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reword

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

For over fifty years, traction batteries for electric vehicles have been developed to achieve high energy
density and high power output. Specifically, lead-acid battery, Ni-Cd battery and Ni-MH battery
with aqueous electrolyte were most applied to electric vehicles in the early days. Thermal activated
batteries, such as molten salt batteries like sodium sulphur battery and Zebra battery were also
examined. Lithium ion battery penetrated the consumer market in portable battery application from
1991. Currently, it is the most promising candidate of traction battery for electric vehicles. ISO 6469-1
specifies safety requlrement of RESS (Rechargeable Energy Storage System) and the ISO 12405
serles has bee ) 3 locu 1ses on

0453 series specifies the test conditions on environment and reliability for electrical and
ipment for the drive system of electric propulsion vehicles. The battery pack or§ystem igthe
electric system which charges and discharges electricity through the converter. The testconditior] for
mechanical load in ISO 19453-3 is too severe to apply to the battery pack or system from’the standppint
of frequenty range and amplitude of vibration in the test input spectrum. The*test conditions| for
climatic load in ISO 19453-4 is also excessive to apply to the battery pack or system, because lithium ion
battery pagk is designed to control temperature within adequate operationalrange. That is the redson
why appropriate conditions for the lithium ion battery are specified in thissdocument.

The purpope of this document is to assist its user in systematically defining and/or applying a sgt of
internationally accepted environmental conditions, tests and operating requirements, which are bgdsed
on the anticipated actual environment in which the equipment will be operated and exposed to during
its life cydle. This document has been developed based on findamental investigations and velicle
measuremgents on voltage class A and B battery pack/system.The following environmental factors Have
been consiflered in the development of the ISO 19453 series.

— Worldgeography and climate

Electric propulsion vehicles are operated in nearly all terrestrial regions of the earth. Signifi¢ant
variation ipn environmental conditions due te@ climatic environment, including diurnal and seas¢nal
cycles, cam therefore be expected. Congideration has been given to worldwide ranges in [the
temperatufe, humidity, precipitation and atmospheric conditions including dust, pollution and altityide.

— Type of electric propulsion vehicle

Operating |environment in an(electric propulsion vehicle can depend on its electric powertfain
architecture as well as its mass$) size, supply voltage and so on. Consideration has been given to typical
types of series production-€lectric propulsion vehicle architectures such as hybrid electric vehigles,
battery electric vehicles)range extender hybrid electric vehicles and fuel cell vehicles, but not including
equipment|specific foi fuel cell system.

— Vehiclg¢ use conditions and operating modes

Environmgntal ‘conditions in and on the vehicle vary significantly with vehicle use (e.g. drivjing,
charging during parking, etc.)- Operating modes, sSuch as startng, driving, braking, Stopping and so
on, have been considered, in particular, for traction battery system.

— Battery durability

For battery system, it is necessary to be resistant to environmental conditions experienced during
manufacture, shipping, handling, storage, vehicle assembly, vehicle usage and vehicle maintenance
and repair.

— Component mass and volume

The mass of battery pack is generally in the range of around 20 kg up to 60 kg for HEV, 80 kg to 150 kg for
PHEV, more than 200 kg for BEV (weight assumptions from year 2020). The battery pack has generally

vi © IS0 2020 - All rights reserved
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a large volume and thermal capacity. It is necessary not only to prepare a large chamber but it will also
take a long time to keep the thermal equivalent when performing a thermal shock test.

Mounting location in the vehicle

HEV battery packs are generally installed inside the vehicle, PHEV battery packs are installed both
outside and inside, and BEV battery packs are generally installed outside. The environmental condition
such as water splashing, dust, salt spray, humidity or corrosion for battery packs installed outside
vehicle interior is more severe than for battery packs installed inside. In this document, test conditions

are

specified according to mounting location.
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rovide the necessary environmental protection.

Applicability to wiring harnesses, cables and electrical connectors

ing harnesses, cables and connectors, its scope is not sufficient‘to'be used as a complet

Applicability to parts or assemblies inside equipment

ISO 19453 series describes environmental conditions and tests to be applied to ele
tronic equipment directly mounted in or on thé.vehicle. It is not intended for direct apj
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he other hand, it is desirable to use the ISO 19453 series to help derive environmental
test requirements for parts and assemblies that are intended for use in road vehicle equ

Applicability relative to system integration and validation
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Road vehicles — Environmental conditions and testing for
electrical and electronic equipment for drive system of
electric propulsion vehicles —

Part 6:
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action battery packsand systems

Scope

5 document specifies requirements for lithium-ion traction battery pdeks or systen
ery electric, hybrid electric and fuel cell electric road vehicles. This dectiment describg
vant environmental stresses and specifies tests and test boundary conditions. This
Iblishes a classification of battery packs or systems and defines _different stress levels
n a classification is applicable and required. The objective of this'document is to specif]
procedures and conditions to enable the observation of the reliability of the lithium-i
ery in the vehicle.

5 document specifies tests for a battery pack or system.ef voltage class A and B.

5 document provides the necessary information to’set up a dedicated test plan for a bz
ystem subject to agreement between the customer and supplier. If required, the re
redures and/or test conditions can also be selécted from this document.

E This document only covers requiremeiits and test conditions for a traction battery pac

usedl in passenger cars.
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Normative references

following documents arg yeferred to in the text in such a way that some or all of th
Stitutes requirements 6f this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

6469-3, Electrically propelled road vehicles — Safety specifications — Part 3: Electrical saff

6469-3:2018/Amd 1, Electrically propelled road vehicles — Safety specifications — Part 3
ty — Amendment 1: Withstand voltage test for electric power sources

9227, €orrosion tests in artificial atmospheres — Salt spray tests

s used in
s the most
document
for testing
y standard
bn traction

ttery pack
levant test

k or system

bir content
pplies. For
[s) applies.

ety

: Electrical

19453-1, Road vehicles — Environmental conditions and testing for electrical and electroni

equipment

for drive system of electric propulsion vehicles — Part 1: General

ISO 19453-4, Road vehicles — Environmental conditions and testing for electrical and electronic equipment
for drive system of electric propulsion vehicles — Part 4: Climatic loads

ISO 19453-5, Road vehicles — Environmental conditions and testing for electrical and electronic equipment
for drive system of electric propulsion vehicles — Part 5: Chemical loads

[SO 20653, Road vehicles — Degrees of protection (IP code) — Protection of electrical equipment against
foreign objects, water and access

IEC
IEC

©IS

60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock
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IEC 60068-2-38, Environmental testing — Part 2-38: Tests — Test Z/AD: Composite temperature/humidity
cyclic test

IEC 60068-2-60, Environmental testing — Part 2-60: Tests — Test Ke: Flowing mixed gas corrosion test

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

3 Terms and definitions

F h el | dode] . PR S DRI . . 110402 4 ICA N D | h
or t e pu PUSTS ULUILS UULUITITIIL, THT LTS dllU UCTTIIILIUILS SIVEINIIT ToU 1770071, 10U 4UUJO dlll t e

following dpply.

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

122}

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

— IEC Elgctropedia: available at http://www.electropedia.org/

31

BMS
battery mpnagement system
electronic pystem that controls, manages, detects or calculates electti¢ and thermal functions of|the
battery pakk or system and that provides communication between\the battery pack or system pnd
other vehigle controllers

3.2
electric chassis
conductive parts of a vehicle that are electrically connected and whose potential is taken as referenfce

3.3

ITCS
internal t¢mperature control system
internal thermal management system of a battery pack or system that can heat or cool the battery pack
or system {o a target temperature determined by the BMS (3.1)

EXAMPLE Liquid based heating/cooling system.

3.4
main contpctor
electronic pr mechanic switching/disconnect device for the battery pack or system main power supply
live part (315)

3.5
main power supplylive part
conductor pr econductive part intended to be energized in normal use, but by convention not the eledtric
chassis (3.3)¢y the class A auxiliary voltage supply

3.6

MAST

multiaxial simulation table

multiaxial system to induce vibrations or shocks in all three axial dimensions to the DUT

3.7

PSD

power spectral density

measure of signal's power content versus frequency

Note 1 to entry: A PSD is typically used to characterize broadband random signals. The amplitude of the PSD is
normalized by the spectral resolution employed to digitize the signal.
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3.8

rated capacity

total number of ampere-hours that can be withdrawn from a fully charged battery pack or system
under test conditions defined by the battery pack or system manufacturer

3.9

technical tightness

inherent characteristic of a system that prevent fluids, gases or dusts from passing from the external to
the internal environment or from the internal to the external environment, or both

4 |[Symbols and abbreviated terms

4.1l Symbols

1C One-hour charge or discharge rate for the rated battery pack or system capacit]y.

