equilibration RT
1.2 |Top off charge RT
1.3 |Standard cycle (SC) RT
2.1 |Thermal equilibration RT
2.2 |Top off charge RT
2.3 | Pulse power characterization RT
2.4 |Standard charge (SCH) RT
3.1 |Thermal equilibration RT

© ISO 2018 - All rights reserved
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Table 11 (continued)

Step Procedure Test temperature
3.2 |Top off charge RT
3.3 |Standard cycle (SC) RT
4.1 |Thermal equilibration 40°C
4.2 |Top off charge 40°C
4.3 | Pulse power characterization 40°C
4.4 |Standard charge (SCH) 40°C
5.1 |[Thermal equilibration RT
5.2 |Top off charge RT
5.3 |Standard cycle (SC) RT
6.1 |Thermal equilibration 0°C
6.2 |Top off charge 0°C
6.3 | Pulse power characterization 0°C
6.4 |Standard charge (SCH) 0°C
7.1 |Thermal equilibration RT:
7.2 |Top off charge RT
7.3 | Standard cycle (SC) RT
8.1 |Thermal equilibration -10°C
8.2 |Top off charge -10°C
8.3 | Pulse power characterization -10°C
8.4 |Standard charge (SCH) -10°C
9.1 |Thermal equilibration RT
9.2 |Top off charge RT
9.3 |Standard cycle (SC) RT
10.1 |Thermal equilibration -18 °C
10.2 |Top off charge -18°C
10.3 |Pulse power characterization -18°C
10.4 |Standard\charge (SCH) -18 °C
11.1 |Thermal equilibration RT
11.2 |Top)off charge RT
11.3~['Standard cycle (SC) RT
12\~ |Thermal equilibration RT
12.2 |Top off charge RT
12.3 |Pulse power characterization RT
124 |Standard charge (SCH) RT

— The SCH procedure at the different temperatures shall follow 6.2.2.3.1.
— The SC procedure shall follow 6.2.
— All discharge tests shall be terminated at the supplier's discharge voltage limits.

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

7.3.3.2 High-energy battery pack and system

The test shall be performed at six different temperatures (40 °C, RT, 0 °C, =10 °C, -18 °C and -25 °C) and
shall cover a SOC range of 90 % to 20 % within five steps (90 %, 70 %, 50 %, 35 %, 20 %) whereas the
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last step at 20 % SOC shall only be performed if the maximum discharge current of the DUT is equal to
or less than a 5C current rate in order to avoid a deep discharge of the DUT.

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 standard charge (SCH) as provided in

6.2.2.3.2 for top off and a standard cycle (SC) as provided in 6.2.

Then the DUT shall be conditioned at the specified test temperature according to the thermal
equilibration requirements provided in 5.1 followed by a standard charge (SCH) as provided in
6.2.2.3.2. The standard charge (SCH) is requested in order to condition the DUT to 100 % SOC at the

specified test temperature prior to the pulse power characterization test profile.

In the next step, the fully charged DUT shall be discharged with a C/3 rate to the initial-§
followed by a minimum 30 min rest period.

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

Then the pulse power characterization profile as described in 7.3.2.2 shallbe performed.

0C of 90 %

The next SOC steps (70 %, 50 %, 35 %, and 20 %7)) shall be reachedby a C/3 discharge followed by

a 30 min rest period. Then the pulse power characterization profilejas described in 7.3.]
performed at each mentioned SOC step.

NOTE The amount of electric charge [Ah] withdrawn duringthe previous power characteriz
needs to be taken into account when adjusting the SOC level tothe next following step by a C/3

At the end of the pulse power characterization profileat the 20 % SOC level, the stand|
(SCH) shall be performed.

p.2 shall be

htion profile
ischarge.

ard charge

Data sampling, especially for DUT voltage @nd current, shall be performed with ap adequate

sampling rate for the profile described in Eigure 5 and Table 9. A minimum of 10 measu
per step are required.

The complete test sequence shall be'performed as specified in Table 12.

Table 12 — Test sequence power and internal resistance test

ring points

Step Procedure Ambient temperature
1.1 Thermal equilibration RT
1.2 Top off charge RT
1.3 Standard cycle (SC) RT
21 Thermal equilibration RT
2.2 Top off charge RT
2.3 Pulse power characterization RT
2.4 Standard charge (SCH) RT
31 Thermal nqni]ithfinn RT
3.2 Top off charge RT
3.3 Standard cycle (SC) RT
41 Thermal equilibration 40°C
4.2 Top off charge 40 °C
4.3 Pulse power characterization 40°C
4.4 Standard charge (SCH) 40°C
5.1 Thermal equilibration RT
5.2 Top off charge RT

7)

If possible.
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— Thest

Table 12 (continued)

Step Procedure Ambient temperature
5.3 Standard cycle (SC) RT
6.1 Thermal equilibration 0°C
6.2 Top off charge 0°C
6.3 Pulse power characterization 0°C
6.4 Standard charge (SCH) 0°C
7.1 Thermal equilibration RT
7.2 Top off charge RT
7.3 Standard cycle (SC) RT
8.1 Thermal equilibration -10°C
8.2 Top off charge -10°C
8.3 Pulse power characterization -10°C
8.4 Standard charge (SCH) -10 €
9.1 Thermal equilibration RT
9.2 Top off charge RT
9.3 Standard cycle (SC) RT
10.1 Thermal equilibration -18 °C
10.2 Top off charge -18 °C
10.3 Pulse power characterization -18°C
10.4 Standard charge (SCH) -18 °C
11.1 Thermal equilibration RT
11.2 Top off charge RT
11.3 Standard cycle (SC) RT
12.1 Thermal equilibration -25°C
12.2 Top off charge -25°C
12.3 Pulse power.characterization -25°C
12.4 Standard charge (SCH) -25°C
13.1 Thermal’equilibration RT
13.2 Top'eff charge RT
13.3 Standard cycle (SC) RT
14.1 Thermal equilibration RT
14,2 Top off charge RT
43 Pulse power characterization RT
14.4 Standard charge (SCH) RT

— The standard cycle (SC) procedure shall follow 6.2.

ndard charge (SUH) procedure at the dirfrerent temperatures shall Tollow 6.4.2.5.4.

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

NOTE

30

Top off charge enables the DUT to be recharged in order to compensate for energy losses that can
occur during temperature equilibration.
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4 Requirements

4.1 High-power battery pack and system

The following data shall be delivered by using the equations described in 7.3.2.1:

discharge power for 0,1 s, 2 s, 10 s and 18 s peaks as a function of SOC and temperature;

regenerative power for 0,1 s, 2 s and 10 s peaks as a function of SOC and temperature;

discharge resistance for 0,1s, 2's, 10 s and 18 s peaks as well as the overall resistance as a function

7.3
The

7.4

of SOC and temperature;

charge resistance for 0,1 s, 2 s and 10 s peaks as well as the overall resistance as-a.func
and temperature;

open circuit voltage as a function of SOC and temperature;
deviation from first and last test at RT, if any;

if it is necessary to reduce the charge or discharge current duefto-voltage limits, the

fion of SOC

calculated

internal resistance values shall be marked clearly in the test report and in the result tablles.

