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Foreword

[SO (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 ]

nternational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draw
patent(s).
rights in
patent(s)
this may
WWW.iso

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

les of the

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not.received ndgtice of (a)
which may be required to implement this document. However, implementers are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad¢ name used in this document is information given for the convenience of users and| does not

constitut¢ an endorsement.

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyiment was prepared by Technical Committee<1SO/TC 22, Road vehicles, Subcommittiee SC 37,

Electrical

y propelled vehicles.

This secopd edition cancels and replaces the first edition (ISO 21498-2:2021), which has been t¢chnically

revised.

The main

— testcqse “Short circuit” has been added;

— Anne

— addit

— examjple current limit values have been added to Table B.4;

— Anne

— meth

and movédfrom main body to informative Annex D.
Alist of LTW&@%MW

changes are as follows:

k B “Testing at differenttemperatures” has been deleted;

onal values have been-added in Tables B.2 and B.3;

k C has been-revised;

pbds forsconversion from time domain to frequency domain for generated ripple have begn revised

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The requirements for voltage class B electric circuits used for electric power transfer for the propulsion of
electric road vehicles and their characteristics are significantly different to those of voltage class A electric
circuits. Moreover, the range of voltage class B is too wide to be used for a component design relating to

voltage.

The ISO 21498 series divides voltage class B in a set of voltage sub-classes to enable a component design
for each voltage sub-class relating to voltage. It provides appropriate descriptions and definitions for
requirements and characteristics of voltage class B systems for electrically propelled vehicles.

The voltage sub-class itself and the component characteristics have a large cost impact on the component

design a
classes a
Standard
costs. Th
from the
for differe

ISO 2149¢
storage s
based on
systems g

This docu
electrical
scenarios
purpose,

The speci

or techndlogy. The given definition of sub-classes dgés not exclude the use of other maximum

voltages f|

on the overall design of the electric system. Additionally, a high variety of different V0|Ltage sub-
d operating conditions impedes the use of an existing component in different véhicle models.

sing voltage sub-classes and characteristics and reducing varieties cuts component af
s allows the decoupling of the system or component designs of a voltage class B elect
Hesign of the electric energy source. Finally, the exchange of components from different
nt customers is facilitated.

-1 provides definitions of and for voltage sub-classes and characterjistics for rechargeal

maximum working voltage. Voltage sub-classes listed in ISO 21498-1 are used for volta
fall kinds of current or future electrically propelled road vehiclées.

y propelled road vehicles. All relevant characteristies are covered considering usu:
as well as deviations from normal operation. The’descriptions are generalized an
betup, procedure and requirements for the tests,

fications in this document are not intended torestrict the development of component per

pr an individual system design.

1d system
Fic circuit
suppliers

le energy

ystems (RESS) and electric propulsion systems. It defines specifi¢-values for these syib-classes

e class B

ment provides electrical tests for electric and electronio‘eomponents at voltage class B used for

| driving
d include

formance
operating
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Electrically propelled road vehicles — Electrical
specifications and tests for voltage class B systems and
components —

Part 2:

Electrical testsforcomponents—

1 Scope

This docyiment applies to voltage class B electric propulsion systems and connected auxiliary electric
systems ¢f electrically propelled road vehicles. It applies to electric circuitsrand componentg in these
systems.

This docyment focuses on the characteristics at the DC voltage class B terminals of these components as
specified jn ISO 21498-1. It describes testing methods, test conditions and test requirements for components
exposed tp electrical behaviour caused by the operation of electric leads and power sources.

This docyment does not cover electrical safety (see ISO 6469-3 and'the ISO 5474 series).

2 Normative references

The folloying documents are referred to in the text in@uch a way that some or all of their content cpnstitutes
requiremgnts of this document. For dated references, only the cited edition applies. For undated references,
the latest|edition of the referenced document (including any amendments) applies.

ISO/TR 8Y13, Electrically propelled road vehicles — Vocabulary

[SO 21498-1, Electrically propelled roadwehicles — Electrical specifications and tests for voltage class|B systems
and comppnents — Part 1: Voltage sub=classes and characteristics

3 Terms and definitions
For the pyrposes of thisddgcument, the terms and definitions given in ISO/TR 8713 and the following apply.

ISO and [EC maintainsterminological databases for use in standardization at the following addresss:

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

— IEC E]éctropedia: available at https://www.electropedia.org/

3.1
customer
party that is interested in using voltage class B (3.13) components or systems

[SOURCE: ISO 21498-1:2021, 3.2]

3.2

electric circuit

entire set of interconnected electric/electronic parts through which electrical current is designed to flow
under normal operating conditions

[SOURCE: ISO 21498-1:2021, 3.3]

© IS0 2024 - All rights reserved
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3.3
lower voltage limit
minimum voltage of a voltage class B (3.13) sub-class disregarding transients (3.10) and ripple (3.8)

[SOURCE: ISO 21498-1:2021, 3.4]

3.4

maximum working voltage

highest value of AC voltage (rms) or of DC voltage that can occur under any normal operating conditions
according to the customer’s (3.1) specifications, disregarding transients (3.10) and ripple (3.8)

[SOURCE: ISO 21498-1:2021, 3.5]

3.5
operating status
General fiinctional behaviour of components which depend directly on the voltage in voltage-clads B (3.13)
electric cifcuits (3.2)

[SOURCE:|ISO 21498-1:2021, 3.1, modified — The term was originally "component openating status".]

3.6
power ndtwork
all compopnents within voltage class B (3.13) DC network including their coniections

[SOURCE:|ISO 21498-1:2021, 3.6]

3.7
rechargeable energy storage system
RESS
rechargedble system that stores energy for delivery of electtic energy for the electric drive

EXAMPLE Batteries, capacitors, flywheel.
[SOURCE:ISO 21498-1:2021, 3.7]

3.8

ripple
set of unwanted periodic deviations with réspect to the average value of the measured or supplied quantity,

occurring at frequencies which can be.xelated to that of components within a system
[SOURCE{ISO 21498-1:2021, 3.8]

3.9
supplier
party thaf provides voltage class B (3.13) components or systems

[SOURCE:ISO 21498;1:2021, 3.9]

3.10
transient
phenome TOT oT quattity whichvariesbetweemrtwoconsecutive att:ad_y statesdur ng= shrort-time interval
compared to the timescale of interest

[SOURCE: ISO 21498-1:2021, 3.10]

3.11
upper voltage limit
maximum voltage of a voltage class B (3.13) sub-class disregarding transients (3.10) and ripple (3.8)

Note 1 to entry: Maximum working voltages (3.4) within a voltage sub-class (3.15) are less than or equal to the upper
voltage limit.

[SOURCE: ISO 21498-1:2021, 3.11]

© IS0 2024 - All rights reserved
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voltage class A
classification of an electric component or circuit with a maximum working voltage (3.4) of <30 V AC (rms) or

<60 V DC
[SOURCE:
3.13

respectively

[SO 21498-1:2021, 3.12]

voltage class B
classification of an electric component or circuit with a maximum working voltage (3.4) of (>30and <1 000) V
AC (rms) or (> 60 and < 1 500) V DC respectively

[SOURCE:

[SO 21498-1:2021, 3.13]

3.14
voltage r
general te

[SOURCE;

3.15
voltage s
classificat

[SOURCE:

3.16

working
AC voltag
according

[SOURCE:

4 Abb

DUT
EV
0S
VCB

VCA

5 Geng

Ange
rm covering voltage sub-class (3.15), working voltages (3.16) and deviations from workin

[SO 21498-1:2021, 3.14]

ub-class
ion of an electric component or circuit with a DC voltage within thévoltage class B (3.13)

[SO 21498-1:2021, 3.15]

voltage
e (rms) or DC voltage that can occur in an electric.system under normal operating ¢
to the customer’s (3.1) specifications, disregarding-transients (3.10) and ripple (3.8)

[SO 21498-1:2021, 3.16]

reviated terms

device under test

electrically propelled roadwvehicle
operating status

voltage class B

voltage class-A

rral assumptions for voltage class B components

b voltages

onditions

General a

ssumptions and definitions for voltage class B systems shall be in accordance with I1SO 2

1 498-1.