C/3 Three-hour charge or discharge rate for the rated battery pack.or system capagity.

RT Room temperature value as defined in ISO 19453-1.

S04 .« Maximum state of charge of a battery pack or system'specified by the manufacfurer.

S04,,in Minimum state of charge of a battery pack or systém specified by the manufacturer.

ten Duration with an electrical current charging'the battery pack or system.

tdchl Duration with an electrical current discharging the battery pack or system.

T.mb Ambient temperature of a climate/temperature chamber

Tirds Temperature of the internal temperature control system, for example liquid coplant, of a
battery pack or system.

T2k Highest ambient temperature of a battery pack or system specified by the manpfacturer
(e.g. storage).

T" b Maximum temperature by electric operation, can be lower than T,

Tak put Highest-opérating temperature of a battery pack or system specified by the mapufacturer.

Thak 1Tcs Highest temperature at which an internal temperature control system, for example liquid
coelant, of a battery pack or system can be used. Specified by the manufacturer.

Tl Lowest ambient temperature of a battery pack or system specified by the mangifacturer
(e.g. storage).

T im LCow temperature, allows large currents, can be higher than I,

Tin, DUT Lowest operating temperature of a battery pack or system specified by the manufacturer.

Thin,iTCS Lowest temperature at which an internal temperature control system, for example liquid
coolant, of a battery pack or system can be used. Specified by the manufacturer.

X-axis Vehicle driving direction.

Y-axis Perpendicular to vehicle driving direction and vertical axis.

Z-axis Vertical axis.

© IS0 2020 - All rights reserved 3
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4.2 Abbreviated terms

Ccc/cv Constant current /constant voltage

DOF Degrees of freedom

DUT Device ur_lder test. Referring to battery pack or system used for electrically propelled
road vehicles

ITCS Internal temperature control system

s0C State of charge. Available capacity in a battery pack or system expressed as a percentdge

of rated capacity

5 Operating modes

5.1 General
An overviegw of the DUT operating modes according to this document is givertin Table 1.

Operating modes defined in ISO 19453-1 cannot be applied because modes that are more specific|are
required f@r a battery pack or system.

Operation pf the battery pack or system with autonomous functions, for example cell voltage balanding,
in any of tHe operating modes shall be agreed between customér.and supplier.

Table 1 — DUT operating modes

Operating | Class A auxilia- BMS Main contactor | Electrical op- Internal tem-
mode ry voltage eration of main | perature C(EI:-
power supply trol syste
live part
5.1 Unsupplied Non-operational Open No Deactivated
5.2 Unsupplied Non-operational Open No Deactivated
6.1 Supplied Non-operational Open No Deactivated
6.2 Supplied Operational Open No Deactivated
6.3 Supplied Operational Closed No Deactivated
7.1 Supplied Operational Closed Yes Deactivated
7.2 Supplied Operational Closed Yes Activated
NOTE 1 Auxiliary voltageiclass A according to ISO 12405-4 refers to the voltage supply of the BMS with U, or Uy as defined
in ISO 19453-1.
NOTE 2 Th¢ differénce between operating mode 5.1 and 5.2 is the presence of the wiring harness and the connection tf all
interfaces.

NOTE 3 The difference between operating mode 7.1 and 7.2 is that in operating mode 7.2 an ITCS is required due to self-
heating effects caused by system activation.

NOTE 4 The conditions for an activated ITCS are set and controlled by the BMS regarding the thermal
management strategy and the operational limits of the battery pack or system. If the ITCS is deactivated, it has no function.
With deactivated ITCS, safety measures to limit the DUT temperature are still allowed at any time.

If the electronic control unit of a battery pack or system cannot provide the necessary BMS functionality,
appropriate additional electric and/or electronic controllers to provide BMS functionality may be used
in agreement between customer and supplier.

If the DUT has an internal temperature control system, the thermal management system and the
corresponding conditioning loop at the test bench equipment shall be operational according to the
given test specifications and controlled by the BMS. For the requested test procedure, the thermal
management strategy and operational limits of the DUT shall be met.

4 © IS0 2020 - All rights reserved
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Some test methods in this document require intended temperature settings for the ITCS beyond the
thermal management strategy of the DUT controlled by the BMS. For these test procedures the thermal
management system and conditioning loop at the test bench equipment is controlled externally by
the test equipment according to the test specifications but within the battery system operational and
safety limits.

If a liquid based internal temperature control system is used in the battery pack, the liquid circulating
system shall be filled with the intended liquid (heat transfer medium) of the nominal volume and
pressure. Up until operating mode 6.3 without use of the temperature control system, the openings
can be sealed accordingly. If the fluid system is operated, the nominal flow rate as specified by the

ma

ufacturer should be used

NOT

NOT
cont

5.2

No

5.3

Thd
wit
but

E1  For further information on the preparation of the DUT for testing, see ISO 12405-4:2018;

E2 Pressure compensating devices can be needed for testing with liquid based dniternal t
rol systems.

Operating mode 5
external voltages are applied to the DUT. The main contactor, if present, shall be opened.
Operating mode 5.1

— Not connected to wiring harness or any electrical ifiterconnections or interfaces.
caps for the electrical interconnections and interfacés can be present.

Operating mode 5.2

— Connected to wiring harness including all electrical interconnections and interfaces
vehicle installation.

Operating mode 6

DUT with all electrical connections made and connected to all interfaces is electricall
h class A auxiliary supply voltage-Uy as defined in ISO 19453-1, as in a vehicle with shut

without operating load for the main power supply live part of the battery pack or systen.

Operating mode 6.1

— BMS functions’are not operational, no communication.
— Battery packor system shall be without electric operation (e.g. charging, dischargin
— Main.contactor, if present, shall be opened.

Operating mode 6.2

b.4.

emperature

Protective

simulating

y operated
off engine,

g)-

—) BMS shall be fully operational according to the test specification.

— Battery pack or system shall be without electric operation (e.g. charging, discharging).

— Main contactor, if present, shall be opened.
Operating mode 6.3

— BMS shall be fully operational according to the test specification.

— Battery pack or system shall be without electric operation (e.g. charging, discharging).

— Main contactor, if present, shall be closed.

© IS0 2020 - All rights reserved
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5.4 Operating mode 7

The DUT with all electrical connections made and connected to all interfaces is electrically operated
with class A auxiliary voltage Uy as defined in ISO 19453-1 and with auxiliary machines, for example
cooling system etc. The main contactor, if present, shall be closed.

— Operating mode 7.1
— BMS shall be fully operational according to the test specification.

— Battery pack or system with control in an electrical operating mode in which, if present, the
ITESTsTIotoperatiomat:

— Operating mode 7.2
— BNMIS shall be fully operational according to the test specification.

— Battery pack or system shall be within control in a typical electrical operating-mode, in which
if needed, the ITCS is operational.

6 Functional status classification

Functionallstatus classification is as defined in ISO 19453-1.

The verifi¢ation of the required functional status takes place.by. means of continuous paramgter
monitoring or a parameter test.

Relevant cgntrol and test signals should be logged with sufficient resolution. Battery cycler and clinpate
chamber dpta should be monitored

7 Functional status checks
7.1 Electrical requirements check

7.1.1 Geperal

The tests described below are jintended to ensure the insulation performance of the basic insulafion
measure of a voltage class B batter'y pack or system after completing environmental tests. The described
tests shall pe performed attheend of a sequence of environmental tests. If only a single environmeptal
test is perfprmed, they shall'be performed afterwards.

NOTE 1 erformingthe test sequence of an insulation resistance test followed by a withstand voltage testland
finally a secpnd insulation resistance test allows to determine whether the applied voltage level of the withsfand
voltage testlhad ajpermanent degrading effect on the insulation or not.