4.2 High-energy battery pack and system

following data shall be delivered by using the equations described in 7.3.2.2:

discharge power for 0,1s,25s,5s,10s,18s,18,15,205s,30s,60s,90 s and 120 s peaks ag a function

of SOC and temperature;

regenerative power for 0,1s, 2 s, 10 s and 20-s peaks as a function of SOC and temperatu

re;

discharge resistance for 0,1s,2s,55,10's,18s,18,15,20s,30s, 605,90 s and 120 s pepks as well

as the overall resistance as a function of SOC and temperature;

charge resistance for 0,1 s, 2 s, 10's and 20 s peaks as well as the overall resistance as a
SOC and temperature;

open circuit voltage as@ function of SOC and temperature;
deviation from firstand last test at RT, if any;
temperature ¥ersus time of the DUT at the specified tests;

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

No load SOC loss

function of

bd internal

7.4.

1 Purpose

The purpose of this test is to measure the SOC loss of a battery system if it is not used for an extended
period of time. This test refers to a scenario that a vehicle is in parking mode without charging for a
longer time period and therefore the battery system could not be placed on charge. The no load SOC
loss, 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.

This test applies to battery systems only.
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7.4.2 Testprocedure

7.4.2.1 High-power battery system

The no-load SOC loss shall be measured with a complete and fully operational battery system. The BCU
shall be supplied with the necessary auxiliary power (e.g. 12 V d.c. power supply) in order to be able to
control necessary battery system functions during the rest period, for example:

a) battery system cell balancing, and

b) periodical BCU wake-up activities.

The no-loafl SOC loss rate(s) shall include any possible parasitic or operational discharge contributi

the cell bal

The no-loa
at two dif
between t
able to pet
period, the

The tests

e

d SOC loss rate of the battery system shall be measured for three different restperiods
rent temperatures. The battery system is discharged to 80 % SOC (or to)dan SOC agy

form control activities (e.g. cell balancing and regular wake-up activities). After the
remaining SOC shall be determined by a 1 C discharge at RT.

n of
hncing circuitry itself beyond the inherent self-discharge rate of the battery cells themse?lves.

and
eed

supplier and customer) and then left at open circuit for a certain tinfe./The BCU shalll be

rest

thall be performed in a temperature-controlled test chamberiat the given temperatyres

according to the test sequence in Table 13 and Table 14. Before each t€st cycle at a given temperatjre,

the battery shall be kept at the test temperature for a minimum of A2 h. This period can be reducgd if

thermal equilibration is reached, specified as less than 4 K change dmong individual cell temperatures

during an interval of 1 h.

Temperatufres: RT and 40 °C.

Standard cjycle: to ensure that each test is donewith the battery system in the same initial cohdi-
tion, an SC (see 6.2) shall be performed prior to each test;

Discharge rate: discharge the battery system to 80 % SOC (or to an SOC agreed between the Jup-
plier and customer) at }'C rate;

Rest periodl: 24h (1d), 168 hy(7d) and 720 h (30 d);

Aucxiliary e

7.4.2.2 K

The no loa
shall be su
control neq

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

nergy:

[igh-energy‘battery system

] SOC loss.shall be measured with a complete and fully operational battery system. The
bplied>with the necessary auxiliary power (e.g. 12 V d.c. power supply) in order to be abl
essary battery system functions during the rest period, for example:

for
sed

BCU
e to

— battery system cell balancing;

— period

ical BCU wake-up activities.

The no load SOC loss rate[s] shall include any possible parasitic or operational discharge contribution of
the cell balancing circuitry itself beyond the inherent self-discharge rate of the battery cells themselves.

The no load SOC loss rate of the battery system shall be measured for three different rest periods and
at two different temperatures. The battery system shall be conditioned to 100 % SOC by a standard
cycle (SC) and then left at open circuit for a certain time. The BCU shall be able to perform control
activities (e.g. cell balancing, regular wake-up activities). After the rest period, the remaining SOC shall
be determined by a C/3 discharge at RT.
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The tests shall be performed in a temperature controlled test chamber at the given temperatures
according to the test sequence in Table 15 and Table 16. Before each test cycle at a given temperature,
the battery shall be kept at the test temperature for a minimum of 12 h. This period can be reduced if
thermal equilibration is reached, specified as less than 4 K change among individual cell temperatures
during an interval of 1 h.

Temperatures:

Standard cycle:

RT and 40 °C.

To ensure that each test is done with the battery system in the same initial condi-
tion, an SC (see 6.2) shall be performed prior to each test.

b % soc. If
discharged

frequired,
expressed

Dis¢harge rate: No discharge after the SC requested, the battery system shall be at @0
supplier and customer agreed to a lower SOC, the battery system shall be
after the SC at a C/3 rate to adjust the agreed SOC prior to the rest perfiod.

Res}t period: 48h (2d),168h (7 d) and 720 h (30 d).

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

NOTE The test can be performed in sequence with a single DUT or in_parallel with multiple DUT$.

7.4{3 Testsequence

=N
—+ )

3.1 High-power battery system

test sequence: Rest period at RT

Table 13 — Test sequence no-load SOC loss at RT

Step Procedure Test
temperature
1.1 |Thermal equilibration RT
1.2 |Standard-eharge (SCH) RT
1.3 |Standdrd cycle (SC) RT
1.4 |Discharge 1 Cto 80 % SOC RT
1.5 Rest period with open power supply circuit for 24 h RT
1,6\ )| Standard cycle (SC) RT
1.7 | Discharge 1 Cto 80 % SOC RT
1.8 |Restperiod with open power supply circuit for 168 h RT
1.9 |Standard cycle (SC) RT
1.10 |Discharge 1 Cto 80 % SOC RT
1.11 |Rest period with open power supply circuit for 720 h RT
1.12 | Standard cycle (SC) RT

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

2nd test sequence: rest period at 40 °C (or higher according to agreement between the supplier and
customer)
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Table 14 — Test sequence no-load SOC loss at 40 °C (or higher)

Step Procedure Test temperature
2.1 |Thermal equilibration RT
2.2 |Standard charge (SCH) RT
2.3 |Standard cycle (SC) RT
2.4 |Discharge 1 Cto 80 % SOC RT
2.5 |Rest period with open power supply circuit for 24 h 40 °C (or higher)
2.6 |Thermal equilibration RT
2.7 | Standard cycle (SC) RT
2.8 |Discharge 1 Cto 80 % SOC RT
2.9 |Rest period with open power supply circuit for 168 h 40 °C (or higher)
2.10 |Thermal equilibration RT
2.11 |Standard cycle (SC) RT
2.12 | Discharge 1 C to 80 % SOC RT
2.13 |Restperiod with open power supply circuit for 720 h 40°€_(or higher)
2.14 |Thermal equilibration RT
2.15 |Standard cycle (SC) RT

All dischar

7.4.3.2 K

1st test seq

ce tests shall be terminated if the supplier's requested discharge voltage limits are reached.

fligh-energy battery system

uence: Rest period at RT

Table 15 — Test sequenceno load SOC loss at RT

Step Proceduire Ambient temperature
1.1 Thermal equilibration RT
1.2 Standard charge (SCH) RT
1.3 Standard cycle (S€) RT
1.4 Rest period at\open power supply circuit for 48 h RT
1.5 Standard-eycle (SC) RT
1.6 Rest p€riod at open power supply circuit for 168 h RT
1.7 Standard cycle (SC) RT
1.8 Rest period at open power supply circuit for 720 h RT
1.9 Standard cycle (SC) RT

All dischar

ce-tests shall be terminated if the supplier's requested discharge voltage limits are reached.