Figure 1 shows a generalized view on a voltage class B component. Some of the connections shown may not
be available for all voltage class B components. All voltage profiles or voltage values in this document refer to
the voltage between the “Uycg+” and “Uycp-" terminals of a voltage class B component, if not otherwise stated.

Annex A gives an overview of typical components within an electrically propelled road vehicle.

A voltage class B component may have multiple interfaces for each type of voltage (see Figure 1: DC voltage
class B, AC voltage class B, voltage class A). For example, a DC/DC converter may interface to two voltage
class B electric circuits.

A voltage class B component may have multiple DC voltage class B terminals, which can be galvanically
separated. The tests described in this document shall be fulfilled for each of the DC voltage class B terminals.

© IS0 2024 - All rights reserved
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Key
1 VCB positive connection: Uycp+ 8 connection to further VCB component (e.g. AC or DC
power network)
2 VCB negative connection: Uycp- a  DUT.
3 VCA power b VCB circuit.
4 1/0 afjd bus signals ¢ VCA circuit:
5  VCA t¢rminal with direct connection to the d  Galvanic'separation between VCA and VCB.
refergnce potential
6  refergnce potential ¢ VEB terminals under test.
7  conngction to further VCB component (e.g. electric
motot)
Figure 1 — Generalized VCB component diagram
Figure 2 §ummarizes the voltage operatifigiranges and OS of a voltage class B component at its [JC voltage
class B tefminals. The overvoltage limit, the upper voltage limit and the lower voltage limit are prdperties of
the compgpnent.
Each volthge class B component shall have a voltage range in which it can be operated with its|specified
performapce (unlimited operating capability). All designated functions, including short-time| overload
operationfs, shall be available-Within this voltage range, the component operates in 0OS1.
Above a maximum voltage, a component may reduce its performance as specified. This specified [voltage is
c_all_ed the maximym un.li_mited operating voltage (Uma,‘(_un“mited_op). The component §hall provide its upper
limited operating:capability until the upper voltage limit (Uy,per 1imi) 1S reached. In this case, the cpmponent
operates Jn OSZ2;
Above th¢ upper voltage limit (U, i), the component may derate or cut-off its performange for self-

protection. The component shall withstand this overvoltage until the overvoltage limit (Uyyey jimit) iS

reached. In this case, the component operates in 0S3 or 0S4.

A component shall perform in 0S1 until the supply voltage drops to the minimum unlimited operating
voltage (Upin_unlimited op)- Between the minimum unlimited operating voltage (Unyin unlimited_op) and the
lower voltage limit (U)yyer 1imit)» the component may reduce its performance as specified. In this case, the
component operates in 0S2.

If the supply voltage is below U, e, jimiv the component may derate or cut-off its performance. In this case,
the component operates in 0S3 or 0S4.

© IS0 2024 - All rights reserved
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6 Test
6.1 Tes

6.1.1 P

In 6.1, the
Frequenc

6.1.2 A

Not all tes
the suppl

6.1.3 T,

The test
DUT oper

A
Unv,nc
/\
Overvoltage exceeded
(severe fault)
Overvoltage U
limit over_limit
Overvoltage:
0S3 or 0S4
Upper voltage U o
limit upper_limit
Upper limited operating
capability: OS2
Umax_unlimited_op
Unlimited operating
capability: 0S1 — Uinit
Uminfunlimitedfop
Lower limited operating
capability: OS2
Lower voltage U o
limit lower_limit
Undervoltage:
0S3 or 0S4 — Un
ov

Figure 2 — Component voltage range and limits of corresponding OS

5 and requirements
t parameters and general test requirements

irpose

specification of test parameters are described, including tolerances and general test requ
y, time and voltage levels used-for the tests are also introduced.

pplicability of tests

ts described in this-document are applicable for all voltage class B components. The cust
er shall agreeon the applicability of the individual tests for each component.

pst setup

setup/shall provide appropriate interfaces, connections and loads to achieve reprg
ation and characteristics. Measurement of voltages shall be performed at the DC volta

irements.

omer and

sentative
be class B

RN

terminal

£l
Ul'tlIC DU 1.

6.1.4 Voltages

Table 1 contains voltage definitions and their abbreviations.

© IS0 2024 - All rights reserved
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Table 1 — Voltage definitions and abbreviations

Test parameter Meaning
Usver limit Overvoltage limit?
Uipper limit Upper voltage limit?

Ulower_limit

Lower voltage limit?

U

max_unlimited_op

Maximum voltage for unlimited operating capabilityP

Unnin unlimited_op Minimum voltage for unlimited operating capability®

Uinit Initial voltage for all tests

Uycg Voltage within voltage class B range

Uyca.pe D€ partofthevottage t g at the termimats of the DU T

Uycp,ac AC part of the voltage Uy g at the terminals of the DUT (peak value)
Upp Peak-to-peak value of AC voltage

Uycg pidie Uycg,pc at no load operation

Uvcg,ppeak] Uycg,pc at peak power operation

U, Voltage in the undervoltage range

a  Voltagg defined in ISO 21498-1.
b See Figure 2 for illustration. The unlimited operating capability is defined in ISO 21498-Y.

6.1.5 Ppwers

Table 2 cdntains power definitions and their abbreviations.

Table 2 — Power definitions.and abbreviations

Test|parameter Meaning
P.ont Continuous power of the DUT
Prhax_gen Generated maximum power by the DUT
Ppeak Maximum short-ternt power of the DUT
Pidle Power of the DUT during no load operation
Prequest Power request to the DUT?
a2 This vilue is related to the desired output power of the DUT. The actual set value may have another physical qyantity (e.g.
current, speed, torque) depending on the DUT.

6.1.6 Temperatures

The tests

Thermal dlerating is fiot considered. All tests shall therefore be performed at ambient temperaturg.

If a comp
performa

n this docunient focus on the electrical behaviour of the component at the voltage class B

pnent.heeds additional liquid cooling, the cooling system shall be chosen as such that
hceisnot affected by thermal derating. Flow rate and coolant temperature shall be docu

erminals.

the DUT’s
mented.

When per

rorming the electric tests at difterent temperature levels, the customer and the supplier s

all agree

on how these tests are to be performed, e.g. using a climate chamber or using a heat exchanger for the liquid

coolant.

6.1.7 Times and durations

Table 3 contains definitions of times and durations and their abbreviations.

© IS0 2024 - All rights reserved
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Table 3 — Times/duration definitions and abbreviations

Test parameter Meaning

t Fall time (e.g. of a voltage profile or a transient event

f & gep
th Hold time (e.g. of a voltage profile)
tidle Duration of Py,

tpeak Duration of P,

t, Rise time (e.g. of a voltage profile or a transient event)
Crest Test duration

6.1.8 S-anrlarrl tolerances

Unless otherwise specified, the tolerances outlined in Table 4 apply with accuracy as shown in Talj
The tolergnces of the test equipment shall not lead to an OS change.