NOTE 2 Ithough not required for a voltage class A battery pack or system, the tests described in this seqtion
can technically also be applied to a voltage class A component, if applicable.

7.1.2 Equipotential bonding

This test ensures the required electrical resistances for equipotential bonding of conductively
connected parts of the DUT. In particular as requirement for 7.1.3 and 7.1.4.

The equipotential bonding test shall be performed in accordance with ISO 6469-3.

The electrical resistance value shall meet the requirements of ISO 6469-3

6 © IS0 2020 - All rights reserved
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3 Insulation resistance

This test measures the resistance value between main power supply live part and conductive parts of

the

DUT.

The insulation resistance test shall be performed in accordance with ISO 6469-3.

The insulation resistance value shall meet the requirements of ISO 6469-3.

7.1.

4 Withstand voltage test

Thi
ins
pro
The

The

7.2

7.2

The
acc

The
spe
crit]

NOTI
EN

Thd

test ensures the dielectric withstand voltage capability and detects pre-damaged-p
lation measure and weak points in the design, for example by conductive particles origi]
Huction or rework, that could result in a failure of the insulation measure at later stages.

withstand voltage test shall be performed in accordance with ISO 6469-3:2018/Amd 1.
requirements of ISO 6469-3:2018/Amd 1 shall be met.

Mechanical requirements check

1 Technical tightness check of battery pack or system enclosure

purpose of this test is to verify the technical tightness of the battery pack or systen
rding to the desired degree of protection.

method to check the technical tightness of the &vaction battery pack or system encl
rified degrees of protection in accordance with 1SO 20653 via non-destructive tests and
eria shall be agreed between customer and supplier.

E Non-destructive leak test techniques, are listed in ISO 20653 or EN 1779. EN 13184, EN
| 593 support the implementation of technigties according to EN 1779.

test method shall describe at least.following items:
technique used;

pre-condition(s) (e.g. réquired room temperature, required acclimation time of the DI
temperature, condition.of pressure compensation device);

action(s);
post conditioh(s);
pass criteria;

dotumentation content in test report;

hrts of the
ating from

enclosure

bsure with
hcceptance

13185 and

I'T at room

7.2.

equipment.

2 Leak tightness check of internal temperature control system

The purpose of this test is to verify the leak tightness of the ITCS of the battery pack or system. The test
shall only be performed if the DUT has a liquid medium for the ITCS, for example internal or external
cooling-circuit.

The method for the leak test of the ITCS shall be agreed between customer and supplier.
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The acceptance criteria shall be agreed between customer and supplier in order to satisfy the design
requirement.

NOTE1 This test can be performed with a pressure loss test, pressure difference, leakage volume or in
accordance with EN 1779:1999, Annex A using a tracer gas in conjunction with a leak detector.

NOTE 2  An exemplary description a leak tightness check is given in Annex A.

8 Tests and requirements

8.1 Mechanical categories of battery packs or systems

Traction battery packs or systems for electric vehicles have a wide range of sizes and masses’as yell
as a variety of mounting locations in the vehicle. Linked to these parameters is the strength.of vellicle
and DUT interaction, such as torsional forces. Taking all these factors into account, battery packp or
systems shiall be divided into three categories, as shown in Figure 1.

Category 1 and 2 Category 3

/\

et

==| mounting points

]| DUT (battery pack or system) \ s

Figure 1 — Example of mechanical categorization and mounting locations

NOTE1  The categorizatiemraccording to mass is only meant as a rough guideline. An individual decision for a
specific appllication which category is applicable can be made between customer and supplier, preferably bgsed
on vehicle njeasurements.or simulations conducted by the customer.

ody
Cies,
k or

8.1.1 Category1

This category is characterized by:

— local mounting in the vehicle (point-load);

— stiffness of vehicle body has no impact on DUT;

— no significant dynamic interaction of the DUT with the vehicle chassis;

— typical DUT mass <20 kg.
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8.1.2 Category 2

This category is characterized by:

— local mounting in the vehicle (point-load);

— stiffness of vehicle body has secondary impact on DUT;

— low dynamic interaction of the DUT with the vehicle chassis;

— typical DUT mass >20 kg.

8.

Thip category is characterized by:

— |large area mounting in the vehicle with different loads at different points of DUT;
— |[stiffness of vehicle body has primary impact on DUT;

— |interaction with the vehicle chassis and dynamic stiffness;

— |DUT can be part of the carrying vehicle structure (structurally-integrated).

8.

8.

The pre-conditioning is performed before a test to,stabilize the DUT from mechanical strain
iced by the assembly process. If the same ®UT is used in several tests, pre-conditionjing is only
performed once.

ind

Whether pre-conditioning is necessary-or riot depends on the battery pack or system desig
be dgreed between customer and suppliér (see Table 2).

1/3 Category 3

2[ Pre-conditioning

21 General

Table 2 — Applicability of pre-conditioning

and stress

h and shall

Test Thermal pre-conditioning Electrical pre-conditioning
8.3|Thermal cycling tests N/A N/A
8.4|Structural durability:and Mandatory Mandatory
stréngth tests
8.5|Water protection Recommended N/A
8.6|Dust protedtion Recommended N/A
8.7|Humid,heat condensation test Recommended N/A
8.8|Damp heat, steady state test Recommended N/A
8.9.ZMixed gas corrosion Recommended N/&
8.9.3 Salt-spray test for external Recommended N/A
mounting location
8.9.4 Salt corrosion test for internal Recommended N/A
mounting location
8.10 Chemical resistance Recommended N/A
N/A =not applicable.

NOTE1 Pre-conditioning is not intended to be a lifetime equivalent test.

NOTE 2

©
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8.2.2 Th

ermo-mechanical pre-conditioning

A thermo-mechanical pre-conditioning shall be performed by both thermal cycling and electrical
operation, respectively.

NOTE

The thermal and electrical pre-conditioning can be combined into a single test procedure.

8.2.2.1 Thermal pre-conditioning

Thermal pre-conditioning shall be performed as defined in 8.3.2 or 8.3.3 with at least four thermal
cycles. The pre-conditioning clause depends on whether the battery pack or system has an internal

temperatu

8.2.2.2 H

The electri
customer a
in accordal

NOTE
shrinking.

)i

8.3 The

8.3.1 Ge|

The purpo
Out of the
system (if

The DUT t
internal se
modules. M
the deternj
agreed by

Thermal c)
the target
time. Ther
conditions
to the targ
ensure the
necessary
the thermg
between c

e control system or not.

lectrical pre-conditioning

c load profile for the electrical pre-conditioning shall be determined by agreement between
nd supplier. An application specific load profile (drive cycle) or the electricabpre-conditioning
ice with ISO 12405-4 should be used.

lectrical operation with an SOC change creates mechanical stress dué_to“battery cell swellinlg or

'mal cycling tests

neral

be of these tests is to verify the reliability of the DUT with respect to changes in temperatpre.
following tests, only the tests suitable for the DUT and its internal temperature conitrol
pbresent) shall be performed.

The
5 Or

for
hod

bmperature shall be measured via the«internal sensors and is determined by the BMS.
nsors shall measure the temperature-at designated positions, for example on the cell
[easurement points are not on the'surface of battery pack outer casing. If no BMS is used
ination of the DUT temperature;the DUT temperature shall be determined by the met
fustomer and supplier.

bcles shall be performed in accordance with IEC 60068-2-14, Test Nb. The exposure timfe at
temperature is the sunr of the duration required for the thermal stabilization and a dyvell
mal stabilization.0f)the DUT exposed to constant ambient temperature under operafing
specified by tests)can be terminated when the DUT temperature reaches the range of 42 K
et temperaturewalue. An additional dwell time at the defined conditions shall be addefl to
rmal equilibrium throughout the DUT. Preliminary test shall be performed to determine|the
dwell titne) for example 60 min. If the time for thermal stabilization of the DUT is kn
| stabilization and dwell time, for example ¢, and ¢, in Table 3 and Table 4, can be agieed
Istomer and supplier as fix values. The temperature change rate shall be agreed between

customer 4

nd-supplier based on IEC 60068-2-14.

NOTE

These tests are not intended to be lifetime equivalent tests. For product reliability according to

the Coffin-Manson model either an application specific number of thermal cycles is required or critical design

elements ca

n be tested on module or sub-system level. An example is given in ISO 19453-1:2018, Annex B.