NOTE

The remaining capacity will be measured within steps 1.5, 1.7 and 1.9 during the standard discharge

(SDCH) test, which is the first part of the standard cycle (SC) test.

2nd test sequence: Rest period at 40 °C (or higher according to agreement between supplier and

customer)
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Table 16 — Test sequence no load SOC loss at 40 °C (or higher)

Step Procedure Ambient
temperature
2.1 Thermal equilibration RT
2.2 Standard charge (SCH) RT
2.3 Standard cycle (SC) RT
2.4 Rest period at open power supply circuit for 48 h 40 °C (or higher)
2.5 Thermal equilibration RT
276 Stamdardcycte (S€) RT
2.7 Rest period at open power supply circuit for 168 h 40 °C (or higher)
2.8 Thermal equilibration RT
2.9 Standard cycle (SC) R
2.10 Rest period at open power supply circuit for 720 h 40,°C_(or higher)
2.11 Thermal equilibration RT
2.12 Standard cycle (SC) RT

All fischarge tests shall be terminated if the supplier's requested discharge voltage limits ar

NOTE

(SDH) test, which is the first part of the standard cycle (SC) test.

7.4/4 Requirement

7.4/4.1 High-power battery system

The remaining capacity will be measured within steps 2,6;2.9 and 2.12 during the standaz

Theg remaining 1 C energy and SOC from the initial 80 % SOC shall be reported. The loss of
SO( after each rest period shall be expressed as a percentage of the initial 80 % SOC.

The auxiliary energy consumption (12:”d.c. level) for the BCU and, if required for other batt

eledtronics, shall be expressed in watt hours (Wh) for each rest period.

e reached.

d discharge

bnergy and

ery system

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

7.4/4.2 High-energybattery system

Theg remaining C/3.energy and SOC from the initial 100 % SOC shall be reported. The loss of
SO( after eachikést period shall be expressed as a percentage of the initial 100 % SOC.

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

Ao data o 1

1

bnergy and

eIy system

PN 1aclis £l 3 £ oo d 2 ALt £ taoaaa oot Laotaz
A g apTh ICratTiTg gata 10T et o CC T ST peTrTotS—arrt Tttty o tCstTtCTnptratar CS5;- SO v T

capacity versus rest period shall be presented.

7.5 SOCloss at storage

7.5.1 Purpose

g residual

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.

This test applies to battery systems only.

© ISO 2018 - All rights reserved

35


https://standardsiso.com/api/?name=80b068ae85fdd6115627bce7aa4f63ef

ISO 12405-4:2018(E)

7.5.2 Test procedure

The SOC loss at storage behaviour shall be measured with a complete battery system. During the
storage period, all battery system terminals shall be disconnected (e.g. voltage class B connections,
voltage class A connection, cooling). The service disconnect device, if any, shall be disconnected.

The SOC loss at storage of the battery system shall be measured after a 720 h (30 d) rest period at 45 °C
ambient temperature with an initial SOC of 50 % or higher, if agreed between supplier and customer.
The remaining SOC after the storage period shall be determined by a 1C discharge for high-power
battery systems or a C/3 discharge for high-energy battery systems.

The SOC lofs at storage test shall be performed In a temperature controlled test chamber according to
the test sequence in Table 17.

Temperatufre: 45 °C.

Standard cjycle: To ensure that each test is done with the battery system in the same initial condi-
tion, an SC (see 6.2) shall be performed prior to the SOC loss at storage test.

Discharge rate: Discharge the high-power battery system to 50 % SOC atl'C rate or
Discharge the high-energy battery system to 50 % SOC at C/3 rate.

A higher SOC value can be agreed between suppliér and customer.
Rest periodl: 720 h (30 d).
Auxiliary gnergy: During the storage period, all connections at the battery system are disconnecfed.

Service digconnect: The service disconnect device, if any, shall be disconnected.
7.5.3 Tept sequence

Table 17 — Test sequence capacity loss at storage

Step Procedure Ambient
temperature

1 Thermal equilibration RT

2 $tandard charge (SCH) RT

3 $tandard cycle (SC) RT

4 High-power batteny systems: discharge 1C to 50 % SOC RT
High-energyibattery systems: discharge C/3 to 50 % SOC

5 Rest periedAfor 720 h, all voltage class B and voltage class A terminals are 45°C
disconnected, service disconnect is disconnected

6 Thermal equilibration RT

7 Standard cycle (SCJ RT

All discharge tests shall be terminated if the suppliers requested discharge voltage limits are reached.

NOTE The remaining SOC will be measured within step 7 during the standard discharge (SDCH) test, which
is the first part of the standard cycle (SC) test.

7.5.4 Requirement

7.5.4.1 High-power battery system

The remaining 1 C energy and SOC from the initial 50 % SOC shall be reported. The loss of energy and
SOC after the rest period shall be expressed as a percentage of the initial 50 % SOC.
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High-energy battery system

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 Cranking power at low temperature

7.6.1 Purpose

The cranking power test at low temperatures is intended to measure the power capability at low

tenfperatures. T Ne Tetevant temperatures snait be —18 °C and, if agreed between the sypplier and
cusfomer, also -30 °C. The aim is to generate a database of time-dependent poweroutjput at low
temperatures.

Thip test applies to high-power battery systems only.

7.6{2 Test procedure

The test for cranking power at =18 °C shall be performed at the lowest SOC level permitted, gs specified
by tlhe supplier according to the test sequence in Table 18.

Table 18 — Test sequence cranking power atlow temperature (-18 °C)

Step Procedure Test tenjperature
1.1 |Thermal equilibration RT
1.2 |Standard charge (SCH) RT
1.3 |Standard cycle (SC) RT
1.4 | Discharge the fully charged DUT ata 1 C discharge rate to 20 % SOC or the low- RT

est SOC level allowable as specified by/the supplier (minimum SOC)
1.5 |Thermal equilibration -1B °C
1.6 |Set constant voltage of test bench-to the lowest permitted system discharge -1B °C

voltage level according to the supplier's recommendation for 5 s and monitor

the power versus time profile. The maximum current shall not exceed the sup-

plier's specification.
1 Rest period with open/power supply circuit for 10 s -1B °C
1. Repeat steps 1.6 te/1.7 twice -1B°C
19 |Thermal equilibration RT
1]10 |Standardycharge (SCH) RT

The sampling rate for test data during testing shall be <50 ms.

If agreedbetween the supplier and customer, the test for cranking power shall also be performed at
-30) 2C-at the lowest SOC level permitted, as specified by the supplier according to the test §equence in

Table19:
Table 19 — Test sequence cranking power at low temperature (-30 °C)
Step Procedure Test temperature

2.1 |Thermal equilibration RT

2.2 |Standard charge (SCH) RT

2.3 | Standard cycle (SC) RT

2.4 | Discharge the fully charged DUT ata 1 C discharge rate to 20 % SOC or the low- RT

est SOC level allowable as specified by the supplier (minimum SOC)

2.5 |Thermal equilibration -30°C
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Table 19 (continued)
Step Procedure Test temperature
2.6 | Setconstant voltage of test bench to the lowest permitted system discharge -30°C
voltage level according to the supplier's recommendation for 5 s and monitor
the power versus time profile. The maximum current shall not exceed the sup-
plier's specification.
2.7 | Rest period with open power supply circuit for 10 s -30°C
2.8 |Repeatsteps 2.6 to 2.7 twice -30°C
2.9 |Thermal equilibration RT
2.10 |Standard charge (SCH) RT
The sampling rate for test data during testing shall be <50 ms.