Tolerances shall only be applied in a way that requirements are not weakened.

Table 4 — Standard tolerances for test equipment

Test parameter Value

Amplitud¢ of AC voltage

0 % to +5 % relatingto the specified value b

Capacitanfe

+10 % of specified component value 2

DC voltage

*0,2 % ofl,

pper_limit

Frequency of AC voltage

*1 % relating to the specified value 2

Inductande

+10%-of specified component value 2

Resistancg

+10 % of specified component value 2

Time/duration

0 % to +5 % relating to the specified value b

a  The spkcified value is given in the test description or,in Annex B and Annex C.

b The spgcified value is given in the test description:The value may not be below the given value.

Table'5 — Accuracy of measurement

Test parameter Value

DC voltag¢ measurement

0,5 % of U,

upper_limit

AC voltag¢ measurement

DC curreqt measurement

+1 % of measured DC current or 100 mA, whichev:

br is higher

AC curren't measurement

+3 % of measured AC current or 100 mA, whicli
higher

ever is

2 For th¢ Uycp pelevel, see Annex B.

6.1.9 D|efault ambient conditions

Unless otherwise specified, the parameter values of ambient conditions outlined in Table 6 shall be used.

Table 6 — Default ambient conditions

Test parameter Value Remark
RT (23£5)°C Room temperature
RH 25%to 75 % Relative humidity
Tomb RT Ambient temperature
Teool According to specification or as agreed by the |Coolant temperature
customer and the supplier

© IS0 2024 - All rights reserved
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6.1.10 Wiring

The DUT shall be connected to the test setup using the following conditions. If there is an attached cable tail
at the DUT or a designated wiring, the test setup shall be connected at the end of the existing wiring. If not,
a cable with a maximum length of 2 m (straight and parallel if possible) shall be used to connect the DUT to
the test setup. The shielding of the wiring depends on DUT target configuration.

6.1.11 Load conditions

The DUT shall be connected to an appropriate load or source. For all tests, the DUT shall be operated at
continuous power, if not otherwise stated. If this condition can be reached at several operating points (e.g.
speed, torque), the customer and the supplier shall agree on an appropriate operating point.

Ifa comptl)nent can consume and deliver electrical energy (e.g. a motor or generator), the componel

tested in

6.1.12 Sampling rates and measured value resolutions

The samp
test. This
within a fi

6.1.13 D

Data acqu
digital sig

Data proc
measurer

6.1.14 P

All additi
During th
continuoy

both energy flow directions.

ling rate, bandwidth and resolution of the measuring system shall be adapted for the 1
document contains tests concerning DC operation only and tests concerning AC char4
requency range from 10 Hz to 150 kHz.

ata acquisition and processing

isition is the measurement of electrical signals (e.g. voltage or current) and the conve
nals (acquired data).

hent device or by post processing.

hrameter monitoring

nt shall be

espective
cteristics

rsion into

essing is the processing of the acquired data, e.g, filtering. The processing can be done by the

bnal parameters to be monitored shall*be defined for the relevant tests with their valyie ranges.
e complete test, the parameters to(be monitored shall be recorded. The data resulting from the
s parameter monitoring shall be‘examined for trends and drifting to detect abnormnjalities or

malfunctllons of the component. For components with fault memory, the customer and the supplier shall

priortot
monitore

6.1.15 Interface description

A detaile

6.1.16 Djocumentation

] and all entries shall bedecumented.

For docur

hertation, see individual requirements given during the test description.

e testing agree on which cdmponent behaviour to store during the test. The fault memoiy shall be

d description®of the states and electrical properties of all interfaces (measuring qetup and
componeit) shall beprovided.

6.2 DC

supply voltage variation within operational range

6.2.1 Purpose

This test verifies that the voltage class B component can perform as specified when the DC voltage varies
in the range between the lower voltage limit and the upper voltage limit. The purpose is to emulate real
battery operation.

© IS0 2024 - All rights reserved
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6.2.2 Testsetup

The test setup according to Figure 3 shall be used. The test setup consists of a variable voltage class B DC
power supply and the DUT. A profile for the voltage Uy, is given in Figure 4.

e

o —

b OS1 ata

has the

NN o S !
Al p========== 3 1 |
N - | |
+ 8 / ' |
|
7 6 d | b :
T —————————— - : |
[ F—————————- o2 )/
3 ' O i
EE—
s | |
5 B L ——
6
Key
1 VCB ppsitive connection: Uycp+ current sensory(optional)
2 VCB npgative connection: Uycg- voltage sensor (reference for Uyp)
3 VCA ppwer DUT.
4 1/0 and bus signals VCBdircuit.
5  VCA t¢rminal with direct connection to the VEA circuit.
referejnce potential
6 reference potential Wiring.
7  VCB DIC power supply Measurement devices.
Figure 3 — Test setup for DC.supply voltage variation within operational range
6.2.3 Test procedure
Install the DUT in a test setupyaccording to Figure 3. Verify that all functions operate according t
voltage wjithin the specification for unlimited operation (e.g. at U,;,).
Change the level of théwoltage class B DC power supply so that Uy meets the voltage profile in Figure 4 and
Table 7.
If a DUT has ng-OS2 (i.e. Upay unlimited_op Nas the same value as Uyper jimic a1d/0r Upyin unlimited_pp
same valyeasU),yer 1imit) the respective test procedures and test profiles shall be adapted accor?lingly. The
customer } o

The voltage Uy and relevant parameters to evaluate the OS shall be recorded during the test.
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U voltage b Umin_unlimited_op.
t time £ Umax_unlimited_op.
t; fall titne d Uypper limit.
th hold gme ¢ Uover_limit.
t. rise time F Uy
2 Ujowed limit. &  One testcycle.
Figure 4 — Voltage profile for DC supply voltage variation within operational rang¢
Table 7 — Test parameters for DC supply voltage variation within operational rangge
Test pqrameter Value Remark
Uinit (Umaxfunlimitedfop + Uminfunlimited,op ) /22 VOItage at start of test
th1 230s Hold time
te |AU/At| <2 V/sb Fall time, to be determined with |AU/AE|
thz _5 ) IIU}C‘[ tilllC
t, AU/At<2V/sP Rise time, to be determined with AU/At
th3 210s Hold time
AU <1V voltage increment of Uycp pc
n 1 Number of test cycles

a2 Orasagreed by the customer and the supplier.

b The voltage change rate may be faster if the DUT stays in stable operation.

6.2.4 Requirements

The DUT shall stay in OS1 for voltages equal to and in between U

and U

min_unlimited_op max_unlimited_op*
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The DUT shall stay in OS2 for a voltage below U,
voltage returns to a level equal to or above Uy, ynlimited op’
performance shall be obtained again.

in_unlimited_op’ but above or equal to Uj,yer jimit- After the
the DUT shall enter 0S1 and the specified

The DUT shall stay in OS2 for a voltage above U,
voltage returns to a level equal to or below U,y uniimited_op’
performance shall be obtained again.

but below or equal to Uy, jimir- After the

the DUT shall enter OS1 and the specified

ax_unlimited_op’

6.3 Generated voltage slope

6.3.1 Purpose

This test ¢valuates the generated voltage slope and confirms that it is within a specified maximun] rate.