8.3.2 Thermal cycling for DUT without internal temperature control system

8.3.2.1 Purpose

This test checks the DUT for malfunctions and/or cracks and breakage caused by temperature gradients
from ambient surroundings.

10
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2 Test

Temperature cycling is performed according to 8.3.1.

Operating mode 6.2 shall be used.

ISO 19453-6:2020(E)

The SOC of the battery pack or system shall be set to the value known to cause the highest level of stress
in conjunction with a thermo-mechanical load, typically SOC,,,,.

Perform at least five temperature cycles of the temperature profile of Figure 2 between T,

inand T, .. in

the ambient temperature. Temperature change of the DUT depends on the ambient environment.

Y
T ——
max / \
RT \
\ ~
— —
T min —
t, ty ts t, ts X
t C
Key
X time
Y temperature
T i minimum ambient temperature
Tha maximum ambient temperdture
RT room temperature
t. one cycle
ty, t}, t3, ty, ts  time parameter (in-accordance with Table 3)
PR — chamber temperature
R S exemplary DUT temperature behaviour
Figure 2 — Temperature over time
Table 3 — Temperature over time
Parameter Duration Temperature
t As agreed From RT to T,
ty Thermal stabilization and dwell time Tin
defined in 8.3.1
t3 As agreed From T, to T«
ty Thermal stabilization and dwell time T ax
defined in 8.3.1
ts As agreed From T,,,, to RT
NOTE The time steps t; and t; can be considered a single time step that is equivalent to the time step ¢t; The intention of
the separation in ¢; and ¢ is to have the start and end of the temperature cycle at RT.

© IS0 2020 - All rights reserved
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8.3.2.3 Requirements

Malfunction and/or breakage shall not occur. Functional status shall be class A as defined in ISO 19453-1.

8.3.3 Thermal cycling for DUT with internal temperature control system

8.3.3.1 Purpose

This test checks the DUT for malfunctions and/or cracks and breakage caused by temperature gradients
if an internal temperature control system is present. There are different technical realizations for

ITCSs, for
customer

8.3.3.2
Temperat
Operating

The SOC of
with a ther

Perform at
Figure 3 us
control sha
chamber a

For this te
externally,

In case T
determine

nd supplier.

est

re cycling is performed according to 8.3.1.
mode 6.2 shall be used.

the battery shall be set to the value known to cause the highest leve) of stress in conjunc
mo-mechanical load, typically SOC,,,..

least five temperature cycles between T, Tiin rrcs a0V a0 Thax, 1Tsc as illustrate
ing both the ambient temperature and the internal température control system. Temperat
1l be conducted by combination via the ambient temperature control system of thermal

nd the internal temperature control system of the DUT:

Kt, the internal temperature control system shall be operational with the temperature
not by the BMS.

«tcs and T ypcs are different from Ty, and T,

"hine the test condition shall be specifie
| between the customer and supplier,

een

Fion

1 in
ure
test

set

1 or

12
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Y
T max
Tmax, ITCS ~
/ \
/ \
/2
RT / \
T \in, 11Cs \ — N —
t, t, ts ts to K
tC
Key]
X time
Y temperature
T in minimum ambient temperature
Tinid 11cs minimum temperature of the internal temperature control system
Tha maximum ambient temperature
Ty 17Cs maximum temperature of the internal temperatuxe control system
RT room temperature
t. one cycle

ty, t}, t3, ty, tz  time parameter (in accordance with Table 4)
chamber temperature

exemplary DUT temperature behaviour

Figure 3 — Temperature over time

Table 4 — Temperature over time

Parameter Duration Temperature
£y As agreed From RT to T,
ty Thermal stabilization and dwell time T in
defined in 8.3.1
tq As agreed From T, ;, to Ty .,
ty Thermal stabilization and dwell time Thax
defined in 8.3.1
ts Asagreed FromrftoRT
NOTE The time steps t; and t; can be considered a single time step that is equivalent to the time step t; The intention of
the separation in t; and t5 is to have the start and end of the temperature cycle at RT.

8.3.3.3 Requirements

Malfunction and/or breakage shall not occur. Functional status shall be class A as defined in ISO 19453-1.

© IS0 2020 - All rights reserved 13
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8.3.4 The

rmal cycling with electric operation

8.3.4.1 Purpose

This test checks the DUT for malfunctions and/or cracks and breakage caused by temperature gradients
or temperature cycles of joint elements with a different coefficient of thermal expansion arising from
electrical operation of the battery cells. A failure mechanism is, for example, thermo-mechanical stress
due to Joule heating of resistive parts in the electrical current path, such as cell connectors, bus bars, etc.

For a battery pack or system where for a drive cycle an average low heat dissipation is expected, the

applicabili

Temperat
Operating

Perform af]
with the D

The D
tempe

After {
mode

Afterr

The tempe
with the hi

The electr
between cy
of the DUT

The heat g
current an
the SOC an
to allow a
and disch

ghest available derated power output of the\battery pack or system determined by the BM

aI[:lge direction is degessible simultaneously.

re cycling is performed according to 8.3.1.

mode 6.2 and 7.2 shall be used.

least five temperature cycles with electrical load within the main-power supply live |
UT initially set to the target T",;,,, as illustrated in Figure 4.
DT shall be cooled to the target temperature T*,; in operating mode 6.2. The amb
rature is kept at 7", ;, for the complete test.

he DUT has reached the target temperature T* . the ‘electrical dissipation in opera
7.2 shall be used to heat the DUT to a stable thermal state of T", ...

paching thermal stable conditions operating mod&6.2 shall be used to re-cool the DUT to T

rature T" ., is determined with respect to the DUT specification to be able to operate the |

min

c load profile for the main power supply live part in operating mode 7.2 shall be agy
istomer and supplier. The electricload profile should include charge and discharge cur
An example of a test scheme is given in Annex D.

enerated within the current path is correlated to both the absolute value of the eled
l the series resistances along the current path of the DUT. To maximize the thermal load, &
 the temperature T 'z, -0f the DUT shall be chosen with respect to the system specificat
aximum of electric¢urrent. Ideally, the maximum electric current value for both the chz

pbart

lent

[ing

min*

DUT
S.

eed
fent

tric
oth
ons
rge
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Y
T max
T* rat
max / \ / \\ / \\
RT / \ / \ / \
/ \ / ‘\ / N
N[ |/ . / ./ \
N No N N
T* min -
T min
X
ty t3 ty t3 ty t3 ty
t, t,

Key
X time
Y temperature
Thi minimum ambient temperature
Tha maximum ambient temperature
. low temperature, allows large currents, can be higher than T,
Ty maximum temperature by electric operation, can be lower than T,,,,

one cycle
,t3 ty  time parameter (in accordancé.with Table 5)
chamber temperature

exemplary DUT temperature behaviour in phases with and without electrical operation

Operating mode 6.2.

iz i,
2

Operating mode’7.2.
Figure 4 — Temperature over time
Table 5 — Temperature over time
Parameter Duration Temperature Electrical operatipn of main
power supply live part
ty As agreed FromRT to T",;, No
ty Thermal stabilization and T in No
dwell time defined in 8.3.1
ts Thermal stabilization as T minup to T" Yes
agreed
ty Thermal stabilization and From T* .. to T" in No
dwell time defined in 8.3.1
NOTE Time step t; ensures thermal equilibration of the DUT.

NOTE1 If the DUT is not equipped with an internal temperature control system and its mounting location is
within the passenger or luggage compartment, RT can be used as T",;, value.
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NOTE 2  Ifthe DUT is equipped with an internal active temperature control system, the operating temperature

as specified by manufacturer can be used as T*
the battery cells.

min’

8.3.4.3 Requirements

Malfunction and/or breakage shall not occur. Functional status shall be class A as defined in ISO 1945

8.4 Structural durability and strength tests

as this typically guarantees optimal operating conditions for

3-1.

8.4.1 General

The tests fpr the structural durability and strength consist of three parts and shall be performed v
the same DUT in the following sequential order or as agreed between customer and suppliet:

— pre-conditioning;
— durability test;
— mechajnical shock.