Table 20 — Voltage limits for cranking power at low temperature

Time increment Cumulative time Applicable DUT voltage
S S \'
5 5 Lowest permitted system.discharge voltage
14 15 Open power supply circuit
5 20 Lowest permitted system discharge voltage
10 30 Open powet supply circuit
5 35 Lowest permitted system discharge voltage
14 45 Qpen power supply circuit

The profile

pulses shall be performed for the full 5 s duration (even if the test power has to be limjted

to stay within the minimum permitted discharge valtage) to permit the later calculation of low-

temperatu

7.6.3 Re|

The result
current, vo

7.7 Crar

quirement

771 P

The test for crankingipower at high temperature is intended to measure power capabilities at a;Ligh
temperatufe of 50.2C)or the maximum temperature specified by the supplier. The aim is to generate a

pose

)king power at high-temperature

e cranking power capability (see Table 20):

database of time-dependent power output at high temperatures.

This test applies to high-power battery systems only.

5 shall be delivered as graphic representations of power versus time profiles, including
Itage and temperature values.

7.7.2 Test procedure

The test for cranking power at 50 °C shall be performed at the lowest SOC level permitted as specified
by the supplier according to the test sequence in Table 21.
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Table 21 — Test sequence cranking power at high temperature (50 °C)

Step Procedure Test
temperature
1.1 |Thermal equilibration RT
1.2 |Standard charge (SCH) RT
1.3 |Standard cycle (SC) RT
1.4 | Discharge the fully charged DUT ata 1 C discharge rate to RT
20 % SOC or the lowest SOC level allowable as specified by
the supplier (minimum SOC).
1.5 |Thermal equilibration 50°C L
(or max. temperature-specified by the
supplier)
1.6 |Set constant voltage of test bench to the lowest permitted 50°C
system discharge voltage level according to the supplier's (or max. tempetature specified by the
recommendation for 5 s and monitor the power versus time supplier)
profile. The maximum current shall not exceed the supplier's
specification.
1.7 |Rest period with open power supply circuit for 10 s 50°C
for max. temperature specified by the
supplier)
1.8 |Repeatsteps 1.6 to 1.7 twice 50°C
(or max. temperature specified by the
supplier)
19 |Thermal equilibration RT
1410 |Standard charge (SCH) RT
1}11 |Standard cycle (SC) RT
The sampling rate for test data during testing shall be <50 ms.

Table 22 — Voltage-limits for cranking power at high temperature

Time Time cumulative Applicable DUT voltage and current
increment S Vand A

S

5 5 Lowest permitted system discharge voltage and maximum permitted
discharge current

10 15 Open circuit

5 20 Lowest permitted system discharge voltage and maximum permitted
discharge current

10 30 Open circuit

5 35 Lowest permitted system discharge voltage and maximum permitted
discharge current

The profile pulses according to Table 22 shall be performed for the full 5 s duration (even if it is
necessary to limit the test power to stay within the minimum permitted discharge voltage) to permit

the later calculation of the cranking power capability at high temperature.

7.7.3

The results shall be delivered as graphic representations of power versus time profiles including

Requirement

current, voltage and temperature values.

© ISO 2018 - All rights reserved



https://standardsiso.com/api/?name=80b068ae85fdd6115627bce7aa4f63ef

ISO 12405-4:2018(E)

7.8 Energy efficiency

7.8.1 Purpose

The purpose of the energy efficiency test is to determine the battery system round-trip efficiency by
calculation from a charge balanced pulse profile. For high-power battery system, the energy efficiency
of the used battery system has a significant influence on the overall vehicle efficiency. It directly affects
the fuel consumption and emission levels of a vehicle equipped with a high-power battery system.

This test applies to high-power battery systems only.

7.8.2 Tept description

The test si
during the

mulates the following driving situation: for acceleration, for example on to g _highwa)
overtaking process, the vehicle driver requests the maximum vehicle power (max. bat

y or
ery

discharge power). Following that, there is a cruising phase without battery performancefor an assuied

time of 40
Of course, {
for reasony

7.8.3 Te
The follow

RT, 40

30 mirn

adequj
equilil

curren

three dlifferent SOC: 65 %, 50 %, 35 %);

5. After that, there is a regenerative braking period assumed for 10 s to recharge the batt
he actual demands are different because the drive systems of the vehiclessuppliers differ,
of comparison and evaluation of battery pack and system, it is a common base.

5t procedure
ng conditions apply:

°C, 0 °C;

rest period before each power pulse sequenge application for equilibrium;

ite rest period (see general conditions in 5.1) after temperature change for ther
ration;

t profile for energy efficiency chanacterization as described in Table 23.

Table 23'= Energy efficiency test profile

Time increment’ | Time cumulative Current
S S A
0 0 0
12 12 20 C or Igp,max
40 52 0
16 68 -15 Cor -0,75 Iqpmax
40 108 0

ery.
but

mal

The charg

batance (A-h) during this current profite puise sSequence shatt be neutrat. T hat means

the

recharged capacity shall be exactly the same as the discharged capacity before. In case of voltage
limitations and current degradations during the power pulse sequence, only the charge neutral periods
shall be evaluated. This case shall be indicated clearly in the reported results.

Evaluation:

energy during discharge pulse: integration of voltage and discharge current over time;

energy during charge pulse: integration of voltage and charge current over time.
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The efficiency, n, expressed as a percentage, is calculated as the ratio of the energy during the discharge
pulse divided by the energy of the charge pulse, as given in following equation:

tend

Ux Idischarge xdt

_ |tstart %100
tend
UX1 charge X dt
Estart
Expected values are between 75 % and 90 %, depending on chemistry and system.
The energy efficiency test shall be performed according to the test sequence in Table 24.
Table 24 — Test sequence energy efficiency test
Step Procedure Test tempera-
ture
1.1 |Thermal equilibration RT
1.2 |Standard charge (SCH) RT
1.3 |Standard cycle (SC) RT
2.1 |Discharge with 1 Cto SOC 65 % RT
2.2 |Restperiod for 30 min with open power'supply circuit RT
2.3 | Energy efficiency testat SOC 65 % RT
2.4 |Discharge with 1 C to SOC 50 % RT
2.5 |Restperiod for 30 min with epen power supply circuit RT
2.6 | Energy efficiency test at SOC 50 % RT
2.7 |Discharge with 1 C to SOC 35 % RT
2.8 |Restperiod for 30.1nin with open power supply circuit RT
2.9 |Energy efficiency/'test at SOC 35 % RT
3.1 |Standard eycle (SC) RT
3.2 |Thermalequilibration 40°C
4.1 |Discharge with 1 Cto SOC 65 % 40°C
4.2 |Rest period for 30 min with open power supply circuit 40°C
4.3~ }Energy efficiency test at SOC 65 % 40°C
44~ | Discharge with 1 C to SOC 50 % 40°C
4.5 |Rest period for 30 min with open power supply circuit 40 °C
4.6 |Energy efficiency test at SOC 50 % 40°C
4.7 |Discharge with 1 C to SOC 35 % 40°C
48— Restpertod for 30 M WitiTOpen poweT Suppiy CiTcuit 10°C
49 |Energy efficiency test at SOC 35 % 40°C
5.1 |Thermal equilibration RT
5.2 |Standard cycle (SC) RT
5.3 |Thermal equilibration 0°C
6.1 |Discharge with 1 Cto SOC 65 % 0°C
6.2 | Rest period for 30 min with open power supply circuit 0°C
6.3 |Energy efficiency testat SOC 65 % 0°C
6.4 |Discharge with 1 Cto SOC 50 % 0°C
6.5 |Rest period for 30 min with open power supply circuit 0°C
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Table 24 (continued)
Step Procedure Test tempera-

