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Foreword

1:2019(E)

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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INTERNATIONAL STANDARD ISO 6469-1:2019(E)

Electrically propelled road vehicles — Safety
specifications —

Part 1:
Rechargeable energy storage system (RESS)

1 Bcope

This| document specifies safety requirements for rechargeable energy storage“systemg (RESS) of
electrically propelled road vehicles for the protection of persons.

It dges not provide the comprehensive safety information for the manufacturing, maintenance and
repdir personnel.

NOTE1 Requirements for motorcycles and mopeds are specified in [SO-33063 and ISO 18243.

NOTE 2  Additional safety requirements can apply for RESS that/¢an be recharged by means different from
supplying electric energy (e.g. redox flow battery).

2 Normative references

The [following documents are referred to in the-text in such a way that some or all of their content
congtitutes requirements of this document. Fot“dated references, only the edition cited ppplies. For
undjted references, the latest edition of the referenced document (including any amendments) applies.

ISO $469-3, Electrically propelled road vehicles — Safety specifications — Part 3: Electrical safety

ISO P0653, Road vehicles — Degrees of protection (IP code) — Protection of electrical equipment against
forelgn objects, water and access

IEC $0068-2-27, Environmental testing - Part 2-27: Tests — Test Ea and guidance: Shock

3 [lerms and definitions
For the purposesof this document, the following terms and definitions apply.

ISO and [ECmidintain terminological databases for use in standardization at the following addresses:

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

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

3.1

bus

<vehicle type> vehicle designed and constructed for the carriage of passengers, comprising more than
eight seats in addition to the driver's seat, and having a maximum mass exceeding 5 t

3.2

capacity

total number of ampere-hours that can be withdrawn from a fully charged RESS (3.22) under specified
operating

© IS0 2019 - All rights reserved 1
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3.3
clearance

shortest distance in air between two conductive parts (3.4)

[SOURCE: IEC 60664-1:2007, 3.2]

3.4

conductive part
part which can carry electric current

[SOURCE: IEC 60050-195:1998, 195-01-06]

3.5

shortest dis

creepage Jistance

tance along a surface of a solid insulating material between two conductive parts|(3.4)

[SOURCE: IfC 60050-151:2001/AMD1:2013, 151-15-50]

3.6
customer
party that
performs th

EXAMPLE

[SOURCE: I
RESS subsy]

3.7

s interested in using the RESS (3.22) or RESS subsystem (3.24).and therefore, ordef
e test

Vehicle manufacturers.

0 PAS 19295:2016, modified — “voltage class B component or system” replaced by “RE
stems and therefore, orders or performs the test”, EXAMPLE added]

electric chassis

conductive
reference

[SOURCE: I

3.8

electric dr
combinatio
conversion

[SOURCE: I

3.9
electrically

barts (3.4) of a vehicle that are electrically connected and whose potential is take

0 6469-3:2018, 3.12]

ve
n of an electric traction{(motor, power electronics and their associated controls for
pf electric to mechanicalpower and vice versa

0 6469-3:2018, 3:13]

y propelled.vehicle

vehicle with one or.amore electric drive(s) (3.8) for vehicle propulsion

[SOURCE: I§

0 6469-3:2018, 3.15]

S or

bS or

n as

the

3.10

explosion

sudden release of energy sufficient to cause pressure waves and/or projectiles that can cause structural
and/or physical damage to the surrounding area

3.11
flammable

electrolyte

electrolyte having a flash point of not more than 93 °C

Note 1 to entry: The determination of flash point is based on ISO 2592.

3.12

heavy-duty truck
vehicle designed and constructed for the carriage of goods and having a maximum mass exceeding 12 t

© ISO 2019 - All rights reserved
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3.13
isolation resistance
insulation resistance

1:2019(E)

resistance between live parts (3.16) of an electric circuit and the electric chassis (3.7) as well as other

electric circuits which are insulated from this electric circuit
[SOURCE: ISO 6469-3:2018, 3.23]

3.14
isolation resistance monitoring system

system that periodically or continuously monitors the isolation resistance (3.13) between live parts

(3.1¢Jand theelectric chassis(3:7)
[SOURCE: ISO 6469-3:2018, 3.24]

3.15
leaKage
escape of liquid or gas except for venting (3.28)

3.1
live part

conductor or conductive part (3.4) intended to be energized in nonmal use, but by conventlion, not the

electric chassis (3.7)

[SOURCE: IEC 60050-195:1998, 195-02-19, modified — “including a neutral conductor” and Note 1 to

entry deleted and "a PEN conductor or PEM conductor.-0r* PEL conductor” replaced by "
chagsis"]

3.1
maximum operating temperature

the electric

highlest value of the temperature at which the systems/components can be operated continjiously

3.1

maximum working voltage

highlest value of AC voltage (rms) or, ofDC voltage that can occur under any normal operatin
accofrding to the manufacturer's Specifications, disregarding transients and ripple

[SOURCE: ISO 6469-3:2018,3.26]

3.19
medium-duty truck

b conditions

vehifle designed and)constructed for the carriage of goods and having a maximum mass exdeeding 3,5 t

but not exceeding(12 t

vehifle designed and constructed for the carriage of passengers, comprising more than ei
additionrtothedriversse ' 33y i

O O CC V ac, dITc av o=a a U a O cch

3.21
overcurrent protection
protection intended to operate when the current is in excess of a predetermined value

[SOURCE: IEC 60050-195:1998, 448-14-26]

3.22
rechargeable energy storage system
RESS

cht seats in

rechargeable system that stores energy for delivery of electric energy for the electric drive (3.8)

EXAMPLE Battery, capacitor, flywheel.