6.3.2 Testsetup

For this test, a test setup according to Figure 5 shall be used. The test setup consists-ofithe DUT, g variable
voltage clpss B DC power supply and an artificial network.

The artificial network emulates the dynamic behaviour of a vehicle power network including the internal
resistance of the battery/batteries. The setup and impedance characteristicsfor the artificial network given
in Annex [C shall be followed. The test setup may be simplified if simplifying has no influence on the result.
Proof of the conformity of the artificial network is provided in Annex C.

The DUT pghall be connected to a voltage class B DC power supplyzand shall be able to change the|power on
request. The capacitor Cs is used to decouple the voltage class B\DC'power supply and the artificial network.
The capagitor Cg should be positioned as near as possible técthe artificial network and its valup shall be
greater tan or equal to 10 mF.

The voltage Uy,cg shall be measured within the artificiakhetwork (see C.2).

- T T T "
F——————————3<11 1 :
[
[
n / I |
7 e f | 6 d : b :
— \ |
[
[
—————————— [
Feee - L2
3 T T T T 1 l
1 G
— ¢ |
. .5. | :
I L __
6
Key
1  VCB positive connection: Uy g™t = DUT.
2 VCB negative connection: Uycp. b VCB circuit.
3  VCA power ¢ VCA circuit.
4 1/0 and bus signals d  Wiring.
5  VCA terminal with direct connection to the ¢ Decoupling capacitor Cg
reference potential
6 reference potential f Artificial network (see Annex C).

7  VCB DC power supply

Figure 5 — Test setup for generated voltage slope
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6.3.3 Test procedure

Install the DUT in a test setup according to Figure 5. Verify that all functions operate according to OS1 at a
voltage within the specification for unlimited operation (e.g. at U,;,).

The voltage slope shall be generated by changing the power request of the DUT according to the test
parameters outlined in Table 8 and Figure 6.

The voltage Uy shall be acquired from the start of a power change request until the voltage reaches a
steady state.

The test cycles may be performed separately or in one sequence.

FOTRS 1T gy), both
ways shall be tested.

The voltage Uy,p shall be monitored and evaluated for positive and negative slope.

Table 8 — Test parameters for generated voltage slope

Test pgqrameter Value Remark

Uycg? Voltage within the specification for unlimited |Voltage level-during Py,
operation (e.g. Uj,;o)

Pheak As agreed by the customer and the supplier | Maximu'short term power of the DUT
Pidle As agreed by the customer and the supplier  |Power'of the DUT during no load opgration
tidle >10s Duiration of Py,
theak 22sb Duration of P,
N 3 Number of test cycles

Uycg dpiring P,y shall be chosen accordingly to avoid an OS chdnge to 0S3/4 due to the peak power request.

b For defining ¢

peaks derating of the DUT shall be considered,

Figure 6 dhows the required profile of the power‘tequest and an example of the resulting voltage qurve for a
DUT, whig¢h consumes electric energy.

YA U A

Ty

Lidle Upeak Lidle : t Lidle Upeak Lidle

a) Profile of Pp¢qyest b) Example of corresponding voltage Uycp
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Key

Y Prequest a Pidle.

U voltage Uycp b Poeak

t time ¢ Uycgppeak.

tige ~ duration of Py, 4 Uycppidie.

tpeak  duration of Pq, ¢ One testcycle.

Figure 6 — Profile of P .4, and corresponding voltage during generated voltage slope

To ensure comparable results, a standardized evaluation method of the acquired voltage is necessary.

Therefore
Afterwar
The maxi
and the d

, the acquired voltage shall be low-pass filtered to reduce the influence of volta
s, the discrete-time derivation of the filtered signal shall be calculated, using a discrete-
mum value of the resulting signal equals the maximum slope. The parameters of thelow
screte-time evaluation are given in Table 9.

Table 9 — Data processing and evaluation for generated voltage:slope

be ripple.
time step.
pass filter

Parameter description Value
Filter-typg Low pass: IIR (Bessel)
Filter ordg¢r 2
Cut-off frdquency (3 dB) 1 kHz
Discrete-tfime step for evaluation 1 ms
6.3.4 Requirements
All measyred values shall be recorded and documented.\lt'shall be verified that the voltage slope ik within a
specified fate. The customer and the supplier shall agree on this value. Example values are given in|Table B.1.
6.4 Immunity to voltage slope
6.4.1 Purpose
This test|simulates a voltage slopeiat the DC voltage class B terminals of the component to |verify its

robustnes

642 T,

For this t
class B po

s. This test verifies stable-electrical operation of the component, when a voltage slope is

bst setup

wer supply-ahd the DUT. A profile for the voltage Uy is given in Figure 8.

applied.

bst, a test setup according to Figure 7 shall be used. The test setup consists of a variablle voltage
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Key
1 VCB positive connection: Uycp+ 8 current sensor (optional)
2 VCB negative connection: Uycp- 9  voltage sensor (reference for Uycg)
3 VCA power a  DUT
4 1/0 and bus signals b VCB circuit.
5  VCA terminal with direct connection to the ¢ VCA circuit:
referdnce potential
6  refergnce potential d  Wiring:
7  VCB OC power supply e Measurement devices.
Figure 7 — Test setup forimmunity to voltage slope
6.4.3 Testprocedure
Install the DUT in a test setup according to Figure 7, Verify that all functions operate according tp 0S1 at a
voltage wjithin the specification for unlimited operation (e.g. at U;,).
Change Uj,cp as defined in Figure'8 and Table 10.
The test shall be repeated fof-the number of test cycles specified in Table 10 in one sequence. The tgst voltage
Uycg and felevant parameters to evaluate the OS of the DUT shall be recorded during the test.
The test shall be repeated for all operating statuses specified in Table 10.
Table 10 — Test parameters for immunity to voltage slope
Test pallameter Value Remark
0S 0S1, 0S2 Upper and lower limited operating range
Uinit (Umax_unlimited_op + Umin_unlimited_op )/2 a VOItage atstart of test
t, AU/At=1 or 10 or 20 V/ms Rise time, to be determined with AU/At
th 22s Hold time
te |AU/At| =2 1 or 10 or 20 V/ms Fall time, to be determined with |AU/At|
n 3 Number of test cycles

a  Orasagreed by the customer and the supplier.
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Key
U voltage b Umin_unlimited_op.
t time ¢ Upay unlimited_op.
t, hold fme d Uypper limit.
e fall tirEf F U
t. rise time g  Start-up phase.

h
Uowen limit. One'test cycle.

Figure 8 — Voltage profile forimmunity to voltage slope

6.4.4 Requirements

It shall bg verified that the voltage class B operating status of the DUT in the respective operating voltage
range dods not change due to voltage slope occurring in the voltage class B circuit. The DUT shall perform as
specified.

6.5 Generated voltage ripple

6.5.1 Purpose

This test|describes a,Standardized test setup and test method to enable comparability of the generated
voltage ripple of . %oltage class B components. In this document, voltage ripple within a frequenhcy range
between 10 Hz.and 150 kHz is considered. Voltage ripple is characterised by its peak-to-peak voltpge in the
time dompin‘and its dominating frequencies.

6.5.2 Testsetup

For this test, a test setup according to Figure 9 shall be used. The test setup consists of the DUT, a variable
voltage class B DC power supply and an artificial network.