ture

6.6 |Energy efficiency testat SOC 50 % 0°C

6.7 |Discharge with 1 Cto SOC35 % 0°C

6.8 |Restperiod for 30 min with open power supply circuit 0°C

6.9 |Energy efficiency test at SOC 35 % 0°C

7.1 |Thermal equilibration RT

F2—Stamrdardcharge {S€HH RT

7.3 | Standard cycle (SC) RT

The sampling rate for test data during testing shall be <50 ms.

7.8.4 Reguirement

The followling data shall be reported: energy efficiency at SOC 65 %, 50 %,and 35 % for the fest
temperatufes RT, 40 °C and 0 °C.

7.8.5 Cajculation example for energy efficiency test

Based on { fictive 300 V battery with 6 A-h capacity, the results shall correspond (estimated) to|the
following data:

— discharge/charge during 12 s discharge at 20C: 0,4 Ah;

— electri¢al power assist (e.g.): 32,40 kWw;
— regenefative power (e.g.): 39,60 kW;
— SOC swing: 6,667 %;

— energy|output during 12 s discharge at 20C (e.g.): 108 W-h;

— energy|input during 16 s charge at/15C (e.g.): 132 W-h;
— energy|efficiency 81,8 %.
NOTE These values seeni-realistic, appearing during typical acceleration or boost phases during driving.

7.9 Energy efficiency at fast charging

7.9.1 Purpose

The purpo A>3 Uf thC CIICT sy Cffi\.icuu_y ﬂt faat \,hcu 6;116 tCDt ;D tU dCtCl 111;11: thC battcx y .3)’ Dtclll bchav Our
and the energy efficiency at different fast charging levels. For high-energy battery systems, the energy
efficiency also at fast charging of the used battery system has a significant influence on the overall
vehicle efficiency.

This test applies to high-energy battery systems only.

7.9.2 Test procedure

The test shall be performed with battery systems at RT, 0 °C and T and three different fast charging
levels (1C, 2C and I¢,max). After thermal equilibration and conditioning of the DUT by a standard cycle,
the DUT first shall be discharged via a standard discharge followed in the next step by a fast charge
with a starting current of 1C, 2C and /¢, max. The charge rate, the maximum charge current I, max and the
minimum ambient test temperature Tiy,in shall follow the requirements delivered by the supplier.
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The test sequence shall be performed as specified in Table 25.

Table 25 — Test sequence energy efficiency at fast charging test

Step Procedure Ambient temperature
1.1 Thermal equilibration RT
1.2 Standard charge (SCH) RT
1.3 Standard cycle (SC) RT
2.1 Standard discharge (SDCH) RT
2.2 Fast chiarge with 1C RT .
2.3 Rest period for 60 min at open power supply circuit RT (.\'\‘O
2.4 Standard cycle (SC) RT (],\)
2.5 Standard discharge (SDCH) (,P\I}P‘ )
2.6 Fast charge with 2C ‘\QﬁT
2.7 Rest period for 60 min at open power supply circuit y\(]/v RT
2.8 Standard cycle (SC) 0O RT
29 Standard discharge (SDCH) <(\‘o RT

2.10 Fast charge with Ic max P ot RT

2.11 Rest period for 60 min at open power supph(c‘l}%uit RT
3.1 Standard cycle (SC) \\% - RT
3.2 Thermal equilibration Q » 0°C
4.1 Standard discharge (SDCH) .\(\® 0°C
4.2 Fast charge with 1C Q\'\ 0°C
51 Thermal equilibration ‘\\Q)‘ RT
5.2 Standard charge (SC) f(c@t\o‘p off RT
5.3 Standard cycle (SC)_\jr\ RT
5.4 Thermal equilib‘r}ﬁﬁn 0°C

i

6.1 Standard discharge (SDCH) 0°C

6.2 Fast charge with 2C 0°C

7.1 Therr@)\e/quilibration RT

7.2 %@érd charge (SC) for top off RT

7.3 C}G{ndard cycle (SC) RT

7.4 [)‘QVThermal equilibration 0°C
§\Q§ Standard discharge (SDCH) 0°C

Fast charge with Ic max 0°C

&?“\ 9.1 Thermal equilibration RT
D 9.2 Standard charge (SC) for top off RT
9.3 Standard cycle (SC) RT

9.4 Thermal equilibration Tmin

10.1 Standard discharge (SDCH) Timin

10.2 Fast charge with I¢,max Tmin

11.1 Thermal equilibration RT

11.2 Standard charge (SC) for top off RT

11.3 Standard cycle (SC) RT

The standard charge (SCH) procedure at the different temperatures shall follow 6.2.2.3.

The standard cycle (SC) procedure shall follow 6.2.
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All discharge tests shall be terminated at the supplier's discharge voltage limits.

All fast cha

The sampli

rge tests shall follow or shall be terminated at the supplier's requested limits.

ng rate for test data during testing shall be <50 ms.

Calculate energy efficiency for the following SOCs:

— from SOC at discharge test termination to the next rounded SOC decade and each following 10 %
SOC increment up to the SOC level at fast charge termination,

from e

SOC

incren

based on nmpeasured voltage and current data for each standard discharge and the following fast chz

test. Use th

chrounded SOC decade following the discharge test termination to each following 10 %
ent up to the SOC level at fast charge termination,
e following formula for calculation of the requested energy efficiency values:

d
U: Idischarge -dt

7.9.3 Re
The follow

curren
the fol

discha

chargd

the EO

energy

7.10 Cycl

7.10.1 Purpose

In additior
influence @

For choosi

tefart

%100 [%]

j U-I dt

charge *

quirement
ng data shall be reported:

t, voltage, DUT temperature and ambient temperature versus time at each discharge test
owing fast charge;

rged capacity in Ah, energy in Wh and average power in W at each discharge test;
d capacity in Ah, energy in Wh and @verage power in W following each discharge test;
DV of all available cell voltage measuring points for all performed discharge tests;

efficiency for specified ASQCs at each standard discharge - fast charge test.

e life

to other~ageing factors (i.e. time, temperature), the energy throughput has a signifi
n the lifetime of a battery.

rge

and

ant

ing

hg a relevant ageing profile concerning the energy throughput, the real conditions du

NAEEZON rad Thot oo naliad for bhottaryy cucta Axza

driving sh

acid ot o Bawmararafila sotaxac Py z
IT"'UC CUIIOIULCITI CUUL,. 1T1Idl 111 vdIlo LIIc ulJlJll\,U lJUVV\,l Pl UITICO 1TUIL UuLLbl)’ O]JLUIIIJ ITUT U.y I

mic

discharge applications and in addition the proposed SOC swing for battery systems for charge-depleting
followed by charge-sustaining applications shall cover the vehicle demands in a proper way. In order to
get reliable and significant data for lifetime prediction, it is important that supplier and customer agree
on the basic data of the test profiles.