© IS0 2019 - All rights reserved
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3.23

RESS control unit
electronic device that controls functions of the RESS (3.22) and that provides communication between
the RESS (3.22) and other vehicle controllers

EXAMPLE
3.24

Battery control unit.

RESS subsystem

any assemb

3.25

ly of RESS (3.22) components which stores energy

rupture
loss of mech
according t

Note 1 to enffry: Predetermined openings for venting are not considered as rupture.

3.26

state of charge

SOC
available cd
capacity (3.]

3.27
supplier
party that g

EXAMPLE

[SOURCE: I§
RESS subsy

3.28
venting
release of e

3.29
voltage cla
classificatid

Note 1 to enfry: The classification to the voltage classes A, B and B2 is according to ISO 6469-3:2018

[SOURCE: I§

anical integrity of an enclosure resulting in openings not fulfilling protection degree'IH
b ISO 20653

pacity (3.2) of an RESS (3.22) or RESS subsystem (3.24) expressed as a percentage of 1
)

rovides RESS (3.22) or RESS subsystem (3.24)
RESS manufacturers.

0 PAS 19295:2016, modified — “voltage class B component or system” replaced by “RE
stems”, EXAMPLE added]

kcessive pressure intended by design

5S
n of an electric compenent or circuit according to its maximum working voltage (3.18)

0 6469-3:2018, 3.35, modified — Note 1 to entry added.]

3.30
water dep
w

XXB

ated

bS or

water depth Tevel a vehicle is designed for operation according to the vehicle manufacturer’s

specificatio

n

Note 1 to entry: The vehicle manufacturer may consider the local environmental conditions where the vehicle is
placed on the market.

4 General requirements

4.1 General electrical requirements

If not otherwise specified in this document, the voltage class B RESS shall fulfil the electrical safety
requirements in accordance with ISO 6469-3. These electrical safety requirements may be fulfilled for

an RESS on

4

the component or vehicle level.

© ISO 2019 - All rights reserved
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The voltage class B RESS or the voltage class B RESS subsystem shall be marked in accordance with
ISO 6469-3.

NOTE For marking requirements for a voltage class A RESS or RESS subsystem when integrated into a
voltage class B circuit see [SO 6469-3.

4.2 General safety requirements
The following requirements are general safety requirements, which apply when cited.

— The RESS shall not exhibit any evidence of leakage.

— [The RESS shall not exhibit continuous emission of flames for more than 1 s or explosian.
— [The RESS shall not exhibit any evidence of rupture.
— [The voltage class B2 RESS shall maintain an isolation resistance according-£g)5.4.1.

Comjpliance shall be tested in accordance with 6.1.6.

5 [echnical requirements

5.1 | Mechanical requirements

The |RESS shall provide the safety performance as specified below under mechanical lgads due to
vibration and mechanical shock, which an RESS will likely experience during the normal ogeration of a
vehifle over its lifetime.

The general safety requirements in accordance with 4.2 shall be fulfilled.

Comlpliance shall be tested in accordance with 6.2.
5.2 | Climatic requirements

5.2.1 Thermal shock cycling

The |RESS shall provide the safety performance as specified below under a climatic load due to rapid
temperature changes, which an RESS will likely experience during the normal operation of a vehicle.

The general safetysequirements in accordance with 4.2 shall be fulfilled.

Comjpliance shall-be tested in accordance with 6.3.1.

5.3 | Simulated vehicle accident requirements

5.3.1 Vehicle crash

The RESS shall provide the safety performance at a vehicle crash, which shall comply with 5.3.1.1 and
5.3.1.2. Testing shall be performed at vehicle level or RESS level.

5.3.1.1 Inertial load at a vehicle crash

The RESS shall provide the safety performance under inertial loads caused by an acceleration which
can occur at a vehicle crash. The general safety requirements in accordance with 4.2 shall be fulfilled.
Compliance shall be tested in accordance with 6.4.1.1.2 or 6.4.1.2.

© IS0 2019 - All rights reserved 5
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5.3.1.2 Contact force at a vehicle crash

The RESS shall provide the safety performance under contact forces which can occur at a vehicle crash.
The general safety requirements in accordance with 4.2 shall be fulfilled.

For an RESS intended to be installed in vehicles with a gross mass exceeding 3,5 t, the requirements are
deemed to be fulfilled, if the RESS is intended to be installed at a position higher than 700 mm above

the ground

(distance between the ground and the bottom surface of the RESS).

For an RESS intended to be installed in vehicles with a gross mass exceeding 7,5 t the requirements
are deemed to be fulfilled, if the RESS is intended to be installed within a longitudinal chassis frame

RN laial
CITC VCTITCTCY

structure o

Compliance

5.3.2

The RESS s
water immg

NOTE T
presence of v

The requirg

The RE
the pos|

shall be tested in accordance with 6.4.1.1.3 or 6.4.1.2.