The artificial network emulates the dynamic behaviour of a vehicle power network and the internal
resistance of the battery. A setup and impedance characteristics for the artificial network are given in
Annex C and shall be followed. The test setup may be simplified if simplifying has no influence on the result.
Proof of the conformity of the artificial network is provided in Annex C.
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The DUT shall be connected to a voltage class B DC power supply. The capacitor Cg is used to decouple the
source and the artificial network. The capacitor Cg should be positioned as near as possible to the artificial
network and its value shall be greater than or equal to 10 mF.

The voltage Uyg within the artificial network (see C.2) shall be monitored and evaluated.

- T T K
p=======—==F1 | !
i |
7 g £ 6 4 : b :
! |
e — |
l - Kl :_ 2 |
LS P A
i = |
— c
. .5. | :
I M _
6
Key
1 VCB positive connection: Uycg+ a2 DUT.
2 VCB negative connection: Uycg- b VCB circuit
3 VCA power ¢ VCA circuit.
4 1/0 afd bus signals d Wiring,
5  VCA t¢rminal with direct connection to the ¢ Decoupling capacitor Cg.
referdnce potential
6  refergnce potential fi% Artificial network (Annex C).
7  VCB OC power supply
Figure 9 — Test setup for generated voltage ripple
6.5.3 Testprocedure
6.5.3.1 |General
Install the DUT in a test setiip according to Figure 9. Verify that all functions operate according t
voltage wjithin the specification for unlimited operation (e.g. U;)-
The voltage Uycg, mithin the artificial network shall be monitored and evaluated. An example i
Figure 10
For the teptthe'DUT shall be operated in 0S1 at a specified operating point. To determine worst-ca
ripp]e, thé DUT shall work in the operating point where the highqu nmp]ifndp of the gpnprnfpd volt

o —

b OS1 ata

5 given in

Ke voltage

ge ripple

is expected. If the operating point is not known, the DUT shall be operated at a DC working voltage and with
an output power as defined in Table 11. The test cycles may be performed separately or in one sequence. If the
highest ripple is expected to be reached with various operating points (e.g. speed and torque), the customer
and the supplier shall agree on the operating points themselves as well as the number of operating points.
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Table 11 — Test parameters for generated voltage ripple

Test parameter Value Remark
Uinit (Umax_unlimited_op + Umin_unlimited_op )/2 a VOltage at start OfteSt
UVCB Uinit' Umax_unlimited_op' Umin_unlimited_opb DC Working VOltage levels
P Ppeak” Output power of the DUT
twindow 1s Window length
trest 21s Time of one test cycle
n 3 Number of test cycles
a2  Orasagreed by the customer and the supplier.
b Defaulf values if the operating point with worst case ripple is not known.

The test dycles may be performed separately or in one sequence. During each test cycle thesoperating point
shall be stable.

6.5.3.2 |[Evaluation in the time domain

To deterrpine the peak-to-peak value Upp of the generated voltage ripple, the ‘maximum and minimum
measured voltage values shall be used as depicted in Figure 10. For data acquisition and data progessing in
the time domain, the parameters in Table 12 shall be used. The measured.voltage ripple in the tinle domain

shall be dpcumented.

U 4

A

a

\4
Key
U voltage Uy,
t time b Lrest.

¢ twindow.

Figure 10— Example of the acquired voltage (Uyg) in the time domain

Table 12 —<Data acquisition and processing in the time domain for generated voltage ripple

Parameter description

Value

Sampling rate for data acquisition

21 MS/s

Filter-type

Low pass: IIR (Bessel)

Filter order 2
Cut-off frequency (3 dB) 150 kHz

6.5.3.3 Evaluation in the frequency domain

There are different methods to process the acquired signal from the time domain to the frequency domain.
The customer and the supplier shall agree on the method to be used. The chosen method shall be documented

with all parameters used.

© IS0 2024 - All rights reserved
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The frequency spectrum and the dominating frequencies of the measured voltage ripple shall be documented.
The evaluation shall be performed for each operating point. An example of the result is given in Figure 11.

Examples for the test setups and methods are given in Annex D.

Y

1IN
10 Hz 100 Hz 1 kHz 10 kHz 10060z f

Key
Y amplifude of the voltage in the frequency domain
f  frequéncy

Figure 11 — Example of the acquired voltage (Uyg) in the frequency domain

6.5.4 Requirements

6.5.4.1 |Requirements in the time domain

It shall b¢ verified that the peak-to-peak value, U, of the generated voltage ripple is within thel specified
limit of the corresponding voltage class. Half of the-peak-to-peak value, Uy, shall be less than a given limit
Uycg,ac_tithit (Y2'Upp < Uycp ac_timit)- Example valuésffor Uycp ac_jimit are given in Table B.2.

6.5.4.2 |[Requirements in the frequency domain

All amplifude variations shall not exceed the maximum values according to the frequency-dependent limit
shown in [Figure 12.

Y A
197

1/2
1/3

\/

10 Hz 1kHz 50 kHz |150 kHz f

100 kHz
Key
Y amplitude modification of Uycg ac jimit
f  frequency

Figure 12 — Frequency-dependent amplitude modification of the limit for generated voltage ripple

© IS0 2024 - All rights reserved
18


https://standardsiso.com/api/?name=24184f54aa92eac70e0d1f34e2fbf8cc

ISO 21498-2:2024(en)

6.6 Immunity to voltage ripple

6.6.1 Purpose

This test verifies stable electrical operation of the component when a voltage ripple is present on the class B
supply voltage. In this test, the behaviour of the component at frequencies between 100 Hz and 150 kHz is
evaluated.

6.6.2 Testsetup

For this test, a test setup according to Figure 13 shall be used. A voltage class B DC power supply provides
the DC part (Uycg pe) of Uycg. The AC part (Uycg ac) of Uycg shall be generated by an AC voltage source. A

coupling/decoupling network (e.g. a transformer) shall be used to combine the DC and AC voltages|
Due to the wide frequency range, the test setup can be changed during the test (e.g. change th¢ coupling
transfornper, AC voltage source).
€ a
7 - —y T 1
@ =1 1 :
|
|
8 / ! |
10 9 | 6 d : b :
|
\ | !
—— - —— —— — |
11 I pemeiioonoc H 2 |
3 Tt T K l
4 — Nl 6
—1 c
.é. | :
I L
6
Key
1  VCB positive connection: Uycg+ 9  voltage sensor (reference for Uyg)
2 VCB negative connection: Uycg- 10 coupling/decoupling network
3 VCA power 11 AC voltage source
4 1/0 anjd bus signals a  DUT
5  VCA terminal with direct conhection to the b VCB circuit.
refergnce potential
6  refergnce potential ¢ VCA circuit.
7  VCB OC power supply d  Wiring.
8  currept sensor e Measurement devices.
Figure 13 — Test setup for immunity to voltage ripple

6.6.3 Testprocedure

Install the DUT in a test setup according to Figure 13. Verify that all functions operate according to 0S1 ata
voltage within the specification for unlimited operation (e.g. U,;,).

The customer and the supplier shall agree on the number of operating points tested as well as the operating
points themselves.

Adjust the operation voltage Uycg p¢ according to Table 13 and Uycg ac, as agreed by the customer and the
supplier. The frequency of the sinusoidal test voltage shall vary according to the parameters outlined in
Table 13. The frequency sweep may be separated into several sequences.
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The amplitude of the sinusoidal test voltage shall be verified at all frequency points. The hold time at each
frequency step shall be long enough to record all values, at least 2 s.

The maximum amplitude of the voltage ripple is expected in the frequency range between 1 kHz and 50 kHz
due to the switching frequency of power electronic devices and their included harmonics. Beyond this
frequency range, the given amplitude can be modified according to Figure 14. All variations that are higher
than the amplitude modification given in Figure 14 are also valid.