On the other hand, the battery system shall not be stressed too much. Therefore the thermal
management and monitoring of the battery system is mandatory, and certain rest phases are needed
for equilibrium and cell balancing.

This test applies to battery systems only.
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7.10.2 Test procedure

7.10.2.1 High-power battery system

7.10.2.1.1 Preparation

During the test, it is necessary to maintain the DUT temperature, using its cooling equipment, within a
temperature range of between RT and 40 °C (i.e. RT during rest periods, certain higher temperatures
during operation). If requested by the supplier, additional rest periods may be placed between the

cycl

es in order to keep the DUT within the designated temperature range.

The

the|discharge amount is slightly larger than the charge amount, as shown in Table 26 dnd Fi

an
am

Thd

beteen 30 % and 80 % SOC.

By ¢ombining the two profiles, the SOC swing range can be utilized ever the cycling test. T}

test
the

profile shall be switched to the charge-rich profile and contifiued until the upper SOC limif

lim
Thd

Aftg
and|
volt

cycle life test is performed by combining two test profiles, one is the “discharge-rich pro

file”, where
bure 6, and

her one is the “charge-rich profile”, where the charge amount is slightly larger.than thg
unt, as shown in Table 27 and Figure 7.

SOC swing range shall be defined by the customer; otherwise, the cycle tife‘test shall be

shall be started from the upper limit of SOC with the dischargeé:rich profile and once S

t is reached (see Figure 8).

SOC limit for altering the profiles can be detected by.one of the following:
SOC calculated, i.e. by the BCU;

number of cycles (ASOC per cycle equal to\1944 %);

ampere hours (A-h), counted by extermnial measurement;

battery voltage upper and lowepliniit defined by the supplier.

br 22 h of cycling, 2 h of restishall be taken to allow certain equilibrium within the cell
to bring all cells to a voltage balanced status (this is normally performed by the inte
age balancing circuitry], followed by the performance check.

discharge

performed

e cycle life
DC reaches

lower limit or the battery voltage reaches the lower voltage1imit specified by the supplier, the

or voltage

chemistry
grated cell

©IS
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7.10.2.1.2 Test profile cycle life test
Y

25 ~

20

15
~1

10

ASOC =:-1,94%

-10 JI- > (2

-15

-20 -
0 RO 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Y

Key

X time (s] 1, discharge
Y current(C rate) 2~\ "charge

Figure 6 — Current profile for cycle life test — Discharge-rich profile

Table 26 — Times-and current profile — Discharge-rich profile

Time increment | Time cumulative Current Accumulated ASOC

s S Crate %

5 5 20 -2,778
10 15 10 -5,556
32 47 5 -10,000
20 67 0 -10,000

5 72 -15 -7,917
10 82 -10 -5,139
37 119 -5 0,000
20 139 0 0,000

5 144 15 -2,083
10 154 10 -4,861
37 191 5 -10,000
20 211 0 -10,000

5 216 -12,5 -8,264
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Table 26 (continued)
Time increment | Time cumulative Current Accumulated ASOC
S S Crate %
7 223 -7,5 -6,806
35 258 -5 -1,944
42 300 0 -1,944

NOTE1 Because of different time delays and slow rates of various battery testers which are used, no pulses
shorter than 5 s are defined.

A requested C rate according to Table 26 shall be limited to the maximum current spégified by the
supplier. If so, the corresponding time increment shall be increased in order to achieve the requested
ASQC value. This results in an increased cumulative time for the discharge-rich profile.

SI

D
o1
J

1

ASOC=+1,9%% | X

0 20 40 60)°80 100 120 140 160 180 200 220 240 260 280 |300

X | time (s) 1 discharge
Y | current(€rate) 2 charge

Figure 7 — Current profile for cycle life test — Charge-rich profile

Table 27 — Times and current profile — Charge-rich profile

Time increment | Time cumulative Current Accumulated ASOC
S S Crate %
5 5 -15 2,083
10 15 -10 4,861
37 52 -5 10,000
20 72 0 10,000
5 77 20 7,222
10 87 10 4,444
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Table 27 (continued)
Time increment | Time cumulative Current Accumulated ASOC
s S Crate %
32 119 5 0,000
20 139 0 0,000
144 -12,5 1,736
151 -7,5 3,194
49 200 -5 10,000
26 226 6 16,666
226 15 7,917
10 235 10 5,139
23 258 5 1,944
42 300 1,944
NOTE 2 ecause of different time delays and slow rates of various battery testers which are used, no pylses
shorter thafp 5 s are defined.
A requestdd C rate according to Table 27 shall be limited to the maxim@m"current specified by|the
supplier. If|so, the corresponding time increment shall be increased invorder to achieve the requegted
ASOC valug. This results in an increased cumulative time for the charge-rich profile.
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Key
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NOTE At SOC =30 % is the cycle turn point.

Figure 8 — Typical SOC swing by combination of discharge-rich and charge-rich profiles
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7.10.2.1.3 Test sequence cycle life test

Table 28 — Test sequence for cycle life test

Step Procedure Test tempera-
ture

Thermal equilibration RT
Standard cycle (SC) RT
Standard cycle (SC) for 1 C capacity determination RT
Stamdard dicocharagn (CCIIN +0 0N 0/ COC A athar e Lt SOC dafinad houtha RT
Standard-discharse{SCH}-t6-80-9%-SOC-orotherupperHmitSOC-defined-by-the
customer

5 Cycling by the discharge-rich profile until: RT

SOC 30 % or other lower limit SOC defined by the customer;

battery voltage reaches lower limit defined by the supplier

6 Cycling by the charge-rich profile until: RT

SOC 80 % or other upper limit SOC defined by the customer; battery yoltage reach-
es upper limit defined by the supplier
Repeat steps 5 and 6 for 22 h RT

Each day after 22 h of cycling and at the end of the charge-rich profile: RT

the rest period for equilibration of cell voltages and temperature shall be agreed
between the supplier and customer

&) Every week after 7 days of cycling, perform power test with the following test RT
sequence:

thermal equilibration;
standard charge (SCH);
standard cycle (SC);

pulse power characterization;
standard charge (SCH)

|0 |Continue with step 4, but.every two weeks continue with step 2 in order to perform RT
1 C capacity determination

7.190.2.1.4 Conditions
The following apply:
— |Ambient; Start at RT in a temperature chamber with adequate safety equipment.

— |SOC range should be 30 % to 80 % or in a range agreed between the customer and supplier.

— | Zhyrest period after 22 h of cycling for equilibrium and cell balancing.

— Itis necessary that the designated (or comparable) battery system cooling operate.

— During cycling, the DUT electronic shall assure that no cell limits are exceeded, by achieving voltage
limits as specified by the supplier. The current shall be reduced automatically to avoid any electrical
and functional operation.

