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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about 1SO’s adherence to the WTO principles in the Technical
Barriers to Trade (TBT)'see’ the‘following URL:! “Foreword - 'Supplementary information

The committee responsible for this documentis TC ISO/22/SC37.
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Introduction

Nowadays, the market size of electric propulsion vehicles and their components is expanding over the
world. In accordance with this popularization, to establish various types of standards for developing the
equipment has gotten largely required. First specifications and requirements for sub-classes of voltage
class B are given in ISO PAS 19295. The existing Standard ISO 16750-2 on electrical tests of automotive
components covers only equipment used for voltage class A. It is not suitable to apply on components
for electric propulsion system operating at high voltage known as voltage class B because there are
differences of working conditions and requirements between low and high voltage systems.

This Standard provides electrical tests for electric and electronic components at voltage class B used for
electrically propelled road vehicles. The tests are described in a general way. Examples for optional
component specific adaptations are given in the Annex.

When considering contents of this Standard, normal conditions of components from usual driving
status have to be simulated as testing operations. Class B systems experience normal operation at a
wide voltage range as well as rapid d.c. voltage increase and decrease due to specific operating
conditions. Additional to this an a.c. voltage overlay caused by switching semiconductors inside
components has to be taken into account. To guarantee stable operation of class B systems, its
components have not only to meet the required robustness against such effects but also to limit e.g. the
a.c. voltage they generate.

Furthermore deviations from normal" oOperation have to be “addressed. Such deviations can occur
intentionally or may be caused by a fault. For example, an abrupt voltage change known as load dump
caused by switching off electric loads is considered to be a part of this standard.

Voltage class B components may have a class A terminal handled by ISO 16750-2. Currently, the
influence of the voltage class B by load variation of Class A is very small. Therefore, no tests have to be
considered at present. But in the future, it is expected that DCDC converter will supply the electric
power from voltage Class A to voltage class B the so-called “bidirectional conversion”. As soon as this
technology reaches a maturity, adding of respective tests might be necessary.

6 © ISO - All rights reserved
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Electrically propelled road vehicles — Electrical tests for voltage
class B components

1 Scope

This Standard applies to electric and electronic components used for electrically propelled road
vehicles. It applies to components including electric power sources and loads connected to voltage class
B electric circuit of an electric propulsion system. The standard focuses on the behaviour at the d.c.
voltage class B terminals of these components.

The standard describes testing methods, test conditions and test requirements for components exposed
to electrical behaviour at a d.c. voltage class B electric circuit, caused by operation of electric loads and
power sources.

This standard does not cover electrical safety (see ISO 6469, ISO 17409).

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest editiomof.the teferencedidocument)(includingianyramendments) applies.

ISO PAS 19295:2016, Electrically propelléd road-vehicles'-= Spécification of voltage sub-classes for voltage
class B

3 Terms and definitions

For the purposes of this document the definitions in ISO TR 8713 and the following terms and
definitions apply.

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

— IEC Electropedia: available at http://www.electropedia.org/
— ISO Online browsing platform: available at http://www.iso.org/obp

31

component operating status

describes the general functional behaviour of components which depend directly on the voltage in
voltage class B electric circuits

3.2
customer
party that is interested in using voltage class B component or system

3.3

electric circuit

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

© ISO - All rights reserved 7
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3.4

electric propulsion system maximum working voltage

highest value of d.c. voltage that can occur in an electric propulsion system under any normal operating
conditions according to the customer's specifications, disregarding transients

3.5
generator mode
electric power is provided by the component

3.6

maximum working voltage

highest value of a.c. voltage (rms) or of d.c. voltage that can occur in an electric system under any
normal operating condition according to the customer's specifications, disregarding transients

Note 1 to entry: In this definition taken from ISO 6469-3, transients includes ripple.

3.7
rechargeable energy storage system (RESS)
system that stores energy for delivery of electric power and which is rechargeable

EXAMPLE to entry Batteries, capacitors, etc.

3.8

ripple

set of unwanted periodic deviations with respect to the average value of the measured or supplied
quantity, occurring at frequencies which can be'related to'that of components within a system

3.9
supplier
party that provides voltage class B component or system

3.10

transient

pertaining to or designating a phenomenon or a quantity which varies between two consecutive steady
states during a time interval short compared with the time-scale of interest

3.11

voltage class A

classification of an electric component or circuit with a maximum working voltage of less than 30 V a.c.
(rms) or 60 V d.c.

NOTE 1 to entry: Values for voltage class A are taken from ISO/DIS 6469-3.

3.12

voltage class B

classification of an electric component or circuit with a maximum working voltage between 30 V a.c.
(rms) and 1000 V a.c. (rms) or between 60 V d.c. and 1500 V d.c.

3.13
upper voltage limit
maximum voltage of a voltage class B sub-class

8 © ISO - All rights reserved
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Note 1 to entry: Maximum working voltages within a voltage sub-class are less than or equal to the voltage limit.