Imimersion into water

rsion.

his requirement does not cover incidents in which the primary hazard for persons is caused b
vater, e.g. high flooding, flooded underground parking, flooded underpass.

ment is fulfilled if the RESS or RESS subsystem meets one‘of the following conditions:

of continuous emission of flames for more than 1 s, or explosion.

The RE
is wate
water i
conduc
connec

Minimal ap
an occurret]

5.3.3 Exy
This sub-cl{

The RESS s
outside of t
can be caus
intention is

5S or RESS subsystem including all connectors;air ducts and connections for cooling atta
I protected. It shall be tested in accordance with IPX7 in ISO 20653 and no occurren

Fions for cooling attached.

ce of water. In case of doubt'the test may be performed with coloured water.

osure to fire
juse applies to the)RESS using flammable electrolyte only.

hall provide<the safety performance as specified below when it is exposed to fire

ed byfire from ignited spilled fuel either from the vehicle itself or a nearby vehicle.
to pravide time for the driver, passengers, and bystanders to evacuate.

During the

shall not exhibit any evidence of explosion.

Compliance

shall be tested in accordance with 6.4.3.

SS or RESS subsystem shall be tested in accordance with 6.4.2. During the test and dy
t-test observation period of 2 h, the RESS or RESS subsystem shall not exhibit any evid|

5 allowed inside the RESS or RESS subsystem after the exposure to water. The test mg
fed with only the housing of an RESS-er RESS subsystem and all connectors, air ductg

bearance of water due to theiwcondensation of air humidity is possible and not considerg

he vehicle)yA thermal load can occur due to a fuel fire underneath the vehicle. Such 4

hall provide the safety performance as specified below when it is exppsed to water dye to

y the

ring
gnce

rhed
e of
y be
and

das

‘rTom
fire
The

ESS

The requirement is deemed to be fulfilled when the RESS is intended to be installed in the vehicle
and mounted at a position higher than 1,5 m above the ground (distance between the ground and the
bottom surface of the RESS subsystem).

© ISO 2019 - All rights res
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5.4.
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Electrical requirements

1 Isolation resistance

For a voltage class B2 RESS its isolation resistance divided by its maximum working voltage shall be at

leas

Whaen the RESS is installed in a vehicle and conductively connected to a voltage class B2 ele
a higher resistance value for the RESS is necessary to meet the requirements in 1SO'6469-3,

NOTE For the isolation resistance required on a voltage class A or B1 RESS. cenductively co
VOl:Jie class B2 electric circuit see ISO 6469-3.

Co

5.4.

For

following requirements shall apply:

NOTE An open-type lead acid battery is an example ¢f an open-type voltage class B RESS.

The

where

The

©IS

t as follows:
100 Q/V, if the RESS contains DC circuits only;

100 Q/V,ifthe RESS contains AC circuits and additional AC protection in accordance with

FaWallFaVVA & 4 L ad 1 int nlFaVal . AL . L LI | b hl AL - -
UU ii/V, 11 UIC LS55 COHtallls AW CITCUILS WILIIOUU dUUItiolldl AL PrOteCtioll 1T aCCOI

SO 6469-3.

liance shall be tested according to the relevant test given in ISO €4.69-3.

2 Clearance and creepage distance

hn open-type voltage class B RESS or RESS subsystem, where electrolyte leakage ca

creepage distance between voltage class B.terminals shall be as follows:

¢=2025U+5

1 is the creepage distancéin millimetres (mm);
[/ is the maximum working voltage of the RESS in volts (V).
creepage distancesbetween voltage class B live parts and the electric chassis shall be ag

¢=20,125U+5

ISO 6469-3;

dance with

tric circuit,

hnected to a

h occur, the

follows:

02019 - All rights reserved
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where

d
U

is the creepage distance in millimetres (mm);

is the maximum working voltage of the RESS in volts (V).

The clearance between voltage class B terminals shall be at least 2,5 mm.

5.4.3 Short-circuit protection

The RESS s

short—circuiic

requiremen

a) The crd

rating

An ove
areais

b)

NOTE S
The genera

Compliance

5.5 Func

5.5.1 General

Functional
Functional
function mj3
level, the Rl
function. If
operating c

5.5.2 Ovércharge protection

When the R
shall be fulf

Compliance

all have a short-circuit protection and provide its safety performance in case of an exts
as specified below when the RESS is operational (e.g. the contactor is closed).
ts in a) or b) provide short-circuit protection.

ss-sectional area of the live conductors of the RESS have a short-circuit cuxrent withs
[2t) according to the maximum short-circuit current of the RESS.

Fcurrent protection for the live conductors of an RESS according to’their cross-secti
pbrovided. The overcurrent protection is capable to interrupt a short-circuit current.

hort circuit is a specific case of overcurrent.
safety requirements in accordance with 4.2 shall be fulfilled.

shall be tested in accordance with 6.5.1.

tional requirements

Fequirements ensure the RESS saféty performance in case of a failure on the vehicle
requirements are achieved by'robust design or by a protection function. A prote
iy be implemented on vehicle level. If the protection function is not implemented on
SS shall have a robust desigh;, or only be used in a vehicle which implements the proteg
h protection function is(implemented on the vehicle level, it shall be effective under no
bnditions and in case-of a single fault.

illed.

shall\be tested in accordance with 6.6.2.