If the AC current exceeds a limit agreed upon by the customer and the supplier (e.g. due to resonant effects),
a deviation of the applied sinusoidal test voltage is allowed for that specific frequency. The deviation shall
be recorded. The current amplitude limit depends on specific vehicle components and system topology.
Example values for current amplltude 11m1ts at the respectlve frequency are given in Table B.4. Depending
on the freque = = od accorc Lo Fi

The supefimposed alternating test voltage and current at the voltage class B terminals shall|be|recorded
during the test. Relevant parameters to evaluate the OS of the DUT shall also be recorded.

The test shall be repeated for the number of test cycles and for all voltages Uycg p¢ spe€ified in Tabjle 13. The
test cycles may be performed separately or in one sequence.

Table 13 — Test parameters for immunity to voltage nipple

Test pgqrameter Value Remark
0S 0S1, 0S2 Operating status
UVCB,DC Uupper_limit' Umax_unlimited_op' Uinit' Umin_unlimited_op' DE part of UVCB
lower_limit
Uycp ac As agreed by the customer and the supplier 8 \JPeak value of the overlaid sinusoidal test
voltage
f 100 Hz - 150 kHz P Frequency range of the overlaid sinysoidal
test voltage Uycp ac
Af E12¢ series. Smaller increments may be used if| Frequency increment within one deqade
necessary
th 22s Hold time at each frequency
n 3 Number of test cycles

a  Example values are given in Table B.3.
b Ifnecefsary, the customer and the supplier shall agree on deviations.

¢ SeelE€60063.
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100 kL~
TOOUKITZ

Key
Y; amplifude modification of Uycg a¢ (solid line)

Y, amplifude modification of current amplitude limit (dashed line)
f  frequency

Figire 14 — Frequency-dependent amplitude modification for immunity to voltage ripple

6.6.4 Requirements

Evidence shall be provided that the voltage class B operating statlis*of the DUT in the respective pperating
range dogs not change due to the overlaid sinusoidal test voltage:The DUT shall perform as specified.

6.7 Overvoltage

6.7.1 Purpose

This test fevaluates the robustness of the component in case the DC voltage rises above the uppegr voltage
limit. The{test verifies whether the component;can protect itself or withstand a specified maximujm voltage
limit within the overvoltage limit. The behaviour of the component may differ depending on the power
request.

6.7.2 Testsetup

For this test, a test setup aceording to Figure 15 shall be used. The test setup consists of a variablle voltage
class B D power supply and\the DUT. A profile for the required voltage Uy is given in Figure 16.
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Key
1 VCB positive connection: Uycp+ 8 current sensor (optional)
2 VCB negative connection: Uycp- 9  voltage sensor (reference for Uycg)
3 VCA power a  DUT
4 1/0 and bus signals b VCB circuit.
5  VCA terminal with direct connection to the ¢ VCA circuit:
referdnce potential
6  refergnce potential d  Wiring:
7  VCB OC power supply e Measurement devices.
Figure 15 — Test setup for overvoltage
6.7.3 Test procedure
Install th¢ DUT in a test setup according to Figure 15. Verify that all functions operate according tp 0S1 ata
voltage wjithin the specification for unlimited operation (e.g. U,;,).
The DUT $hall be ready to operate but no power request is applied (no power is consumed or provided).
Apply thg voltage profile aéeording to Figure 16, with the parameters in Table 14, while recgrding the
voltage Uf,cp.
The test dycles may beperformed separately or in one sequence.
Table 14 — Test parameters for overvoltage
Test parameter Value Remark
Uinit (Umax_unlimited_op + Umin_unlimited_op )/2 a VOltage at start of test
ty 20s Hold time
t, AU/At<2V/sb Rise time, to be determined with AU/At
te |AU/At| <2 V/sb Fall time, to be determined with |AU/At|
n 3 Number of test cycles

a2 Oras agreed by the customer and the supplier.

b Voltage change rate may be faster if the DUT stays in stable operation.
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6.7.4 Requirements

The DUT

DUT, a rey

After test

within th

6.8 Un

lervoltage

6.8.1 Purpose

| thl Gl En Gl En | & LB | Ef | B |

le »l

e

U voltage

a Uinit.

b Umax_unlimited_op.
¢ Uupper_limit.

d Uover_limit.

e %One test cycle.

Figure 16 — Voltage profile for overvoltage

upper_limit*

ing with the overVvoltage pulse, verify that all functions operate according to OS1 at
e specification forunlimited operation.

shall be operational according to the component specification for 0S3 or 0S4. Depending on the
et of the DUT may be necéessary after the test voltage falls below U,

a voltage

This test

1 - w1 1 - £l — 1 b aVal 1 1 h T |
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the lower

voltage limit. The test verifies whether the voltage class B component can perform as specified during an

undervoltage event. The behaviour of the component may differ depending on the power request.

6.8.2 Testsetup

For this test, a test setup according to Figure 17 is used. The test setup consists of a variable voltage class B
DC power supply and the DUT. A profile for the voltage Uyp is given in Figure 18.
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Key
1 VCB positive connection: Uycp+ 8 current sensor (optional)
2 VCB negative connection: Uycp- 9  voltage sensor (reference for Uycg)
3 VCA power a  DUT
4 1/0 and bus signals b VCB circuit.
5  VCA tgrminal with direct connection to the ¢ VCA circuit:
referdnce potential
6  refergnce potential d  Wiring:
7  VCB OC power supply e Measurement devices.
Figure 17 — Test setup for undervoltage
6.8.3 Test procedure
Install the¢ DUT in a test setup according to Figure 17. Verify that all functions operate according tp OS1 at a
voltage wjithin the specification for unlimited operation (e.g. at U;,).
The DUT ghall be ready to operate but no power request is applied (no power is consumed or provided).
Apply thg voltage profile aéeording to Figure 18, with the parameters in Table 15, while recdrding the
voltage Uf,cp.
Between the first and the second voltage drop, a power request shall be applied and the DUT shal] consume
or provid¢ power ¢orresponding to OS1.
In the event ofiindervoltage, operation with the performance specified for the voltage class B pperating
status OSB ©x 054 shall be verified.
The test cycles may be performed separately or in one sequence.
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Table 15 — Test parameters for undervoltage

Test parameter Value Remark
Uinit (Umax_unlimited_op + Upnin_unlimited_op )/22 Voltage at start of test
U, Ujower_limit /22 Voltage in the undervoltage range
th 20s Hold time
te |AU/AE| < 2 V/sb Fall time, to be calculated with |AU/At|
t, AU/At < 2 V/sP Rise time, to be calculated with AU/At
P P.ont Continuous power
n 3 Number of test cycles

o

Or as dgreed by the customer and the supplier.

o

Voltagg change rate can be faster if the DUT stays in stable operation.

P
" T T T
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A . . . . . . . . .
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) o o 0S1
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e
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b,
a o - 1| osy
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ov >
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| »l
- >

e

Key

P Prequebt U voltage

PO Pidle a Um.

P 1 P cont b Ulowerflimit.

t time ¢ Umin_unlimited_op.
t;  fall titpe 4 Upic

t, hold gme ¢ One test cycle.

t rise time

Figure 18 — Voltage profile for undervoltage

6.8.4 Requirements

The DUT shall be operational according to the component specification for 0S3 or 0S4. Depending on the
DUT, areset of the DUT may be necessary after the test voltage rises above Ujyyer 1imit-

After testing with the undervoltage pulse, verify that all functions operate according to 0S1 at a voltage
within the specification for unlimited operation.
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6.9.1 Purpose
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This test evaluates the robustness of the voltage class B component in case the insulation resistance

decreases.