Interlocking mechanical shock tests during the durability test schediile is permitted as follg
Durability fest in X-axis followed by mechanical shocks in X-axis and sithilar sequence for Y- and Z-3

Performing half the required number of shocks before and remaining half after the durability tes{
also permifted.

NOTE It can be valuable to measure the resonance frequency change by conducting a resonance sw

with sinusofdal excitation in accordance with IEC 60068-2-6 before and after each tested axis of the struct
durability apd strength test.

8.4.2 Fixture

The whole|battery pack or system is mounted on a base plate according to the mounting location
orientatior] in the vehicle.

The type of fixture and mounting equipment of Table 6 shall be used, depending on the category of]
battery pag¢k or system according to.8.1.

vith

WS.

Xis.

feep
ural

and

the
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Table 6 — Fixture type for structural durability and strength test depending on DUT category

Battery pack or system category Fixture type

1 Rigid mounting on the base plate

As agreed between customer and supplier:
rigid mounting on the base plate
2 or

vehicle mounting equipment, such as carrying frame or brackets, according
to the given drawing instructions by the manufacturer

Vehicle mounting equipment, such as carrying frame or bracket$, according
to the given drawing instructions by the manufacturer

8.4]3 Pre-conditioning for mechanical tests
The thermo-mechanical pre-conditioning described in 8.2.2 shall be performed.

The pre-conditioning can be performed on a separate test equipment.
8.4}4 Durability test

8.4/4.1 Purpose

Thif test checks the DUT for malfunctions and/or breakage caused by vibration.

8.4/4.2 General

Subject the DUT during the durability test to@ random vibrational load in combination|with both
thermal cycling according to 8.4.4.4 and electrical operation according to 8.4.4.5.

In the vehicle, vibration stress occurs\in combination with different SOC states of the|battery in
addjition to the combination of low or'high temperatures. With different SOC values a changg in volume
of the battery cells can generally oCcur. The interaction between electro-mechanical and thermo-
mec¢hanical strain is included in'the test. The main failure to be identified by this test is breakage due
to fhtigue, for example a battery cell or a part of a system/component which loosens or soffens due to
thehigh temperature and/orby electrical operation and cannot withstand the vibration load under this
confdition.

8.4/4.3 Mechanical load

The type of durability test and type of load signal in Table 7 depends on the category of the battery pack
or slystem.aecording to 8.1.

The duarability test shall be performed in all three mutually perpendicular axes of the PUT in the
sequential order X, Y and Z-axes or as agreed between customer and supplier, with fhe control
parameters listed in Table 8.

Vehicle specific PSD profiles may be used for category 1 and 2 as alternative to the PSD profiles specified
below. For category 3, vehicle specific profiles are required. In case of using vehicle specific profiles,
test duration shall be determined in agreement between customer and supplier.

Durability tests with additional loads according to design, for example suspension forces, may be
required if DUT is a part of the carrying structure of the vehicle. For testing of additional loads, see
Annex B.

NOTE The test conditions of the PSD load spectrum and test duration can be adjusted according to the
Basquin model. For an explanation, see ISO 19453-3:2018, A.6.

© IS0 2020 - All rights reserved 17
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Table 7 — Mechanical load

or

vehicle specific profiles

Category 1 Category 2 Category 3
Test method Uniaxial shakerin X, Y, Z-di- |Uniaxial shakerinX,Y, Z- Uniaxial shakerinX, Y, Z-
rection direction direction
or or
MAST MAST
Additional loads, including
but not limited to torsion and
[ hpndihg iF'nnmaccnry
Test profille PSD profiles for category 1 PSD profiles for category 2 Vehicle specific profiles‘and

or

vehicle specific profiles

testing time

or

%)

vehicle specifictime signa

Table 8 — Control parameters for random vibration test

Statistical POF

Minimum 120

Minimum ffequency resolution

(1,25 + 0,25)Hz

Sigma limiting 36
Warning lithits +3'dB
Abort limitp +6dB

NOTE Sigma limiting avoids out of band excitations, which can occur when using ‘harder’ sigma clipping. Sigma limifing
is a ‘softer’ fprm of sigma clipping.

8.4.4.3.1

Vibrational load profile for category 1

The test shall be performed in accordance with IE€ 60068-2-64. Use a duration of 40 h for each ax|s of

the DUT.

The rms adceleration values for the three primary axes are:

— X:7,25m/s?;
— Y:9,54m/s?;

— Z:11,1p m/s2.

The PSD vdrsus frequency is illustrated in Figure 5 with values defined in Table 9 to Table 11.

18
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Y
10
AN
1 //’ \‘\
2 NN
\\ i :\. !
NS
01 NS,
AN
AN
0
1 10 100 1000X
Key]
X frequency [Hz]
Y PSD [(m/s?)2/Hz]
—e— curve for X-axis (in accordance with Table 9)
...... |-  curve for Y-axis (in accordance with Table 10)
——e-— curve for Z-axis (in accordance with Table 11)

Figure 5 — PSD of acceleration versus frequency

Table 9 — Values of PSP’and frequency for the X-axis

Frequency PSD
[Hz) [(m/s?)2/Hz]
5 0,741
10 1,790
20 1,790
200 0,012 0

Table 10 — Values of

PSD and frequency for the Y-axis

Frequency PSD
[Hz] [(m/s*)?/Hz]
5 2,377
20 2,377
200 0,0500

Table 11 — Values of PSD and frequency for the Z-axis

Frequency PSD
[Hz] [(m/s*)?/Hz]

5 2,983

10 3,580

20 3,580

200 0,050

© IS0 2020 - All rights reserved
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8.4.4.3.2 Vibrational load profile for category 2

The test shall be performed in accordance with [EC 60068-2-64. Use a duration of 40 h for each axis of

the DUT.

The rms acceleration values for the three primary axes are:

— X:4,01 m/s%
— Y:4,25m/s?;
— 7:5,19m/s2
The PSD vdrsus frequency is illustrated in Figure 6 with values defined Tables 12 to 14.
Y
10
1 ?a" -
0,1 o @
0,01 ‘%
0,001 i\,
 ;
0,0001
1 10 100 1000 X
Key
X frequency [Hz]
Y PSD [(m/s2)2/Hz]
—_—— curve for X-axis (in accordance with Table 12)
...... r— curve for Y-axis (in aceordance with Table 14)
———— curve for Z-axis (in-accordance with Table 14)
Figure 6 — PSD of acceleration versus frequency
Table 12 — Values of PSD and frequency for the X-axis
Frequency PSD
[Hz] [(m/s?)?/Hz]
5 0,098
15 0,968
20 0,601
200 0,0019
20 © IS0 2020 - All rights reserved
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Table 13 — Values of PSD and frequency for the Y-axis

Frequency PSD
[Hz] [(m/s?)?/Hz]
5 0,469
15 0,663
50 0,135
200 0,000 7

Frequency PSD
[Hz] [(m/s?)?/Hz]
5 0,713
10 1,581
15 1,496
200 0,001 64
8.4}4.3.3 Vibrational load profile for category 3
Thetest may be performed as an operation load simulation test based on vehicle measureme
test, the overall mechanical load shall not be below the mechanical load measured in the reg
vehjicle. The verification may be provided by calculation. For this calculation, the damage

Table 14 — Values of

PSD and frequency for the Z-axis

from the mechanical load applied in the test shall belarger than the damage caused by the
loads during vehicle measurements.

NOTE For further explanation for a damage calculation see ISO 19453-3:2018, Annex A.

8.414.4 Thermal cycling

The temperature profile Figure 7 of'and Table 15 shall be superimposed on the vibrational I

For
F

the temperatursg

a battery pack or system with a typical operating temperature T,

Prigr to test start, the,DUT shall be cooled down to T,

min- 1f the necessary cooling time is kno
timg can be used,for example 10 h.

At the target~temperatures of the profiles, a full change in SOC by electrical operation fi
to JOC,, .ok Vice versa should be traversed. Due to derating, the electrical current might
and hencea full charge or discharge may no longer be possible.