1 .
{cion
ESS

rnal
The

tand

onal

vel

tion
rmal

ESS exceeds‘the upper SOC limits, the general safety requirements in accordance with 4.2

5.5.3 Overdischarge protection

This clause

applies only to the RESS using electrochemical energy conversion.

When the RESS SOC falls below its lower limits, the general safety requirements in accordance with 4.2
shall be fulfilled.

Compliance

shall be tested in accordance with 6.6.3.

5.5.4 Protection against internal overheating

The RESS shall provide the safety performance as specified below and protection against internal
overheating when the internal temperatures are exceeding the maximum operating temperatures
specified by the supplier and the RESS is operational. The protection against internal overheating

8
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shall be effective in case of a failure of a thermal control or a cooling function, if such measures are

impl

emented.

The general safety requirements in accordance with 4.2 shall be fulfilled.

Com

pliance shall be tested in accordance with 6.6.4.

5.6 Requirements for the emission of hazardous gases and other hazardous substances

For protection against toxicity hazards, the following requirements shall apply when hazardous gases
and other hazardous substances can be emitted by the RESS.

No ¢
alloy

Only
fort

App

6
6.1

6.1.]

If ng
devi

The
The
agre

The
spec

Qua

cury
6.1.7

6.1.7

otentially dangerous concentration of hazardous gases and other hazardous substan
ved anywhere in the driver, passenger and load compartments.

normal operating and environmental conditions as specified by the supplier shall be
his requirement.

‘opriate countermeasures shall manage first-failure situations.

Test procedures
General test conditions

| Test types and post-test observation

t otherwise specified, the tests described apply to the RESS or RESS subsystem ref
ce under test (DUT) in the following text.

test sequence for a DUT shall be based ©n the agreement between the customer and ]
re-use of the DUT and an exchange oflits components in a test sequence are acceptable
ement between the customer and-the supplier.

ces shall be

considered

erred to as

he supplier.
ased on the

post-test observation periodishall subsequently follow the test and shall last 1 h, if noft otherwise

ified.
ification of the personnel and safety of the test bench shall be provided by the test |
ent protection.

. Test parameters

P.1 Testtemperature

Roo1n témperature (RT) is (25 £ 2) °C.

hb, e.g. over

6.1.2.2 Measurement accuracy

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

— voltage: +0,5 %;

— current: £0,5 %;

— temperature: +1 K.

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

— voltage: 1 %;

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=09c1ed5f8f104d76dd5730f30bf407d8

ISO 6469-1:2019(E)

current: +1 %;
temperature: ¥2 K;
time: 0,1 %;
mass: +0,1 %;

dimensions: +0,1 %.

If required by the test procedure the values of time, temperature, current, and voltage shall be noted at
least every 5 % of the estimated time for testing and the observation period.

6.1.3 DU

6.1.3.1 D

The DUT sH
connecting

All necessa
test equipm
the DUT.

The DUT sh
unit and sh

The DUT nj
conduct the
influence th

6.13.2 P

The RESS

equipment.
the requirsg
specificatio
protection

The cooling
supplier’s r

6.133 P

The RESS s
RESS shall
limits provi

I requirements and preparation of the DUT for testing

UT requirements

all comprise all parts specified by the customer (e.g. including mechaniecal and elect|
points for the mechanical test).

'y documentation and interface parts for the operation and connection of the DUT t(
ent (i.e. connectors, plugs including cooling) shall be delivered(o the test lab together

all enable the specified tests, e.g. by specified test modes implemented in the RESS co1
11 be able to communicate with the test bench via e.g:¢ommon communication buses.

ay be equipped with additional sensors, wires@and support jigs, which are necessat
specific test or to obtain the required data for'such a test. Such additional devices shal
e result with respect to the intended purposé of the test.

Feparation of the RESS subsystem and-test bench

bubsystem shall be connected (with necessary electrical connections to the test b
The contactors, voltage, current, and temperature shall be controlled accordin
ments agreed between the-customer and the supplier and according to the given

I by the test bench equipment. The test bench shall enable the function for overcuy

pf the RESS subsystem, if necessary, e.g. by the control of the RESS subsystem contac
device shall be connected to the test bench equipment and operated according td
bquirements and-cofitrol strategy, unless otherwise specified by the test procedure.

reparation-of the RESS and test bench

hall beseoninected with necessary electrical connections to the test bench equipment.
e controlled by the RESS control unit. The test bench equipment shall follow the operat

the on/off
profiles acc

ded by the RESS control unit via communication. The test bench equipment shall mai
Equiremer Or the main contactors, any, and the vo g, CUrrer nd temper
ording to the requirements of the given test pr

rical

the
with

htrol

y to
I not

ench
g to
test
rent
tors.
the

ocedure. The RESS cooling device and the

corresponding cooling loop at the test bench equipment shall be operational according to the given
test specifications and the controls by the RESS control unit. The RESS control unit shall enable the
test bench equipment to perform the requested test procedure within the RESS operational limits. The
overcurrent protection of the RESS shall be operational.

