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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 proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The requirements for voltage class B electric circuits that are 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 regarding 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 regarding to voltage. It provides appropriate descriptions and definitions for
requirements and characteristics of voltage class B systems for electrically propelled vehicles.

Thd
des
sub

voltage sub-class itselfand the component characteristics have alarge costimpact onthe
gn and on the overall design of the electric system. Additionally, a high variety of differ
Lclasses and operating conditions impedes the use of an existing componentjih.'differ

component
ent voltage
ent vehicle

modlels. The standardisation of voltage sub-classes and characteristics and thecreduction ¢f varieties

will
con
Fin

Thi
ene
clag
vol{

ISO
eled

scenarios as well as deviations from normal operation. The descriptions are generalized 3

pur]

The
per
maj

enable the reduction of component and system costs. This allows the decotpling of thg
ponent designs of a voltage class B electric circuit from the design of, the electric ene
hlly, the exchange of components from different suppliers for different cwstomers is facili

5 document provides definitions of and for voltage sub-classes and-eharacteristics for re
gy storage systems (RESS) and electric propulsion systems. It defines specific values for
ses based on maximum working voltage. Voltage sub-classes listed in this document a
age class B systems of all kinds of current or future electrieally propelled road vehicles.

21498-2 provides electrical tests for electric and electronic components at voltage class
trically propelled road vehicles. All relevant characteristics are covered considering us

pose, setup, procedure and requirements for the tests.

specifications in this document are not intended to restrict the development of
formance or technology. The given definition of sub-classes does not exclude the us
Kimum operating voltages for an individual system design.

system or
'gy source.
fated.

chargeable
these sub-
e used for

B used for
1al driving
nd include

Component
e of other
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Electrically propelled road vehicles — Electrical
specifications and tests for voltage class B systems and
components —

Part 1:
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Scope

5 document applies to voltage class B electric propulsion systems dnd connected
tric systems of electrically propelled road vehicles. Additionally, it applies to electric c
ponents in these systems.

5 document provides specifications of voltage sub-classes related to DC electric circu
vides specifications of characteristics which are relevant for design and operation of sy
ponents for the voltage sub-classes.

5 document does not cover electrical safety (see ISO 17409 and the ISO 6469 series).

Normative references

following documents are referred to in thé text in such a way that some or all of th
Ktitutes requirements of this document. ‘For dated references, only the cited edition 4
ated references, the latest edition of theireferenced document (including any amendmen

TR 8713, Electrically propelled read vehicles — Vocabulary

Terms and definitions
the purposes of this document, the terms and definitions given in ISO/TR 8713 and the follo

and [EC maintain terminological databases for use in standardization at the following adg

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

IEC EleCtropedia: available at http://www.electropedia.org/

31

component operating status

| auxiliary
ircuits and

its. It also
rstems and

Pir content
pplies. For
[s) applies.

wing apply.

dresses:

general functional behaviour of components which depend directly on the voltage in voltage class B
(3.13) electric circuits (3.3)

3.2

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

3.3

electric circuit
entire set of interconnected electric/electronic parts through which electrical current is designed to
flow under normal operating conditions
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3.4

lower voltage limit
minimum voltage of a voltage class B (3.13) sub-class disregarding transients (3.10) and ripple (3.8)

3.5

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 (3.2) specifications, disregarding transients (3.10) and ripple (3.8)

3.6

power network

all componfents within voltage class B (3.13) DC network including their connections

3.7

rechargeable energy storage system

RESS
rechargeal

EXAMPLE

3.8

ripple

set of unw
quantity, o

3.9
supplier
party that

3.10
transient
phenomen

interval compared to the timescale of interest

3.11
upper volt
maximum

le system that stores energy for delivery of electric energy for the electricdrive

Batteries, capacitors, flywheel.

anted periodic deviations with respect to the average value of the measured or supplied

Ccurring at frequencies which can be related to that of comppnents within a system

provides voltage class B (3.13) components or systéms

bn or quantity which varies between, two consecutive steady states during a short t

age limit
voltage of a voltage class B3:13) sub-class disregarding transients (3.10) and ripple (3.8)

Note 1 to e

upper voltage limit.

3.12

voltage clgss A
classificatipn of an electric component or circuit with a maximum working voltage (3.5) of < 30 V
(rms) or < p0 V DCrespectively

3.13

voltage class B

try: Maximum working-yoltages (3.5) within a voltage sub-class (3.15) are less than or equal tg

ime

the

AC

classification of an electric component or circuit with a maximum working voltage (3.5) of (> 30 and
<1000) VAC (rms) or (> 60 and < 1 500) V DC respectively

3.14

voltage range
general term covering voltage sub-class (3.15), working voltages (3.16) and deviations from working

voltages

3.15

voltage sub-class
classification of an electric component or circuit with a DC voltage within the voltage class B (3.13)
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3.16

working voltage
AC voltage (rms) or DC voltage that can occur in an electric system under normal operating conditions
according to the customer’s (3.2) specifications, disregarding transients (3.10) and ripple (3.8)