Med

hts. For the
| reference
calculated
vibrational

ad cycle of

profile of

igyire 8 and Table 16 caf be used alternatively. The temperature T,y , is specified by the mapufacturer.

wn, a fixed

om SOC

min
be reduced

are allowed, for example by using an internal temperature control system.
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Key

~ <

min
max

RT

tl,tz,t3,t4

max

RT
a/
Tmin 1

time

temperature

minimum ambient temperature

maximum ambient temperature

room temperature

one thermal cycle or complete duration of vibrational load excitation, for example 40 h for category

1 and category 2

time parameter (in accordance with Table 15)

chamber temperature

exemplary DUT temperature behaviour

active operation

Figure 7 —Temperature over time

Table 15 — Temperature versus time for the vibration test

Parametpr Duration Temperature Electrical operation of ml]lin
] power supply live par
tq 120 Tin Yes
t, 480 From T;, to T, .« Yes
ty 120 Tax Yes
ty 480 Trax 10 Thin Yes
The thermalyctetseithertomductedtwite orstatedto 461

22
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Y
Tmax - \
Ty \
RT /
Tmin 9
ty | t, ts ty | ts | te X
tC
Key
X time
Y temperature
T i minimum ambient temperature
Tha maximum ambient temperature
RT room temperature
Typ typical operating temperature specified by the battery pack or system manufacturel of actively
cooled or heated systems
t. complete duration of vibrational load excitation, for example 40 h for category 1 and cafegory 2
ty,to)ts,tyts tg  time parameter (in accordance with Table 16)

chamber temperature

exemplary DUT temperature behaviour

active operation

Figure 8 — Temperature over time

Table/16 — Temperature versus time for the vibration test

Pprameter Duration Temperature Electrical operatipn of main
[min] power supply ljve part
tq 120 Tin Yes
ty 240 From T, to Ty, Yes
t3 1320 Tiyp Yes
7} 246 From Ttyp t0 T rax Yes
ts 240 T ax Yes
te 240 From T, to RT Yes

8.4.4.4.1 Strategy for DUTs with internal temperature control systems

If the DUT is equipped with an internal temperature control system, that can be operated, the
temperature shall be adjusted to follow the ambient temperature profile of Figure 7 or Figure 8.

8.4.4.5 Electrical operation

The electrical load profile superimposed on the vibrational load cycle of 8.4.4.3 and the thermal overlay
of 8.4.4.4 shall be determined by agreement between customer and supplier.
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Operating mode 7.1 or 7.2 shall be used.

An application specific load profile (drive cycle) should be used. Alternatively, a continuous cycling with
standard charge and discharge cycles in accordance with ISO 12405-4 but without rest times may be used.

An example for combined thermal and electrical profile is given in Annex C.

Combined vibrational and thermal load shall be performed with electrical operation. Acquisition
of sensor readings is allowed. The SOC cycling may be omitted from the combined test, if technical
justification by pre-tests or simulations and technical assessment (e.g. design FMEA) prove that changes
in SOC have no significant influence on the mechanical stress / strain level.

NOTE1 A length of the wiring harness to the first fixation point on the test equipment, for example,shaker
base plate, fepresentative of the vehicle mounting is used to avoid damage to the wiring harnesses and elettfical
connectiony.

OOy

NOTE 2 The specified electrical load profile can be adjusted by derating, for example at T,

i
8.4.4.6 Requirements

Breakage ghall not occur. The functional status shall be class A as defined inJJSO 19453-1.

8.4.5 Meédchanical shock

8.4.5.1 Hurpose

This test checks the DUT for malfunctions and breakage caused by mechanical shocks to the vehjcle.
Failure mqde is mechanical damage. The load occurs, for.example when driving over a kerbstjone
at high speed.

8.4.5.2 (eneral

The mechdnical shock test shall be performéd-at both SOC,;, and SOC,,,, to cover the most seyere
considered condition for the DUT, for example SOC,,,, for obtaining a high tensile strain within|the
battery cell retainer or SOC,;, leading te a-minimum force between the battery cells and their encafing

structure.

If there is technical justification,. mechanical shock test at single SOC is permitted as agreed between
customer gnd supplier. If onlya'single SOC is used, the most severe condition shall be used.

8.4.5.3 Test

The mechgnical shetkiload profile of Table 17 depends on the category of the battery pack or sysfem
according fo 8.1. The’shock load cycles shall be performed according to IEC 60068-2-27.

Alternativé¢ly, for the shock duration and amplitude data from vehicle measurements may be used.

The shock acceleration shall be orientated in direction of the three mutually perpendicular axes of the
DUT and shall be performed in the following sequential order of X-axis, Y-axis and Z-axis or as agreed
between customer and supplier.

The total number of shocks is divided in equal quantity to shocks with the DUT discharged to SOC,,;,
and charged to SOC,,,,. The charging or discharging procedure between the shocks at SOC,;, and
s0C,

max Shall be agreed between customer and supplier.

In between consecutive shock excitations a hold time shall be introduced suffice to completely attenuate
the DUT oscillation at its natural frequency.

For obtaining the optimal set of machine control parameters, pre-shocks may be performed at reduced
load amplitude, for example at -12 dB, -6 dB and -3 dB of the nominal mechanical shock profile.
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Table 17 — Mechanical Shock load for DUTs of category 1 to 3

Category 1 Category 2 | Category 3
Shock wave form Half-sinusoidal
Shock duration 6 ms or OEM specific
Number of shocks at SOC,;,, 3 per test direction £X, Y, +Z (total 18)

Number of shocks at SOC,,

3 per test direction £X, +Y, +Z (total 18)

X

X: 196,2 m/s? or OEM X: 176,58 m/s%2 or OEM  |X: 147,15 m/s2 or OEM
specific specific specific
. Y: 127,53 m/s% or OEM Y: 98, T m/s%or OEM Y: 78,48 m/s pr OEM
Acdeleration o S L.
specific specific specific
Z:294,3 m/s2? or OEM Z: 245,25 m/s? or OEM Z: 1962 m/s? pr OEM
specific specific specific
Op¢rating mode Operating mode 6.3
8.4]5.4 Requirements
Brepkage shall not occur. Functional status shall be class A as defined i’ ISO 19453-1.
8.4]16 Requirements
For|the test sequence of mechanical shock and durability.tést with the same DUT, breakage shall not
occpir. Functional status shall be class A as defined in 1SO.19453-1.
8.5 Water protection
8.5]1 Test
Perform the test in accordance with ISO*20653 regarding the degrees of protection (IP code)|of the DUT
enclosure.
The degrees of protection (IP cede) of the DUT enclosure shall be determined under the [agreement

bet

Ope

veen customer and suppljer:

rating mode 6.2 shall-be-tsed, for example for read out of internal sensors. Alternatively

mo

e 5.2 can be used, ifyalid reasons are given, for example there is no BMS in the DUT.

Theg DUT shall be set-to a suitable SOC under the agreement between customer and supplier;
begiinning of test/in"order to prevent a deep discharge of the DUT.

, operating

before the

A rlon-conducting colorant may be used in order to colour the test medium and highlight water
intrjusion(s) in the enclosure due to this test. The colourant shall not impair the function of
conjpensation device(s).

a pressure

As test medium, tap water may be used.

8.5.

2 Requirements

The functional status shall be class A as defined in ISO 19453-1. IP degree requirement shall meet at
least ISO 20653.
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8.6 Dust protection

8.6.1 Test

The test shall be performed as defined in SO 19453-4 regarding the degrees of protection (IP code) of
the DUT enclosure in accordance with ISO 20653, which is agreed between customer and supplier.

For a battery pack or system with IP class IP5KX the alternative test dust defined in ISO 19453-4 shall

be used.

For a batte

v pack or system with IP class IP6KX the Arizona dust type shall be used.

Additional

NOTE 4
additional f:

8.6.2 Re|

The functi
least ISO 2

8.7 Humid heat condensation test

8.7.1 Purpose

This test
with high |

NOTE ]

8.7.2 Te

This test §
battery pa
because of

Perform at
using both
Operating
can apply.