6.1.4 Preconditioning of the DUT
If not otherwise specified in this document, the following conditions shall apply:

— The DUT shall be conditioned by performing the standard cycle as specified in 6.1.5 to ensure
an adequate stabilization of the DUT. The number of the SC shall be specified by the supplier or
customer.
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Before each test, the SOC of the DUT shall be set to a value of the maximum SOC at normal operating

conditions as agreed between the customer and the supplier.
Each change of the SOC shall be followed by a rest period of 30 min.

The ambient temperature shall be RT.

6.1.5 Standard cycle (SC)

6.1.5.1 General

This

The
SC sl

The
6.1.5
and
imp4{

sub-clause applies only to the RESS using electrochemical energy conversion.

purpose of the standard cycle (SC) is to ensure the same initial condition for each\test
nall be performed prior to each test.

SC shall be performed keeping the DUT at RT. The SC shall comprise a‘standard dis
.2), followed by a standard charge (see 6.1.5.3). Based upon the agreement between th

ict on the test result.

If, fojr any reason, the time interval between the end of the SC and the start of a new test is

3h,1
intel

6.1.]

Disc
supj]

Disc

Rest]

6.1.]

The
sped
prog

Rest]

he SC shall be repeated. Based upon the agreement betweemnthe customer and the supp
val may be extended up to 24 h provided that the tempefature is kept at RT during that

b.2  Standard discharge (SDCH)

harge rate: 1 C or other specific discharge regime according to the specifications g
lier.

harge limit: according to the specifications given by the supplier.

period after the discharge: 30 min.

5.3 Standard charge (SCH)

ifications shall include-the end of the charge criteria and time limits for the overd
edure.

period after the)charge: 30 min.

6.1.6 Testing'of general safety requirements

6.1.1’;.1 Evidence of leakage

faDUT. An

charge (see
le customer

the supplier the DUT temperature may differ from RT provided that the DUT temperdture has no

longer than
ier the time
period.

iven by the

standard charge procedure shall be according to the specifications given by the suyipplier. The

11l charging

The evidence of leakage shall be tested without disassembling any part of the DUT. Verification of
electrolyte may be determined by visual inspection, litmus paper testing, and/or chemical analysis of
the fluid after the observation period.

6.1.6.2 Evidence of rupture

The evidence of rupture shall be tested in accordance with ISO 20653 after the observation period.

© IS0 2019 - All rights reserved
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6.1.6.3 Evidence of fire

The evidence of continuous emission of flames for more than 1 s shall be tested by visual inspection
during the test and during the observation period.

NOTE Sparks and arcing are not considered as flames.

6.1.6.4 Evidence of explosion

The evidence of explosion shall be tested by visual inspection or appropriate means for detection of
projectiles from the DUT during the test and during the observation period.

6.1.6.5 Islolation resistance

The isolatipn resistance shall be measured after the test and after the observation\period.|The
measurement shall be conducted according to the relevant test procedures in ISO 64693 but without
preconditioning and conditioning.

6.2 Mechanical test

6.2.1 General

NOTE If}is assumed that RESS subcomponents are designed accordingto’the relevant requirements of ftheir
respective sandards.

The test shall be performed in two steps, vibration test in accoydance with 6.2.2 and mechanical shock
testin accoridance with 6.2.3 and all spatial directions specified. The following test conditions shall apply:

— The wrl:lzle test (vibration and mechanical shock) shall be conducted with the same DUT;
— The amient temperature shall be (20 + 10) °Gx

The test orfler of vibration and mechanical-shock shall be decided upon the agreement betweer the
customer apd the supplier.

6.2.2 Vibration
The DUT shpll be tested in all m@unting orientations it is foreseen to be installed in a vehicle.

If several mpunting orientations are supported, it is sufficient to test with the maximum power speftral
density (PSP) values of Tahles 1 to 3 only.

The test shall be performed by test option 1 or test option 2.

6.2.2.1 Testoption 1

The DUT shall be mounted on the appropriate test equipment. It shall be subjected to vibration by
random profiles in three spatial directions (vertical direction Z, longitudinal direction X and transverse
direction Y) with the PSD values as given in Figure 1 and the corner points in Table 1 to Table 3. The test
shall be performed in the following sequence of the three spatial directions: starting with Z, followed
by X and finally Y. The test sequence may be changed upon the agreement between the customer and
the supplier. The test duration per spatial direction shall be 12 h.
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Table 1 — Values for the PSD in Z-direction

Frequency PSD
Hz (m/s2)2/Hz
5 0,048 1
10 0,577 4
15 0,384 9
200 0,000 4
RMS 2,64 m/s?