7.10.2.1.5 Monitoring and data logging

All available voltage and temperature sensor data shall be monitored and logged. The amount of stored
data may be reduced by logging only during selected (critical) parts of the test sequences.

Cumulated capacity which corresponds to the ASOC shall be recorded in order to compare with the SOC
value given by the BCU.
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7.10.2.1.6 SOC determination

Due to ageing during the cycling test, a capacity loss is expected. Therefore, it is very important to
provide a clear procedure to determine SOC over the whole test period. The rated capacity, determined
in 5.1 specifies the range between 100 % SOC (fully charged) and 0 % SOC (fully discharged). For
adjustment of the SOC values, the 100 % value shall be taken as the basis.

7.10.2.1.7 End of test criteria

The cycle life test shall be terminated according to any of the following end-of-test criteria:

d;

the cy¢le life test profile cannot be performed any longer, for instance because limits are reachgd

juirements of the parameter check between the life cycle test profile sequences acgordinig to
18 step 9 can no longer be fulfilled;

the req
Table 7

by agrgement between the supplier and customer.

7.10.2.1.8| Capacity fade

The change of dischargeable capacity from the BOL value (measured according to energy and capafity
test at RT:[see 7.1) to some later point in time shall be reported periodically as capacity fade. [The
capacity falde, Crade, shall be expressed as a percentage of the initial BOL capacity (1 C at RT) as sh¢gwn
in followinfg Equation:

100x[

is the capacity fade, in per cent;

C
retx
Ctade T 1-
rt,t0

where

Cfade

Crttx is the 1 C capacity at current.test;

Crt0 is the rated 1 C capacity at BOL.

7.10.2.2 High-energy battery systém

The proceglure delivers two.séts of test procedures, dedicated to battery systems used in dynamic

discharge
systems us
a moderatg
customer {
for the bat

applications followed by a complete charging procedure, see 7.10.2.2.1, and for bat
ed in dynamig discharge applications followed first by a charge sustainable operation wi
SOC swingand then followed by a complete charging procedure, see 7.10.2.2.2. Supplier
hall agree/on the relevant test procedure based on the dedicated application requiremd
ery system.

ery
hin
and
bnts

7.10.2.2.1

§ for-d ic discl licati

7.10.2.2.1.1 Preparation

During the test, it is necessary to maintain the DUT temperature by its cooling equipment within a
temperature range between RT and 40 °C (i.e. RT during rest periods, certainly higher during operation).
If requested by the supplier, additional rest periods can be placed between the cycles in order to keep
the DUT within the designated temperature range.

The cycle test is performed by combining two test profiles: one is the “dynamic discharge power profile
A”, where the amount of discharged energy is significantly lower than the “dynamic discharge power
profile B”. The profiles are shown in Figure 9 and Figure 10. The data of the profiles are shown in
Table 30 and Table 31 accordingly.
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The SOC range shall be defined by the customer, otherwise the cycle test shall be performed between
100 % and 20 % SOC.

The cycle test shall be started from the upper limit of SOC with a sequence by performing the dynamic
discharge power profile A, followed by the dynamic discharge power profile B and then followed by
the dynamic discharge power profile A until SOC reaches the lower limit or the battery voltage reaches
the lower voltage limit specified by the supplier. Within the next step, the battery system shall be
charged according to the supplier's recommendation to the upper limit of SOC with the requirement
to maintain the total time for the discharge—charge cycle including a rest time for cell balancing to 8 h.
This sequence of dynamic discharge power profiles including charging shall be repeated during the

following 28 d. After these cycling activities the capacity and pulse power characterizatio

be performed to determine the current status of the battery system. After this perforniai]
the|life cycling testing shall be continued until the test has been terminated accordingto\th

critpria; see end of test criteria in 7.10.2.2.5.

Thg SOC limit can be detected by one of the following:

— |SOC calculated, i.e. by the BCU for a battery system test;

— |Ah counted by external measurement;

— |battery voltage upper and lower limits defined by the supplier,

7.10.2.2.1.2 Test sequence battery system cycle life test for. dynamic discharge applications

Table 29 — Test sequence battery system cycle life'test for dynamic discharge applications

tests shall
ce testing,
e specified

Step Procedure Anjbient
temperature
| |Thermal equilibration RT
P Standard cycle (SC) RT
B Standard cycle (SC) for C/3 capacity-determination RT
I |Thermal equilibration -10°C
b | Top off charge -10°C
b Standard cycle (SC) for{C/3 capacity determination -10°C
| Thermal equilibration RT
B | Standard cycle (5€) RT
D Cycling by performing the sequence of dynamic discharge power profile A, followed RT
by the dynamic discharge power profile B and then followed by the dynamic dis-
chargespower profile A until:
—._SOC 20 % or other lower limit SOC defined by customer is reached
—¢ "Battery voltage reaches lower limit defined by the supplier
10~ Charging to 100 % SOC as defined by the supplier with the following requirements: RT
— Charging including cell balancing activities and rest time shall be finished at
least 8 h after starting the dynamic discharge profile A
11 |Repeatsteps 9 to 10 for a total of 28 d
12 |Thermal equilibration RT
13 |Standard cycle (SC) RT
14 | Standard cycle (SC) for C/3 capacity determination RT
15 |Thermal equilibration RT
16 |Top off charge RT
17 | Pulse power characterization RT
18 |Standard charge (SCH) RT

© ISO 2018 - All rights reserved
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Table 29 (continued)
Step Procedure Ambient
temperature
19 |Every 8 weeks continue with step 20, otherwise with step 9
20 |Thermal equilibration -10°C
21 |Top off charge -10°C
22 |Standard cycle (SC) for C/3 capacity determination -10°C
23 |Thermal equilibration RT
24 | Stgmdardcycte{SE) RF
25 |Thermal equilibration -10 °G
26 |Top off charge -10°C
27 | Pulse power characterization +10 °C
28 |Theérmal equilibration RT
29 |Stgndard cycle (SC) RT
30 |[Continue with step 9 RT
7.10.2.2.1)3 Test profiles for cycle life test
Y
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20 ] ] ]
0
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r 2
-40
-60
0 60 120 180 240 300 360 X
Key
X time [s] 1 discharge
Y fraction of Pmax [%] 2 charge
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Figure 9 — Profile for cycle life test — Dynamic discharge power profile A
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Table 30 — Time and power data — Dynamic discharge power profile A

Step Time increment Time cumulative Fraction of max. power

[s] [s] [%]

1 16 16 0

2 28 44 +12,5

3 12 56 +25

4 8 64 -12,5

5 16 80 0

6 24 104 12,5 O

7 12 116 25 O\

8 8 124 -12,5.V

9 16 140 Rad

10 24 164 D125

11 12 176 NV s

12 8 184 N -12,5

13 16 200 <N 0

14 36 236 < +12,5

15 8 ) +100

16 24 268 O +62,5

17 8 276 7 -25

18 32 308" +25

19 8 1816 -50

20 44 v 360 0

resistance test as described in 7.3 a i
agrged on a reduction of this power(value.
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Figure 10 — Profile for cycle life test — Dynamic discharge power profile B

Table 31 — Time and power data — Dynamic discharge power profile B

360 420 480 X

Step Time increment Time cumulative Fraction of max. power
[s] [s] [%]
1 16 16 0
2 28 44 +12,5
3 12 56 +25
4 8 64 -12,5
5 16 80 0
6 24 104 +12,5
7 12 116 +25
8 8 124 -12,5
9 16 140 0
10 24 164 +12,5
11 12 176 +25
12 8 184 -12,5
13 16 200 0
14 36 236 +12,5
15 8 244 +100
16 120 364 +62,5
17 8 372 -25
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Table 31 (continued)
Step Time increment Time cumulative Fraction of max. power
[s] [s] (%]
18 32 404 +25
19 8 412 -50
20 44 456 0

In this profile, the max. power shall be the power value P1¢s,dch, measured in the power and internal
resistance test as described in 7.3 at RT, 35 % SOC and ¢t = 10 s unless customer and su

plier have

agr

7.1

7.1

7.1

Dur
ten
If
the

The
des
the
whyd
12.