4 Abbreviated terms
IGBT insulated gate bipolar transistor
0S npprnfing status

MOPFET metal-oxide-semiconductor field-effect transistor

The
and
the
to g
aux

The
and
the
volt
con

An
clag
isv

General assumptions for the voltage class B system

DC voltage class B system in electrically propelled road vehicles consists of electric c
the wiring harness that connects the components. Its main parts arethe’electric energy
electric drive. The primary function of the DC voltage class B systemis the supply of elec
ropel the EV. Other functions are charging of a RESS, supply of ¥oltage class A electric d
iliary components.

main energy flow in the DC voltage class B system is caused’by the electric drive, the eng
an external DC power supply if any. Besides that, the high current load, transients an
system mostly originate from these components and have major influence on the desig
age class B system. Within this document transients and ripple, which are generated
ponent, are referred to as “generated transients’>and “generated ripple”.

pxample of a voltage class B system is shown in Figure 1. The actual configuration of
s B electric circuit of the electric propulsion system and its connected auxiliary electric ¢
bhicle-specific and specified by the customer.

bmponents
source and
tric energy
ircuits and

rgy source
d ripple in
h of the DC
by a single

the voltage
bmponents
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voltage class B electric circuits

————————————————————————— I e v vy
: DC circuit 1) AC power |
) : I supply circiut :
|
: lectri o B it !
------- | electric energy source |
| voltage class | | & : : | | external AC
I Aor Belectric | | 1 | | power su.pply |
| circuits | [ ' ! : circuit |
1 ) < !
I Ll DC/DC on-board ! !
1 i ter 2 h Vehlcle il |
l ! conver = charger inlat l |
I I ) - i !
------ - ! _E IL_________I
! further =] e e e e e e e e == -
| s Q |
| auxiliary S ] N -1
| components % | 1 »external D¢
| (e.g. heater) o | 1 power supply |
: 2 DC : circuit :
2 .
| 2. DC cotr)lgfctlon . vehicle e |
! inlet | |
! | ]
! | |
|
I

|

l —————— e —
electric A/C power :
compressor electronics [T TS T T T T T T oo -

AC circuits

traction motor

Key
P - voltage class B connections

PR other electrical connections

Figure 1 — Example of an electric system for an EV

6 Voltage sub-classes

The specifications and requirements on voltage sub-classes shall apply to electric circuits, systems pnd
components of voltage ¢lass B.

The specificationsand descriptions of voltages for a component shall apply to the voltage at its termipals
to the voltdge class B electric circuit, if not otherwise stated in this document.

The voltagp ‘suib-classes shown in Table 1 are based on the specification of an upper voltage limif for
each voltage sub-class. Technical background for selection of voltage sub-classes is given in Table A.1.

4 © IS0 2021 - All rights reserved
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Table 1 — Voltage sub-classes

Voltage sub-class Upper voltage limit
B_220 U<220VDC
B_420 U<420VDC
B_470 U<470VDCa
B_750 U<750VDCP
B_850 U350V DT
B_1250 U<1250VDCe

B_470 is considering 700 V breakdown voltage for IGBT and dedicated module technology (Table A!L):
B_750 is related to a voltage classification of 750 V DC given by regulation in Japan.
B_1250 is considering the limit of 1 000 V AC for voltage class B.

7.1
Thd

Thd
Thd
cus

The
volt

Different requirements-may be specified by the customer for a RESS when it is connected to

clag
veh

For
ove

Characteristics of voltage sub-classes

General
specifications and characteristics for voltage sub-classe®include the following subjects:
component operating status;
voltage operating ranges;
undervoltages and overvoltages;
voltage transients and ripple for compgnents.

voltage ranges and operating status.shall apply to all components for the selected voltag

fomer and supplier.

requirements in accordance with Table 1 shall apply to a RESS when it is disconnecte
age class B electric cjrcuit.

s B electric circuit because the voltage of a RESS is limited to the maximum working vo
icle project dnd given by the number of battery cells.

each _voltage sub-class, the corresponding working voltages, component operat
Fvoltage and undervoltage are described as follows.

b sub-class.

voltage sub-class depends on the vehicle project and shall be selected by an agreement between

d from the

the voltage
tage of the

ng status,

7.2

r 'y 4=3. i
LUIIPUIITIIt UpPTI auug S2LdiludS

The operating status describes the general operating behaviour of components. It depends directly on
the voltage at the terminals of a component of the voltage class B electric circuit and is focused on
performance and electrical power.

In every operating status, the components shall fulfil the following requirements:

it shall be ready to operate;

it shall not enter any undefined states;

The different operating statuses are described in Table 2.
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Table 2 — Component operating status

Operating status

Description

0S1

The component shall automatically change its operating status depending on the volt
relevant for the operating status.

The component shall provide the specified performance (reduction of performance notallowed).

age

0S2

deviations (reduction of performance allowed).