ISO 6469-1:2019(E)

Table 2 — Values for the PSD in X-direction

Frequency PSD
Hz (m/s2)2/Hz
5 0,0289
20 0,288 7
200 0,000 6
RMS 2,34 m/s2
Table 3 — Values for the PSD ivY<direction
Frequency \0\ PSD
Hz N o (m/s2)2/Hz
5 0,192 5
15 0,288 7
50 0,0289
200 0,000 4
RMS 2,51 m/s2

© IS0 2019 - All rights reserved
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Figure 1 — PSD spectra for Z-;X- and Y-direction

The control|parameters in Table 4 shall be used fox the test equipment:

Table 4 — Control parameters for the vibration test

statistical DOF minimum 120
minimum friequency resolution (1,25 £ 0,25) Hz
crest factor |(sigma-clipping) 30

warning limlits +3dB

abort limits +6dB

6.2.2.2 Testoption.2

The test m3dy beperformed as an operation load simulation test based on vehicle measurements| For
test option |2,the overall mechanical load shall not be below the mechanical load in test option 1| The
verification may be prr\vir]nr] hy calculation For this calculation the r]amagn T)A caused hy vibration
loads during vehicle measurement shall be greater or equal than the damage Dg calculated from the
mechanical load in option 1. An example for the calculation of damage is given in Annex A. An example
of an OEM specific test, which complies with this requirement, is provided in Annex B.

6.2.3 Mechanical shock

The DUT shall be mounted on the appropriate test equipment and shall be subjected to shocks with a
test profile of half-sinusoidal acceleration in six spatial directions: *(vertical direction Z), *(longitudinal
direction X) and *(transverse direction Y).

Perform the test in accordance with [EC 60068-2-27 using the test parameters in Table 5.

14 © IS0 2019 - All rights reserved
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Table 5 — Test parameters for the mechanical shock

Procedure Requirement
Pulse-Shape Half-sinusoidal
Acceleration +7:70 m/s?2

+X: 50 m/s?
+Y: 30 m/s2
Duration 6 ms
Number of shocks 6 per test direction

6.3 | Climatic test

6.3.1 Thermal shock cycling

If the DUT utilizes liquid cooling, the coolant shall be present as for a normal operation| The active
cooling if any shall be disabled.

The DUT shall be stored for at least 6 h at an ambient temperature Tyax€qual to 60 °C + 2 Kfollowed by
storgge for at least 6 h at an ambient temperature equal to —-40 °C £ 2'K. A higher temperattire for Tinax
may|be used if agreed between the supplier and the customer.

The transient time between the ambient temperature extrentes shall be 30 min or less. Thif procedure
shal] be repeated until a minimum of 5 total cycles are completed.

Then, the DUT shall be stored for 24 h at an ambienttemperature of (20 + 10) °C. After the storage for
24 h| a standard cycle as described in 6.1.5 shall beiconducted, if not inhibited by the DUT.

The DUT may be moved between two test chambers if the temperature conditions are fulfilled for each
test chamber.

6.4 | Simulated vehicle accidenttests

6.4.1 Vehicle crash

The [tests may be conducted on the component or vehicle level. The selection of either of thle described
optipns shall be according-to the agreement between the customer and the supplier.

6.4.1.1 RESS levelbased test

6.4.1.1.1 General

The DUT shall be installed on the test rig by the fixtures provided for the purpose of attaching the RESS
or RESS'subsystem to the vehicle or according to the agreement between the customer and the supplier.

The ambient temperature shall be (20 + 10) °C.

In case of a liquid-cooled RESS, the DUT shall be filled with the standard coolant, and, according to the
agreement between the customer and the supplier, the vehicle cooling circuit can be substituted with
a representative external cooling system or the connecting ports shall be sealed to retain the coolant
inside the piping within the DUT.

6.4.1.1.2 Inertial load at a vehicle crash

Testing shall be conducted at least once in the same direction of the shock that occurs in the vehicle
during a vehicle crash test. For medium-duty trucks, midi buses, heavy-duty trucks and buses, a test
direction determined by the customer and verified to the vehicle application shall apply. For each of
these directions, the test shall be conducted according to one of the options described below. If the
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orientation of the DUT in the vehicle or the direction of the inertial load is not known, the DUT shall be

tested in all

six spatial directions.

Electronic or mechanical switching devices (e.g. contactors), if present, shall be closed and relevant
control units, if part of the DUT, shall be operational.

In case of performing the test without the relevant control units, the following steps shall be performed
after the test:

— the control units shall be activated;

— electro

nic or mechanical switching devices shall be closed;

— thever

The test sh
the corrido
the time-ac
application
vehicle app

Key

minimu

X <N P

time

Table 6 —

ication.

Y

maximujm curve

n curve

acceleraltion

fication of 4.2 shall be performed.

Figure 2 — Generic description of test pulses

all be performed using the pulse shape and the values for time and acceleration within
I, given by the values for the upper bound and the lower bound in Figurey2, by applying
Celeration values from Table 6 to Table 8 for the gross mass of the vehiclelintended fot the
of the DUT, or according to a test profile determined by the custometrand verified tq

the

Area of.values for acceleration pulses for vehicles with gross mass not exceeding 3,5 t

16

Acceleration Acceleration
Time
(longitudinal) (transversal)
ms g g
A 20 0 0
B 50 20 8
C 65 20 8
D 100 0 0
E 0 10 4,5

subsystem.

NOTE The values for longitudinal acceleration are taken from UN
Regulation No.17. It can as well be applied to the RESS or RESS
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Table 6 (continued)
. Acceleration Acceleration
Time
(longitudinal) (transversal)
ms g g
F 50 28 15
G 80 28 15
H 120 0 0
NOTE The values for longitudinal acceleration are taken from UN
Regulation No 17 It can as well be applied to the RESS or RESS
subsystem.