The
for
cha
plu
dur]
be
Sys
the

ped on a reduction of this power value.

).2.2.1.4 Conditions
Ambient: start at RT in a temperature chamber with adequate safety equipnient.

Designated (or comparable) battery cooling system shall operate.

voltage limits as specified by the supplier. The current has to be reduced automatically t
electrical and functional operation.

).2.2.2 Battery systems for charge-depleting followed by charge-sustaining applica

).2.2.2.1 Preparation

perature range between RT and 40 °C (i.e. RT/during rest periods, certainly higher during
bquested by the supplier, additional rest periods can be placed between the cycles in or
DUT within the designated temperature-range.

cycle test is performed by combining the power profile cycling for charge-depleting app

charge amount is slightly lafger than the discharge amount, and a “plug-in discharge-r
re the discharge amount iS'slightly larger than the charge amount, as shown in Figure 11
Their data are shown ir Table 33 and Table 34 accordingly.

cycle test shall bé-started from the upper limit of SOC by performing the power pro
charge-depleting-applications as described in 7.10.2.2.1 until SOC reaches the lower li
'ge-depleting,operation of 30 % SOC or as specified by the customer, followed by a seq

em‘shall be charged according to the supplier's recommendation to the upper limit

During cycling, the DUT electronic shall ensure that no cell limits‘will be exceeded, by

cribed in 7.10.2.2.1 and a charge*stistaining cycle composed of a “plug-in charge-rich pro

 achieving
b avoid any

rions

ing the test, it is necessary to maintain the DUT temperature by its cooling equipment within a

pperation).
ler to keep

ications as
file” where
ch profile”

and Figure

file cycling
it for the
nce of the

b-in chargestich current profile and the plug-in discharge-rich current profile. The SOC sving range
ing the c¢harge-sustaining cycling shall be defined by the customer, otherwise the cyclg test shall
berformed between 35 % and 25 % SOC for the following 2 h. Within the next step, fhe battery

SOC with

requirement to maintain the total time for the discharge-charge cycle including a rest tjme for cell

balancing to 8 h. This sequence of dynamic discharge profiles including charging shall be repeated
during the following 28 d. After these cycling activities the capacity and pulse power characterization
tests shall be performed to determine the current status of the battery system. After the performance
testing, the life cycling testing shall be continued until the test has been terminated according to the
specified criteria; see end of test criteria in 7.10.2.2.5

The SOC limit for altering the profiles can be detected by one of the following:

SOC calculated, i.e. by the BCU for a battery system test;
A-h counted by external measurement;

battery voltage upper and lower limit defined by the supplier.
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7.10.2.2.2.2 Test sequence battery system cycle life test for charge-depleting followed by charge-
sustaining applications

Table 32 — Test sequence battery system cycle life test for charge-depleting followed by
charge-sustaining applications

Step Procedure Ambient
temperature
1 Thermal equilibration RT
2 Standard cycle (SC) RT
3 Stgqndard cycle (SC) for C/3 capacity determination RT
4 Thermal equilibration -10°C
5 Top off charge <10°C
6 Stdqndard cycle (SC) for C/3 capacity determination -10°C
7 Thermal equilibration RT
8 Stgqndard cycle (SC) RT
9 Cy¢ling by performing the power profile cycling for charge-depleting applicatiens RT

as flescribed in 7.10.2.2.1 until:
— | SOC 30 % or other lower limit SOC defined by customer is reached

10 Cy¢ling by the plug-in charge-rich current profile until: RT
— | SOC 35 % or other upper limit SOC defined by customer
— | Battery voltage reaches upper limit defined by the supplier

11 Cy¢ling by the plug-in discharge-rich current profile ungil: RT
— | SOC 25 % or other lower limit SOC defined by the-customer

— | Battery voltage reaches lower limit defined by:the supplier
12 Repeat steps 10 to 11 for 2 h
13 Chjirge to 100 % SOC as defined by the supplier with the following requirements: RT

— | Charging including cell balancing activities and rest time shall be finished at
leakt 8 h after starting the cycling With step 9

14 Repeat steps 9 to 13 for a total'of)28 d

15 Thermal equilibration RT
16 Stgndard cycle (SC) RT
17 Stgndard cycle (SC)-for'C/3 capacity determination RT
18 Thermal equilibfation RT
19 Top off charge RT
20 Pulse power characterization RT
21 Stgndard'charge (SCH) RT
22 Every8-weekseontinte-with-step23;otherwise-withstep9

23 Thermal equilibration -10°C
24 Top off charge -10°C
25 Standard cycle (SC) for C/3 capacity determination -10°C
26 Thermal equilibration RT
27 Standard cycle (SC) RT
28 Thermal equilibration -10°C
29 Top off charge -10°C
30 Pulse power characterization -10°C
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Step Procedure Ambient
temperature
31 Thermal equilibration RT
32 Standard cycle (SC) RT
33 Continue with step 9 RT
7.10.2.2.2.3 Test profiles for cycle life test
¥
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Figure-11— Profile for cycle life test — Plug-in charge-rich current profile
Table 33 — Time and current data — Plug-in charge-rich current profile
Step Time increment Time cumulative Fraction of I'yax
5 s (o]
1 16 16 0
2 28 44 -25
3 12 56 -12,5
4 8 64 -25
5 16 80 0
6 24 104 +12,5
7 12 116 +25
8 8 124 -25
9 16 140 0
10 24 164 +12,5

© ISO 2018 - All rights reserved

57


https://standardsiso.com/api/?name=80b068ae85fdd6115627bce7aa4f63ef

ISO 12405-4:2018(E)

Table 33 (continued)

Step Time increment Time cumulative Fraction of Iiyax
[s] [s] [%]
11 12 176 +25
12 8 184 -12,5
13 16 200 0
14 32 232 -12,5
15 12 244 -25
16 24 268 0
17 8 276 -12,5
18 32 308 0
19 8 316 -50
20 44 360 0
NOTE Because of different time delays and slew rates of various battery testers,which will be used, no
shorter puldes than 5 s are defined.
In this profile, Imax shall be the maximum rated pulse discharge currentdgp max at RT, as specified by
the supplidr, see 7.3.2.
Y
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20 ] mE ]
ASOC = negative -
0
-20 N
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-40
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Figure 12 — Profile for cycle life test — Plug-in discharge-rich current profile
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