3.14
voltage range
general term covering voltage sub-class, working voltages and deviations from working voltages

3.15
voltage sub-class
classification of an electric component or circuit with a d.c. voltage within the voltage class B

3.16

working voltage

a.c. voltage (rms) or d.c. voltage that can occur in an electric system under normal operating conditions
according to the customer’s specifications, disregarding transients

Note 1 to entry: In this definition taken from ISO 6469-3, transients include ripple.

4 List of Abbreviations

DUT device under test

EV electrically propelled road vehicle
HV high voltage

LISN line impedance stabilization network
0S operating status

RT room temperature

5 General assumptions for voltage class B-Network
5.1 The d.c. voltage class B system

The d.c. voltage class B system in electrically propelled road vehicles consists of electric components
and the wiring harness to connect the components. Its main parts are the electric energy source and the
electric drive. The primary function of the d.c. voltage class B system is the supply of electric energy to
propel the EV. Other functions are charging of an RESS, supply of voltage class A electric circuits and
auxiliary components.

The main energy flow in the d.c. voltage class B system is caused by the electric drive, the energy source
and an external d.c. power supply if any. Besides the high current load also transients and ripple in the
system mostly originate from these components. Therefore they have major influence on the design of
the d.c. voltage class B system. Within this standard transients and ripples, which are generated by a
single component, are referred to as “generated transient” and “generated ripple”. Transients and
ripples within this class B system, which the components of the system are exposed to, are referred to
as “present transient” and “present ripple”.

© ISO - All rights reserved 9
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An example of a voltage class B system is shown in Figure 1. The actual configuration of the voltage

class B electric circuit of the electric propulsion system and its conductively connected auxiliary electric
components is vehicle specific and specified by the customer.

r 7
voltage class

| |
| AorB |
: electrics I
circuits
| L _
| |
| |
L J

voltage class B
DC power net

voltage class B electric circuits

DC circuit

electric energy source

DC/DC
converter

further
auxiliary

components

(e.g. heate

r)

*L power distribution unit }—

electricA/C

compressor

power
electronics

———————— q
[ AC power |
| | supply circuit I
[
| l
i |
[ |
( on-board AC
charger vehicle
L inlet
L J
N =
|
|
|
( DC connection DQ
box vehicle
L inlet
|
|
_______________ -
AC circuits —I
|
|
|
|
_______________ il

Figure 1 - Example @fameélectric system for an EV

5.2 HV components
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Figure 2 shows a generalized view on a voltage class B component. Some of the connections shown may
not be available with all voltage class B components. The specifications and descriptions of voltages for
a component shall apply in this standard to the voltage at its terminals “HV+” and “HV-“ if not otherwise

stated.

A voltage class B component may have multiple interfaces of each type of voltage (Voltage class B d.c,,

voltage class B a.c., voltage class A, according to Figure 2). For example a d.c./d.c. converter may

interface to two voltage class B electric circuits.

A HV component may have different voltage class B d.c. terminals. The tests described in this document

shall be fulfilled for each of these terminals.

10
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Voltage class B terminals
under test

g —I -
1 — 1] Voltage r 3
2 — ——ll class B I—- — 4
| I circuit IL_ I
R e
SO s i w w i
6 — __l| Voltage I
w [ class A | 8
7 [ circuit |
I [t i
Key
d.c. voltage class B connection:
1 HV+
2 HV-
Secondary voltage class B connection:
3 e.g. electric motor
4 e.g.a.c. or d.c. power net
Voltage class A connections:
5 Voltage class A power
6 I/0 and bus signals
7 Terminal with direct connection to battery minus or ground
Equipotential bonding:
8 Electrical chassis
Internal galvanic separation:
9 Galvanic separationbeteen voltage classA.and voltage class B circuits

Figure 2 - Generalized voltage class B component diagram

For the purpose of testing Figure 3 summarizes the voltage operating ranges and OS of a voltage class B
component at its voltage class B d.c. voltage terminals according to ISO PAS 19295. The overvoltage
limit, the upper voltage limit and the lower voltage limit are properties of the component. Each voltage
class B component shall have a voltage range within it can be operated in full performance (unlimited
operating capability) and in which all designated functions, including short-time overload operations
shall be available. According to ISO PAS 19295 components operating within this voltage range are in
0S1.

Above a maximum voltage a component may reduce its performance as specified. This maximum
voltage is called the “maximum unlimited operating voltage” (Umax unlimited.op).- The component shall
provide its upper limited operating capability until the upper voltage limit (Uupperiimit) is reached.
According to ISO PAS 19295 the component operates in 0S2.

Above the upper voltage limit (Uupper_iimit) the component may derate or cut-off its performance for self-
protection. The component shall withstand this overvoltage until the overvoltage limit (Uover.iimit) is
reached. In this case the component operates in 0S3 or 0S4 according to ISO PAS 19295.

A component shall perform in 0S1 until the supply voltage drops to the “minimum unlimited operating
voltage” (Umin_unlimited op)- Between this voltage and the “lower voltage limit” (Uiower limit) the component
may reduce its performance as specified. In this case, the component performs in OS2 according to ISO
PAS 19295.