Acceleration Acceleration
Time
(longitudinal) (transversal)
ms g g
A 20 0 0
B 50 10 5
C 65 10 5
D 100 0 0
E 0 5 2,5
F 50 17. 10
G 80 17 10
H 120 0 0

( Acceleration Acceleration
Time
(longitudinal) (transversal)
ms g g
A 20 0 0
B 50 6,6 5
C 65 6,6 5
D 100 0 0
E 0 4 2,5
F 50 12 10
G 80 12 10
H 126 8 S

Table 7 — Area of values for acceleration pulses for medium-duty trucks and midj buses

Table 8 — Area of values for acceleration pulses for heavy-duty trucks and bujses

6.4.1.1.3 Contact force at a vehicle crash

The DUT shall be crushed between a flat support and one of the crush probes described below according
to the agreement between the customer and the supplier:

— acrush plate as described in Figure 3;

© IS0 2019 - All rights reserved 17
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')

Figure 3 — Crush plate with dimensions of 600 mm x 600 mm or smaller

a halfc
enough

The tests sh
Itis notreq
The crush g

The ax
the RES
geomet

— The prd
RESS o

The applied

ylinder with a diameter of 150 mm as described in Figure 4. The half cylinder shall be
to extend past the edge of the DUT by a minimum of 50 mm at each end.

12

Figure 4 — Half cylinder with a diameter of 150 mm

all be performed on all axes derived from vehicle crashtests as determined by the custqg
ired that all test conditions are conducted on a sifigle DUT.
robe shall be applied according to one of the fgllowing options.

s of the cylinder(s) shall be oriented vertically with respect to the supposed positic
bS or RESS subsystem in the vehicle. The centre of the crush probe shall be located a
ric centre of the projected plane of the DUT which is perpendicular to the direction of c{

' RESS subsystem relative t.its installation in the vehicle shall be considered.

| force shall be (100 -(0/+ 5) kN or a value determined by the customer dependin

expected forces in vehicle crash(tésts. These values shall be based on appropriate analyses, e.g. ve

crash tests

The test sh
but not excq

If a vehicle s
can be inclu

br vehicle crash simmtlations.

1l be performed with a ramp-up time of less than 3 min and a hold time of at least 10
eding 10 ss

tructurefs used as a protection device against the contact force, then that vehicle strug
ded in'the test according to the agreement between the customer and the supplier.

long

mer.

n of
r the
ush.

be shall be oriented according.tothe customer’s specification. The direction of travel of the

g on

hicle

D ms

ture

6.4.1.2 Vehicle level based test

For testing the DUT on the vehicle level the DUT shall be installed in a vehicle as intended for the normal

operation.

A test profile determined by the vehicle manufacturer and verified to the vehicle application shall apply.

6.4.2

Immerse th

Immersion into water

e DUT in ambient temperature salt water (3,5 % - 5 % by weight NaCl in Hz0) for 2 h.

The DUT shall be built up and prepared with all connectors, ducts and flanges, interfaces for cooling
and coolant according to the vehicle manufacturer’s specification for vehicle operation.

18
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If the water depth w is defined, immerse the DUT as deep as the RESS installed in the vehicle operated
in the specified water depth w.

If the water depth w is not defined, the immersion depth shall be 1 m (deepest housing location) or
0,15 m water above the highest housing location, if the housing is larger than 0,85 m.

6.4.3

6.4.3.1

a)

b)

© IS0 2019 - All rights reserved

Exposure to fire

Installations

Testing fixture

The DUT shall be mounted in a testing fixture simulating actual mounting conditio
possible; no combustible material shall be used for this with the exception of material
pf the RESS. The method whereby the DUT is fixed in the fixture shall correspond to f{
specifications for its installation in a vehicle.

the fire in any way shall be taken into consideration. For this purpose,)the DUT may be
the relevant vehicle body.

fthe DUT is not installed in the vehicle body, the DUT shall be placed on a grating table
hbove the pan, in an orientation according to the agreement between the customer and
Che grating table shall be constructed by steel rods, with'a diameter of 6 mm to 10 mm,
fo 60 mm in between. If needed, the steel rods can be stipported by flat steel parts.

n case of a liquid-cooled RESS, the DUT shall be“filled with the standard coolant, a
the agreement between the customer and the supplier. The connection to the exteq
Circuit can be simulated according to the agreement between the customer and the sup
connecting ports shall be sealed to retain-the coolant inside the piping within the DUT.

Fuel and pan

TChe flame to which the DUT is exposed shall be obtained by burning a commercial fuel {
gnition engines (hereafter called “fuel”) in a pan. The quantity of the fuel shall be 5
permit the flame, under freezburning conditions, to burn for the whole test procedure.

The fire shall cover the whole area of the pan during the whole fire exposure. The pan

Lherefore exceedthe'horizontal projection of the DUT by atleast 200 mm but not more th

Che sidewalls:of the pan shall not project more than 80 mm above the level of the fuel
pf the test.