If the DU’
temperatu

checks for the functional status should be performed after the test end, for example after2

A\ mechanical durability and strength test after the dust protection test with the same DUT"addre|
hilure mechanisms due to possible ingress of conductive particles.

quirements

bnal status shall be class A as defined in ISO 19453-1. IP degree requirement shall mee
D653.

imulates the thermal load (including frost) of the DUT by cyclic temperature char

'his test is not intended to be a lifetime equivalent test.

t

5

hall be performed according.to IEC 60068-2-38 using the variant described below. F
Lk or system the deviatigns‘and additional requirements to IEC 60068-2-38 are necess
its special behaviour as.ajpower source.

least five cycles ofthe temperature and humidity profile defined in Figure 9 and Tabl{

4h,

sSes

tat

ges

umidity during vehicle operation. It is meant to,vérify the resistance of the DUT to damp leat
and condensation.

br a
ary

p 18

the ambient teniperature and the internal temperature control system, if present.

mode 6.1 shall be used. For the functional check during the test, other operating mg

5

is, equipped with an internal temperature control system, for this test the inte
recontrol system shall be operational with the temperature set externally, not by the BM

des

‘nal
S.

If the DUT is not equipped with an internal temperature control system, the requirements concerning
the internal temperature control system in the thermal humidity profile defined in Figure 9 and
Table 18 shall be omitted.

NOTE1 Itisvaluable to measure relevant signals of the DUT during the complete test as well as after recovery.
A deviation by more than +5 % from the typical value of the DUT at the same temperature but without humidity
load is considered large. Short events, for example with durations =1 ms, are detectable only with an
adequately high sampling rate. Currents can be included in the monitoring, for example monitor the supply to the
complete system under test.
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Key

Y1 Y2
98
4 95
60 |2 Z Ny
——80
35K/h — 60K/h
40 H 3 ?
i H
£ i
1: i
20
0
X
-10 3 .
t1 | &2 t3 ty ts ta
tC

time
temperature [°C]

relative humidity [%]

one cycle

time parameter between steps (in accordanegivith Table 18)
step parameter (in accordance with Table 18)

chamber temperature

ITCS temperature

relative humidity

allowed tolerance for relative humidity

exemplary DUT temperature behaviour

Figure 9 — Temperature and humidity over time

NOTE 2 Humidityeontrolbelow 10 °Cisnotfeasible because of technical limits. Therefore, the relative humidity

for T < 10 °C stays_uicontrolled and is not specified.

Table 18 — Temperature and humidity over time

Parameter

Duration

Step

Description

4

limoo

b1

Asagreed

I

CHmmate chamber, DY T amd I T€Sareata oo temperature of

(25 +2) °C.
The climate chamber is at (95 * 3) % relative humidity.

Climate chamber temperature shall be set to (60 * 2) °C with a
gradient +35 K/h.

After climate chamber temperature has reached (60 + 2) °C, ITCS
temperature shall be set to (40 * 2) °C.

120 min

3,8

After DUT temperature has reached (40 + 2) °C: climate chamber
temperature shall be setto (40 * 2) °C with a gradient of -60 K/h.
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Table 18 (continued)

Parameter

Duration Step Description

t3

600 min 4 ITCS temperature shall be set to (20 * 2) °C.

a gradient of -5 K/h.

Climate chamber temperature shall be set to (=10 * 2) °C with

Until acclimatization

of DUT according to

step 6, but limited to
240 min

After DUT temperature has reached (20 £ 2) °C:
The ITCS shall be turned off.

ITCS temperature shall be uncontrolled.

Until acclimatization

of DUT according to

step 8, but limited to
480 min

After DUT temperature has reached (-7  2) °C:

Climate chamber temperature shall be set to (60 * 2)°Clwi
gradient +35 K/h.

ha

After climate chamber temperature has reached{60+ 2) °C, I
temperature shall be set to (40  2) °C.

['CS

The mount

A short fu
mode 6.2 f

A technica

If the DUT
internal te
internal te
DUT, the ti

8.7.3 Re|

Breakage 3

There shall be no performance impairmefit;caused by corrosion marks, infiltrations and impac

sealing fu
migration

After the tq

Ifthe DUT has an internal température control system, a leak tightness check of the internal temperat

control sy§

If the test
sequence.

8.8 Dan

ing position of the DUT shall reflect the actual vehicle installation conditiens.

nctional check should be made in the time step t,, for examplé-by change to opera
pr 10 min. Functional tests in t3 and t, may also be performed.

tightness check of the DUT defined in 7.2.1 should be perfermed before and after the tes

is equipped with an internal temperature control systent, then a leak tightness check of
mperature control system defined in 7.2.2 shall be performed before and after the test. If
mperature control system can be physically accessed only in a destructive procedure for
bhtness check of 7.2.2 may be omitted before the test.

quirements

hall not occur. Functional status shall be class A as defined in ISO 19453-1.

iction if applicable, visible markings and labelling or contamination including elec
ind electro-chemical migration.

st, a water tightness check as defined in 7.2.1 shall be passed.

tem as defined-n’7.2.2 shall be passed after the test.

is performed-in a test sequence, check for migration can be performed at the end of

|p-heat, steady state test

[ing

the
the
the

on
fro-

ure

the

8.8.1 Pu

rpose

The purpose of this test is to verify the resistance of battery pack or system against humid condition.

8.8.2 Test

The test should be performed with operating mode 6.1 instead of 2.1 and operating mode 7.1 instead of
3.2 according to damp heat steady state test as defined in ISO 19453-4, if the failure modes of this test
are not covered by prequalification of the electronic sub-components (e.g. ECU).

28
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8.8.3 Requirement

The requirement as defined in ISO 19453-4 shall be met.
8.9 Corrosion

8.9.1 General

For corrosion, building of local elements within a battery pack or system due to its active elements shall
be considered. The chemical reaction depends on the electrochemical potential difference determined
by lpothrthe v [ r e r r F q i i e elements
in cpntact.

dlel'ld DE dl poLeE d dS Well d C ClE OSLd DOLE d O
NOTE1 Intermediate non-destructive inspections and functional checks that are non:impaifring to the
rempining test time for the corrosion progression can be performed.

NOTE 2 Depending on the polarity of the voltage difference in the local elements.the redox reactidn leading to
coryjosion can even be reversed compared with the expected reaction direction frem-the electropoteptial series.

8.92 Mixed gas corrosion

8.9{2.1 Purpose

Thif test simulates the use of the DUT in the presence of corrosive gases, for example in highly polluted
atmjospheres.

Failure mode is an electrical malfunction caused by insulating corrosion products on the surface of
eledtrical contacts. This test is relevant for, for example SMD components, LEDs, plug contacfs and open
swifching contacts. Another failure mode is the penetration of protective coatings (e.g. paint) with
subpequent corrosion of the structures underneath.

8.9{2.2 Test

Perform the test as defined in IEC 60068-2-60, Test Ke, method 4.
The operating mode of the DUT)shall be 5.2.

The test duration is:

— |10 days for a battery pack or system intended for mounting in the passenger compartment or
luggage/load‘compartment;

— |21 daysfortall other mounting locations.

may be performed in case a severity comparable to system level is assured.

Co?ponent tests for all components of the battery pack or system exposed to a gaseous atmosphere

Alternatively, the test can be performed with a dummy DUT, for example without battery cells. The
dummy DUT shall have same enclosure and same interfaces (e.g. connectors, service-cover) like a fully
functional battery pack or system and equivalent mass distribution inside the battery pack.

8.9.2.3 Requirements
The functional status shall be class C as defined in ISO 19453-1.

There shall be no performance impairment caused by corrosion marks, infiltrations and impact on
sealing function if applicable, visible markings and labelling or contamination including electro-
migration and electro-chemical migration.
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If the test is performed in a test sequence and the check for migration can only be performed with a
physical destructive procedure for the DUT, the analysis may be performed at the end of the sequence.

8.9.3 Salt-spray test for external mounting location

8.9.3.1 General

The salt-spray cyclic test shall only be applied to a battery pack or system with an external mounting
locating in the vehicle. The degrees of protection of the DUT enclosure (IP code in accordance with
[SO 20653) shall be considered, if the test is applicable or not.

This test
throughpu

8.9.3.2 1

It shall be
functional
DUT shall
functional

s focused on different material compositions and components including sealings
[s. Alternatively, corrosion tests in accordance with ISO 19453-4 can be used.

est

agreed between customer and supplier whether the test shall be pépformed on a f

and

ully

battery pack or system or on a dummy DUT, for example without battery cells. The dumpmy

have same enclosure and same interfaces (e.g. connectors, service-cover) like a f]
battery pack or system and equivalent mass distribution inside the-battery pack.