© ISO - All rights reserved 11



260
261

262

263

264

265

266
267
268

269
270
271

ISO DIS 21498:2018

If the supply voltage is below the lower voltage limit (Uiower 1imit) the component may derate or cut-off its
performance. In this case the component operates in OS3 or 0S4 according to ISO PAS 19295.

u DC
Labels according to
ISO/PAS 19295
u over_limit Ove;vo_lmge

imit

upper_limit Upper Vf)ltage
limit

U max_unlimited op Unlimited operating
nom_unlimited_op capabi]ity: 0Ss1
min_unlimited_op
U lower_limit IOWE‘IT v<_)ltage

imit

oV
Figure 3 - CommponentOS atvoltage'operating ranges
6 Tests and requirements
6.1 Test parameters and general test réquirements

6.1.1 Purpose
This chapter describes specification of test parameters including tolerances and general test
requirements. Frequency, time and voltage levels used for the tests are introduced.

6.1.2 Testsetup
The DUT shall provide appropriate interfaces and loads to achieve representative operation and
characteristics. Measurement of voltages shall be performed at the voltage class B terminals of the DUT.

12 © ISO - All rights reserved
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272  6.1.3 Voltages

273 Table 1 - Voltages used
Test parameter Value
Uover limit Overvoltage limit2)
Uupper_limit Upper voltage limit2)
Uiower Jimit Lower voltage limit?)
Umax_unlimited_op Maximum voltage for unlimited operating capability?)
Unom_unlimited_op Nominal voltage for unlimited operating capabilityb)
Unmin_unlimited_op Minimum voltage for unlimited operating capability®)
a) Voltage defined in ISO PAS 19295
b) See Figure 3 for illustration. The unlimited operating capability is defined in ISO PAS 19295

274

275  The nominal voltage for unlimited operating capability shall be calculated as follows:

Unom_unlimited_op = (Umax_unlimited_op + Umin_unlimited_op) + 2

276 6.1.4 Temperatures

277 Table2-fAbbréviations for températures
Test parameter Value
Trmin Minimumsoperating temperature
Trmax Maximum operating temperature
Thest Test temperature
Teool Coolant temperature
Tecoolhigh Highest coolant temperature
Tecooliow Lowest coolant temperature
278

279  Temperature classification is shown in Annex B.

280  If the electric tests are performed at different temperature levels, Annex C gives guidance how to
281  perform these tests.

© ISO - All rights reserved 13
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6.1.5 Times and durations

Table 3 - Abbreviations for times/durations

Test parameter Value

tr Rise time (e.g., of a voltage profile)
t Fall time (e.g., of a voltage profile)
th Hold time (e.g., of a voltage profile)
trest Test duration

6.1.6 Standard tolerances

Unless otherwise specified, the tolerances in accordance with Table 4 apply with accuracy as shown in

Table 5

Tolerances refer to the required setting value. Tolerances of the component measurement shall not lead

to an OS change.

Table 4 - Standard tolerances for test equipment

Test parameter

Value

d.c. voltage value

+0,2 % of Uupper_limit

Amplitude of a.c. voltage value

=0 % to +5 % relating to the specified value2

Frequency of a.c. voltage

1%

Resistance

+5%

Inductance and capacitance

+10%

Time/duration

-0%to+5%

a) The specified value is given in the test description. The amplitude may not be smaller than the given value.

Table 5 - Accuracy of measurement

Test parameter

Value

Voltage measurement

+ 0,5 % of Uupper_limit

Current measurement

*+1 % or 100 mA, whichever is greater

6.1.7 Ambient conditions

Unless otherwise specified, the values in accordance with Table 6 apply.

14
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Table 6 - Test conditions

Test parameter Value

RT Trr=23°Cx5°C
Relative Humidity 25%to 75 %
Test temperature Ttest = Trr™
Coolant temperature Tcoot = Tr1%

a) RT shall be used if temperature has no impact

6.1.8 Sampling rates and measured value resolutions

Sampling rate and/or bandwidth and resolution of the measuring system shall be adapted for the
respective test. This standard contains tests concerning d.c. operation only and tests concerning a.c.
characteristics within a frequency range from 10 Hz to 150 kHz.

6.1.9 Parameter monitoring

All additional parameters to be monitored shall be defined for the relevant tests with their value ranges.
During the complete test, the parameters to be monitored shall be recorded. For components with fault
memory, the fault memory shall,be_monitoxed and @alljentries shall be documented. The data resulting
from the continuous parameter monitoring shall be examined for trends and drifting to detect
abnormalities or malfunctions of the component.

6.1.10 Interface description _
A detailed description of the"states and ‘electrical properties of all’intérfaces (measuring setup and
component) shall be provided.

6.2 Direct current supply voltage

6.2.1 Purpose

The following test verifies that the DUT is able to perform as specified, when d.c. voltage changes in the
range between the lower voltage limit and the upper voltage limit, considering the real battery
operation.

6.2.2 Testsetup

The test setup in Figure 4 shall be used for all d.c. supply voltage tests of the voltage class B electric
system. Length [ for the shielded cables shall be at least 200 mm or the length of the original cables
installed in the dedicated vehicle project.

© ISO - All rights reserved 15
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