Che pan filled with the fuel shall be placed under the DUT in such a way that the distan
Lhe level of the fuel in the pan and the bottom of the DUT corresponds to the design h
DUT above the road surface at the unloaded state of the vehicle or if the height is n

s as far as
that is part
he relevant

n the case of an RESS designed for a specific vehicle use, vehicle partscwhich affect the course of

installed in

b positioned
he supplier.
ith 40 mm

ccording to
nal cooling
plier, or the

or positive-
ufficient to

dimensions

chall be chosen so as-to ensure that the sides of the DUT are exposed to the flame. The pan shall

an 500 mm.

at the start

ce between
eight of the

pt specified

approximately 500 mm or according to the agreement between the customer and the s

upplier. If it

is the intent to use vehicle parts that influence the course of the fire, then they can be integrated
with the DUT which can define the relative position of the DUT above the level of the fuel.

Either the pan or the testing fixture, or both, shall be freely movable in the horizontal direction.

Screen

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

6.4.3.2 Ambient conditions

The ambient temperature of the test shall be 0 °C or higher. If the tests are carried out in the open air,
sufficient wind protection shall be provided and the wind velocity at the pan level shall not exceed

2,5 km/h.

6.4.3.3 Conditions for the exposure to fire

Phase A

The fue
the par
can be

Phase H
The DU
Phase (

: Pre-heating:
shall be placed under the DUT by moving either the DUT fixture or the pan."This phg
bmitted if the temperature of the fuel before the testis 20 °C or higher.
: Direct exposure to flame:
T shall be exposed to the flame from the freely burning fuel for 70's:

: Indirect exposure to flame:

As soon as phase B has been completed, the screen shall be plaged between the burning pan

the DU

Instead of ¢
and the sup|

6.4.34 E

The burnin

[. The DUT shall be exposed to this reduced flame for afurther 60 s.

bnducting phase C of the test, phase B can, accordingto the agreement between the custg
plier, be continued for an additional 60 s.

nd of the fire exposure and post-test observation

b pan shall be removed and placed more than 3 m away from the DUT. The fire of the]

shall be immediately extinguished while no extinguishing of the DUT shall be conducted. The post

observation
surface tem
a minimum

period for the exposure to fire shall start at the removal of the pan. It shall last unti
perature of the DUT has decreased to the ambient temperature or has been decreasin
of 3 h.

6.5 Electrrical test

6.5.1 Shd

If an RESS s
the DUT.

The test sh

rt circuit

ubsystem.is'tested the overcurrent protection as intended by the design shall be includ

all“be' conducted using a connection for the external short circuit with a resistancg
mo.

exceeding §

| in the pan shall be ignited at a distance of at least 3 m from the DUT. After 60 s prée-heating,

se A

and

mer

pan
+test
| the

g for

bd in

not

The test shall be terminated if one of the following conditions is met:

A short-circuit protection function interrupts the short-circuit current.

Thetemperature changeislessthan4 Kwithinaperiod of 1 h. Theinternaltemperature measurement

of the DUT shall be used, if present and operational. Otherwise the temperature shall be measured
at the casing.

The test may be conducted at a higher temperature than RT as given in 6.1.4 according to the agreement
between the customer and the supplier.
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Data acquisition/monitoring shall be continued for 1 h after the charging or discharging is stopped.

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

The condition of test termination shall be recorded.

The

the

6.6.

The
cust

If th
cons

6.6.]

The
The
are (

est, shall be disabled.

Overcharge protection

UT shall be charged to maximum SOC in the normal operation as agreed’by the sup
mer. The ambient temperature shall be (20 + 10) °C. The cooling systefmsShall be opera
contactors shall be closed, if present. The RESS shall be controlled by the RESS contr
shall be performed with all the related functions of the DUT including the overchargg
tion and the charge current control function, if present, fully opérational.

PDUT shall be charged with the maximum charge current as@greed by the supplier and tH
test shall be terminated when one of the following conditions is met;

The RESS overcharge protection function interrupts the charge current.

NOTE The device which interrupts the charge:current could not be a part of an RESS subsy
The charging continues for 12 h.

Che RESS temperature rise decreases-until the gradient is less than 2 K within 1 h.

[he SOC or voltage or maximum RESS temperature exceeds an upper limit, asagreed by t}
hnd the supplier. In this casepthe test is failed.

Che general safety requirements in accordance with 4.2 are violated. In this case, the t¢g

e RESS uses battery._cells, the temperature of the cell with the highest temperaty
idered.

. Overdischarge protection

DUT shall'be charged to a SOC in the normal operation as agreed by the customer and {
ambient temperature shall be 20 + 10 °C. The cooling system is operated, and the mairy
losed, if present. The RESS shall be controlled by the RESS control unit. The test shall bg

Yy interrupts

lier and the
ed, and the
ol unit. The
protection

e customer.

stem.

he customer

st is failed.

re shall be

he supplier.
contactors
performed

witl

.l h IR o dnn yuliin | DL . 1 - =l - 1 de s L b
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discharge current control function, if present, fully operational.

on and the

The DUT shall be discharged at a constant current rate within the range of the vehicle normal operation
as agreed by the customer and the supplier.

The overdischarging shall be terminated when one of the following conditions is met:

— The RESS overdischarge protection function interrupts the discharge current.

NOTE

— The discharging continues until the RESS voltage reaches 0 V.

© IS0 2019 - All rights reserved

The device which interrupts the discharge current could not be a part of an RESS subsystem.
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