The DUT s

all be fitted in the as-installed position.

ully

Equipotential bonding shall be connected to the DUT as defined by‘ifiterface definition and as installled

in the vehi¢le. The material pairing shall be the same as the one used in the vehicle mounting.

If areal battery pack or system is used for the test, operatingmode 6.1 shall apply. Every 7 days, opera
mode 7.1 shall apply for 5 min (-0 min, +1 min), due to status’documentation and requirement check

It shall be ¢
the inside g
of the corr
device(s) o

fthe battery pack or system with an additional pressure compensation device placed out
bsion test chamber and thus enable venting in case of obstruction of pressure compensa
f the traction battery system due to.salt.

Duration

test shall be 6 test cycles according to the cycle description below. 6 x (5 days corros

fing

greed between customer and supplier whether a hose can be used or not in order to confect

side
Fion

—n

on

test + 2 days environmental cycle test)i=42 days.

If the specified limits in this test.exeeed T, or T, the lower and upper boundary temperatures shall

be adjusted to T, ;, or T, ..
This test shall be performed-in a climatic chamber as per [SO 9227 set up for a corrosion cycle test.
Perform the first test'part over 5 days. The test sequence for each day is specified below:

— 4 h salf spraytest, test method NSS as per ISO 9227 with modified testing solution;

— 4 h cogling-off phase at room temperature (18 °C to 28 °C) and (40 % to 60 %) relative humidity;

16 h damp heat aging, test atmosphere CH (condensation atmosphere with constant high humidity)
as per ISO 6270-2.

Then, age the DUT for two days in an environmental cycle test under the following test conditions:
— limit temperatures: (+80 + 2) °C and (-40 * 2) °C;

— holding time at limit temperature: 4 h;

— heating and cooling-off time: 2 h;

— relative humidity at 80 °C: (80 + 3) %.

One test cycle takes one week to complete.
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A modified testing solution shall be used for the salt spray test. A testing solution as per ISO 9227 can
also be used. The modified testing solution is prepared from analytically pure table salt (NaClI, purity
grade as per German Pharmacopoeia DAB 7 or equivalent regional/national standard), calcium chloride
(CaCl,, anhydrous, medium grained, pure), and deionized or distilled water (conductivity <2 mS/m at
(23 £2) °C). 40 g of NaCI and 10 g of CaCl, per litre of water are used to prepare the testing solution.
The pH value of the collected condensate shall be between 6,5 and 7,2. It may be necessary to add
diluted hydrochloric acid to obtain the specified pH value. Electrometrical measurement at (25 + 2) °C
with a glass electrode may be used.

NOTE1 Loading of the DUT with the saline reagent in the test chamber does not fully reproduce the loading
present in field use. A battery pack or system mounted to the exterior vehicle underbody is likely to be exposed
maiply from underneath with saline spray, while in the test chamber the exposure occurs mainly from above.
For fhis mounting location, it is beneficial to choose a test procedure agreed between customer.and-qupplier that
ensyires wetting of all DUT areas that are also exposed in field usage.

NOTE 2  The mass loss of test coupons (metal plates) in salt spray tests is differentaccording td the kind of
materials. Correlation between tests can be performed by using test pieces of coupons. See ISO [4993:2018,
Annex B for the essential information.

8.9{3.3 Requirements
Aftér the test, the test for equipotential bonding defined in 7.1.2 shall be passed.
After the test, a technical tightness check of the battery pack.ér system defined in 7.2.1 shallbe passed.

If the DUT has an internal temperature control system, the leak tightness check of the internal
temperature control system defined in 7.2.2 shall be passed after the test.

There shall be no performance impairment caused-by corrosion marks, infiltrations and|impact on
sealing function if applicable, visible markingsvand labelling or contamination includipg electro-
migration and electro-chemical migration.

NOTE An example of a corrosive infiltration criterion is given in Annex E.
8.9/4 Salt corrosion test for internal mounting location

8.94.1 General

The salt corrosion test shall be applied to a battery pack or system with a mounting locating|in the area
cloge to the footwell orin the luggage/load compartment of the vehicle.

Appglication of the\test depends on system architecture and shall be agreed between cugtomer and
supplier.

Opgratingsmode 5.1 shall be used. Protective caps for the electrical joints and interconnectigns shall be
pregent.

8.9.4.2 Test

Perform 28 thermal humidity cycles in conjunction with corrosive conditioning of the DUT as shown
in Figure 10 with the environmental profile of Figure 11 and Table 19. Transition times between the
different test environments of time step t; and ¢, shall be as short as possible. A two-chamber system
may be used.

For conditioning, the DUT shall be sprayed with salt solution from every direction, excluding the
supportive surface. The salt solution shall be distributed as homogenous sprinkles across the DUT
surface. The solution shall be prepared as defined in ISO 9227 and diluted from 5 % (50 g/1) to 0,5 %.

Short interruptions between fully completed 24 h thermal humidity cycles in Figure 10 are permitted
with climatic conditions of the t; phase, for example over weekends.
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Distinction in the test severity shall be made with respect to the DUT mounting location within the vehicle
by applying a different concentration of the salt solution and a different number of conditioning cycles.

8.9.4.2.1 Severity 1 — Interior protected mounting location

This condition simulates salinity of coastal air for protected mounting locations, for example in the
trunk or passenger compartment of the vehicle.

Conditioning of the DUT shall be performed with a salt solution of 0,5 % salinity once before the first
cycle as shown in Figure 10.

8.9.4.2.2 |Severity 2 — Interior unprotected mounting location

This condition simulates salt contamination for unprotected mounting locations, for example in|the
area of the[foot well or underneath passenger seats.

Conditioning of the DUT shall be performed with a salt solution of 5 % salinity on¢e-before the first
cycle and affter the 7th, 14th and 21st cycle as shown in Figure 10.

U0 G

C
Key
X time
d 24 hthermal humidity cycle as defined in Figure 11 and Table 19
C initial donditioning of the DUT with salt solution
E additiohal conditioning of the DUT with salt solution fordest with severity 2

Figure 10 — Salt corrosion test sequence
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25 / N\
21
tq ty X
t C
Key]
X time
Y1 temperature [°C]
Y2 relative humidity [%]
t. one 24 h cycle
t, t time parameter, (in accordance with Table 19)
chamber temperature
N relative humidity
I specification limits
P S exemplary DUT temperature behaviour
Figure 11 — Humidity and temperature over time
Table 19 — Humidity and temperature over time
Parameter Duration Temperature Relative humidity
[h] [°C] [%]
t 8 232 83+3
t, 16 40 +2 92+3

8.9.4.3 Requirements

Functional status shall be class C as defined in ISO 19453-1.

©IS
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There shall be no performance impairment caused by corrosion marks, infiltrations and impact on
sealing function if applicable, visible markings and labelling or contamination including electro-
migration and electro-chemical migration.

8.10 Chemical resistance
Perform the chemical resistance test as defined in ISO 19453-5.

Test conditions may be applied to components of the battery pack or system.
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Annex A
(informative)

Example of leak tightness check

A.1 Examnle 1

The

T pre

1001 % helium leak tightness tester.

At first, a low-pressure test with 30 kPa should be performed, followed by high-pressur
250 kPa and a normalised flow rate at nominal pressure of 0,6 cm3/min.

Int

he low-pressure test, the pressure raise in 30 s should not be more than 0,5 kPa. In the ov

test not more than 3 cm3/min should be required to hold 250 kPa of pressure in the system

of s

btting pressure should be agreed between customer and supplier.

A.2 Example 2

For
sim

A n

the leak test, the pressure gradient that prevails in the practical use of the specimen
plated.

plaged in a chamber containing tracer gas: @b immersed completely in tracer gas. Alf

sus

pbected points on the DUT can be sprayed-with the tracer gas. A method is conceivable

whilch the interior of the DUT is loaded with-the tracer gas and an enclosing test chamber is

tot

©IS

he leak detector.

leak tightness check of the DUT’s internal temperature control system can be pexformed with a

b test with

b1 pressure
. Tolerance

should be

ethod is conceivable, in which the specimen.is evacuated and connected to a detector and then

ernatively,
as well, in
connected
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