This test covers the worst-case condition, which is the electrical connection of one of the two power lines to

the reference potential.

6.9.2 Testsetup

For this tEst, a test setup according to Figure 19 and Figure 20 is used. The test setup consists,of
power supply and the DUT. A connection between the voltage class B DC power's

class B D

conductivie housing of the DUT and/or reference potential shall be installed.

A profile for the voltage Uyp is given in Figure 21.
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Key
1  VCB positive connection: Uycg+ 8  current sensor (optional)
2 VCB negative connection: Uycg- 9  voltage sensor (reference for Uyg)
3 VCA power a DUT.
4 1/0 anjd bus signals b VCB circuit.
5  VCA terminal with direct connection to the ¢ VCA circuit.
refergnce potential
6  refergnce potenitial d  Wiring.

7  VCB OC powetsupply

Measurement devices.

o

Figu re 19 — lestsetup Ior voltage oiiset with VLB negative connection shorted to reifer

potential
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Key
1 VCB positive connection: Uycp+ 8 current sensor (optional)
2 VCB negative connection: Uycp- 9  voltage sensor (reference for Uycg)
3 VCA power a  DUT
4 1/0 afd bus signals b VCB circuit.
5  VCA tgrminal with direct connection to the ¢ VCA circuit,
referdnce potential

6  refergnce potential d  Wiring
7  VCB OC power supply ¢ _Measurement devices.

Figure 20 — Test setup for voltage offset with’VCB positive connection shorted to referpnce
potential

6.9.3 Test procedure

a) Insta]l the DUT in a test setup according to Figure 19. Connect the following to a common |reference
poterftial:

— nlegative voltage class@Byconnection (Uycg_) of the DUT (Figure 19, key reference 2);

pltage class A tenminal with direct connection to the reference potential (Figure 19, key reference 5);

<

— cpnductive housing (Figure 19, key references a and e).

Verify that all fuhetions operate according to OS1 at a voltage within the specification for pnlimited
operation| (e.g.atU; ;).

The DUT [shall operate in an operating point corresponding to OS1. The customer and the supplier shall
agree on this operating point.

Change Uycg as defined in Figure 21 and Table 16 and verify that the DUT behaves as specified for the
respective OS.

b) Install the DUT in a test setup according to Figure 20 connecting the following to a common reference
potential:

— positive voltage class B connection (Uycg+) of the DUT (Figure 20, key reference 1);
— voltage class A terminal with direct connection to the reference potential (Figure 20, key reference 5);

— conductive housing (Figure 20, key references a and e).
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Verify that all functions operate according to 0S1 at a voltage within the specification for unlimited
operation (e.g. at U;,;).

The DUT shall operate in an operating point corresponding to OS1. The customer and the supplier shall
agree on this operating point.

Change Uycp as defined in Figure 21 and Table 16 and verify that the DUT behaves as specified for the
respective OS.

U A ‘/\
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| | | | 054
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I B I
b | ) B | |
I | N | | 05t
I (. I
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| Lo | S~
| Lo | ‘
I thy 1t It &1t I t
< »l
a
Key
U voltage a One test cycle.
t time b Umax_unlimited_op.
te fall time ¢ Uypper.limit.
th hold gime d Uover_limit.
t. rise time e Uinit.
Figure 21 — Voltage profile for voltage offset
Table 16 — Test parameters for voltage offset
Test parameter Value Remark
Uinit (Umax_unlimited_op + Umin_unlimited_op ) /22 VOItage atstart of test
th1 30s Hold time
te RU/ATT T2 VST Falt Time, to be catculated with [AU/At|
tho 10s Hold time
t, AU/At<2V/s? Rise time, to be calculated with AU/At
n 2 One cycle with positive and one cycle with
negative potential shorted to reference
potential

a2 Orasagreed by the customer and the supplier.

b Voltage change rate can be faster if the DUT stays in stable operation.
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6.9.4 Requirements

If the DUT operates according to 0S4, a reset may be necessary at the beginning of the next cycle and no
operation is required during fall time.

Evidence shall be provided that the DUT behaves as specified for the respective OS relevant for the DC
voltages in the voltage profile.

6.10 Generated load dump voltage

6.10.1 Purpose

This test Jerifies whether a voltage class B component can [imit the overvoltage during a [oad dump.
The resulfing voltage change rate that occurs during a load dump is one of the main subjects‘of ‘this test and
needs to he documented because it may affect other components connected to the voltage,class B gystem.
6.10.2 Test setup
For this fest, a test setup according to Figure 22 is used. The test setup consists of a variable voltage
class B DL power supply operating as a power sink and switches. The custemer may request exfra circuit
componeits to be added to the test setup between the switches (see Figure’22, key reference 1()) and the
measurerpent devices (see Figure 22, key reference e) to represent a certain power network of intgrest.
€ a
R =S\ I I ’.
| I e |
\‘gj g 11 !
n / | |
7( 10 9 ¢+ 6 d : b |
— \ |
|
|
- —— — — — — — —> — |
e [ ¢ ——- ::_:__2_______!
3 CTT T T T 1 l
— |
1 = | 6
"o -] c |
5 T l |
6
Key
1 VCB positive connection: Uy g+ 8  current sensor
2 VCB negative connéction: Uycg- 9  voltage sensor (reference for Uyp)
3  VCA power 10 switches (e.g. mechanical or semiconductor)
4 1/0 anjd bus.signals a  DUT
5 VCA t}rminal with direct connection to the b VCB circuit.
refergnce’potential
6  reference potential ¢ VCA circuit.
7  VCB DC power supply (sink) d  Wiring.

e Measurement devices.

Figure 22 — Test setup for generated load dump voltage

6.10.3 Test procedure

Install the DUT in a test setup according to Figure 22 with closed switches. Verify that all functions operate
according to OS1 at a voltage within the specification for unlimited operation (e.g. at U;,;). The DUT shall
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be operated at an operating point corresponding to 0S1, providing electrical energy to the sink. Adjust
the working voltage Uy and the delivered power Ppr according to Table 17 during the time interval, key
reference a in Figure 23, and wait until steady state is reached.

Open the switches while recording the voltage Uy and current in the time domain.
Opening the switches during the test will lead to an electric arc (in case of using mechanical switches). Due

to the switch-specific influence of the electric arc, the Uy and the current shall be documented, and the
customer and the supplier shall agree on the test results.

Figure 23 gives an example of an acquired voltage profile Uy, neglecting electric arc effects. This may vary
according to the DUT.

The test dhall be repeated n times for each voltage specified in Table 17. The test cycles shall be gderformed
separatel}.
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UA . . . 0
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Key
t time b Voltage characteristic to evaluate.
U VOltag € ¢ Umax_unlimited_op.
Y  VCB spvitch status 4 Uypper limit.
YO SWitCIES open ¢ Uover_limit.
Y, switches closed f Uycs
a  Start-lip phase: g  One test cycle.
NOTE Thepulse shape after the switches are opened is shown as a dotted line as an example. The pulke shape is
not be definedbefore the test takes place because it depends on the characteristics of the DUT.

Figure 23 — Profile for switch status and example for acquired voltage for generated load dump voltage
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Table 17 — Test parameters for generated load dump voltage

Test parameter Value Remark
Upie (Umax_lmlimited_Op + Upnin_unlimited_op )/ 2° Voltage at start of test
Uycs Uinitr Umax_unlimited_opr Umin_unlimited_op Voltage level before the switches are
opened
Ppur Prax_gen Delivered DC VCB power by the DUT before
the switches are opened
n 3 Number of test cycles

a  Orasagreed by the customer and the supplier.

6.10.4 Requirements

Evidence [shall be provided to show that the voltage Uyg does not exceed the overvoltage limit ¢
time integtval, key reference b in Figure 23.

The genefrated overvoltage, including the rise time (using 10 % and 90 % of the _voltage rise
referencep c to e in Figure 23), shall be recorded and evaluated.

In addition, evidence shall be provided that the DUT meets its specifications-after the test.
6.11 Immunity to load dump voltage

6.11.1 Pprpose

This test [verifies if a voltage class B component can withstand the fast voltage rise and the oy

caused by

6.11.2 Test setup

aload dump.

uring the

from key

ervoltage

For this test, a test setup according to Figure 24*is‘used. The test setup consists of a variable voltage class B

DC power

load dump generator shall be added.

A voltage profile for the voltage UygdSgiven in Figure 25.

supply and the DUT. If the voltageclass B DC power supply cannot provide the requirg

d slope, a

10 e a
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Key
1  VCB positive connection: Uycg+ 9  voltage sensor (reference for Uyg)
2 VCB negative connection: Uycg- 10 load dump generator (optional, if needed)
3  VCApower a  DUT
4 1/0 and bus signals b VCB circuit.
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5  VCA terminal with direct connection to the
reference potential

reference potential

VCB DC power supply

8  current sensor (optional)

Figure 24 — Test setup for immunity to load dump voltage

6.11.3 Test procedure

Install th

ISO 21498-2:2024(en)

VCA circuit.

Wiring.

Measurement devices.

voltage wj

The DUT

The tests

is rapidly|increased to its end value U,

reached i
afterwarq
documented.

If the DU

The test @

Key

t time

t, hold ime

Uﬂ

e

DY T atestsetup according to Figure 24~ Verify tiatatt functions operate according t
ithin the specification for unlimited operation (e.g. at U;,;)-

shall operate in an operating point corresponding to OS1. The customer and-the’ supj
agree on this operating point.

farts with the voltage U;,;; as indicated in Table 18 and Figure 25. After the hold time, ¢;, t
¢ as indicated in Table 18 and Figufe 25. After the

s end value, the voltage class B DC power supply may hold the voltage and decrease t
Is as indicated in Figure 25. The entire resulting voltage profile‘ifidicated in Figure 2

 enters 0S4, the DUT shall be reset between test cycles.

ycles may be performed separately or in one sequence:
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Table 18 — Test parameters for immunity to load dump voltage

Test parameter Value Remark
Unit (Umax_untimited_op + Unmin_unlimited_op )/ 2? Voltage at start of test
ty 30s Hold time
t, 210 ms? Pulse width
t, e.g. AU/At > 250 V/ms b Rise time, to be calculated with AU/At?
Uy 10 % of AU (AU = Uyyer jimit = Uinit) Voltage level at the start of t,
Uso 50 % of AU (AU = Ugyer 1imit - Uinit) Voltage level to evaluate ¢,
Uy 90 % of AU (AU = U,yer fimit ~ Uinit) Voltage level at the end of .
a <2 min Duration of one test cycle
n 3 Number of test cycles
a  Oras dgreed by the customer and the supplier.
b An example for calculation is given in B.3.

6.11.4 Requirements

Evidence

abnormaljities during the test shall be documented.

6.12 Short circuit

6.12.1 P

This test

componeit, between voltage class B positive and negative connection.

Note

6.12.2 T;

The test
customer

For this t
power su
measuren
switch, s}

define a dfifferent cablelength compared to 6.1.10.

shall be provided that the DUT behaves as specified for the respective OS after the

irpose

verifies whether a voltage class B component{can withstand a short circuit, extery

For rechargeable energy storage systems (RESS), see ISO 6469-1:2019 chapter 6.5.1.

pst setup

and the supplier.

est, a test setup according to Figure 26 is used. The test setup consists of a voltage d
bply, a switch and tHe )DUT. The maximum short circuit resistance between the termin
hent device (FigureZ26, key reference e), which are connected to the DUT, including {
jall be less than or equal to 5 m{). To represent an intended vehicle topology, the cust

test. Any

jal to the

setup, including the equipment, procedure and requirements, are to be aligned carefully by the

lass B DC
als of the
he closed
hbmer may
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Key
1 VCB positive connection: Uycg+ 9  voltage sensor (referencefor Uycg)
2 VCB negative connection: Uycp- 10 switch (e.g. mechanical’or semiconductor)
3  VCA power a2 DUT
4 1/0 and bus signals b VCB circuit.
5  VCA tg¢rminal with direct connection to the ¢ VCA circuit
referdnce potential
6  refergnce potential d  Cables\(shielding optional).
7  VCB OC power supply ¢ Measurement devices.
8  currept sensor
Figure 26 — Test-setup for short circuit
6.12.3 Test procedure
Install the DUT in a test setup according to Figure 26 with open switch. Verify that all functior]s operate
according to OS1 at a voltage withimthe specification for unlimited operation (e.g. U; ;-
For the test, the DUT shall be operated in OS1 at an operating point where the worst case is expedted. If the
worst cage is expected to bereached with various operating points (e.g. speed and torque), the|customer
and the spipplier shall agn€e'on the operating points themselves as well as the number of operatihg points.
Typically,[{the DUT shall.be operated at the highest voltage within OS1. Default values for the vqltage and
power ar¢ given in Table 19.
Adjust th¢ voltagexliy,cg and the delivered power P according to Table 19. Close the switch while pecording
the voltage Uyagtin the time domain. The switch may chatter or have a transition phase. The voltage Uyp

Figure 27

and the cfirrent shall be documented and the customer and the supplier shall agree on the results.
shows anwmwwmmvmmﬁﬂf—

The test cycles may be performed separately.
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Y  VCB spwitch status U voltage
YO SWitCI open 2 Ulower_limit.
Yl switch closed b Umin_unlimited_op.
t time ¢ Upie
tf fall titpe d Umax_unlimited_op.
t, hold gime ¢ Oneteéstcycle.
Figure 27 — Example for recordéd voltage for short circuit
Table 19 — Test parameters for short circuit
Test pagameter Value Remark
Uinit (Umax_unlimited_op + Umin_unlimited_op )/2 a VOltage at start of test
Uycg Umax_unlimited op Voltage level before the switch is cloped
Pput Pigie?, Ppeax™? aNd/Or Ppyay gen P Delivered DC VCB power by the DUT|before
the switch is closed
th1 10s Hold time
tho 60s2 Hold time during short circuit
te Dépending on test equipment and DUT Fall time
n 3 Number of test cycles
a  Oras dgreedipythe customer and the supplier.
b Defaulf yalue, where worst case is expected.

6.12.4 Requirements
The DUT shall operate according to the component specification for the respective OS during the test.

After the test, verify that all functions operate according to 0OS1 at a voltage within the specification for
unlimited operation.

If the customer and supplier agree, the actions in the service concept of the customer shall be followed
before verification of all functions according to 0S1. This may include the change or reset of short circuit
protection devices (e.g. fuses).
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