The component shall automatically change its operating status depending on the volt
relevant for the operating status

The component shall provide the specified reduced performance within its permissible

age

0S3

The component may derate or cut-off its performance for self-protection purpose.

The component shall automatically change its operating status depending on thevol{
relevant for the operating status.

hge

0S4

The component may cut-off its performance.

Triggered by a reset or an external event (e.g. change of ignition status; restart vehi
the component shall change its operating status depending on the voltage relevant for
operating status.

le),
the

The specif
the voltage

Detailed rq
on an agre

7.3 Volt

For furthe}
introduced

upper

ed operating statuses in Table 2 are valid exclusively for functions that depend directly
in voltage class B electric circuits.

quirements for an operating status for individual voltagéclass B components shall be ba
ement between customer and supplier.

hge operating ranges

description of characteristics of a voltage sub-class, different voltage operating ranges
as follows:

imited operating capability;

— unlimited operating capability;

lower

Figure 2 sh

The specif
capability)

The chara
allocation

7.4 Und

imited operating capability:

ows an overview on thewvoltage operating ranges of a voltage sub-class.

are specified bythe customer for a vehicle project.

Cteristics af a component in the different voltage operating ranges are specified by
bf operating statuses to the voltage operating ranges as described in 7.5.

erveltage and overvoltage

c values for voltageoperating ranges (upper limited, unlimited and lower limited operat

y on

sed

are

—

ng

the

741 Ge

neral

Voltage deviations are caused by deviations from normal system operation. These deviations can occur
intentionally (e.g. as a consequence of a system or component reaction) or may be caused by a fault.

Voltage deviations as follows are considered:

overvoltage;

— undervoltage.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=d4c7d0311b21b0966b83b4c0abd94aa9

1SO 21498-1:2021(E)

7.4.2 Overvoltage

An overvoltage event may be caused by a component in generator mode while another component is
turned-off (e.g. power network without battery stabilization).

The overvoltage range is defined between:
— upper voltage limit, and

— overvoltage limit (see Figure 2).

The—overvo age imitis the maximum vo age tha an o nder abnorma gg-A-:
Therefore, the overvoltage limit is the maximum voltage a component shall withstand wit
on its specified service life. Within the overvoltage range, the operating status 0S3 or 0S4 a
Table 2 shall be fulfilled and the component is allowed to take action to protect itself.

ccording to

When the voltage exceeds the overvoltage limit temporarily or continuously) a severq fault, e.g.
brepkdown of a component, may occur.

7.4]3 Undervoltage

Belpw the lower voltage limit an undervoltage range is defined. This range indicates a voltage that is
belgw the lowest voltage in normal operation. At normal operation‘an undervoltage event mpy occur as
a sHort-time event.

Sevpral causes may lead to reaching undervoltage duringvehicle operation (e.g. resonant effect caused
by qwitching).

An findervoltage event may occur, if the componentthas a power request or not.

Thg undervoltage range is the range between:

— [0V DC, and

— |lower voltage limit (see Figure 2J:

The lower voltage limit is the lowest voltage for which a component shall fulfil 0S2 or OS1.

Within the undervoltage range; the operating status OS3 or 0S4 according to Table 2 shall b¢ fulfilled.

7.5 Allocation of voltage ranges and operating status - Overview

Figlire 2 showsthe’allocation of a component operating status to the voltage operating fanges of a
voltlage sub-class:

© IS0 2021 - All rights reserved 7
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NOTE 4

U A
/\
Overvoltage exceeded
S fault
Overvoltage (Severe fault)
limit Overvoltage:
0S3 or 0S4
Upper voltage
limit
Upper limited operating
capability: 0S2
Unlimited operating
capability: 0S1
Lower limited operating
capability: 0S2
Lower voltage
limit
Undervoltage:
0S3 or 0S4
oV

Figure 2 — Component operating status-at'a voltage sub-class

\n example for voltage operating ranges of voltage'sub-class B_220 is given in Table A.2.

A dedicate

values for rI
The maxi

limit of thi

The minimum working voltage is the lowest voltage that can occur under normal operating condit

for a vehic
lower volt4

A compong
which are

Figure 3 s}
different wj

1 voltage sub-class can be used for different vehicle projects. Within this sub-class, diffe
perating ranges and minimum and maximum working voltages can be used.

um working voltage for the velticle project shall be less than or equal to the upper volt
5 voltage sub-class.

e project. The minimum/working voltage for a project shall be higher than or equal to
ge limit of the compaénents.

int developed for”a dedicated voltage sub-class can be used for different vehicle proj
1sing different voltage ranges within this voltage sub-class.

ows how a'voltage sub-class B_x component can be used for different vehicle projects v
orkingwoltages.

fent

age

ons
the

pCts

vith
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Component for

U A voltage sub-class B_x Vehicle project A Vehicle project B AU
/\ /\
| Overvoltage exceeded Overvoltage exceeded
Overvoltage (Severe fault) (Severe fault)
limit Overvoltage: | Overvoltage:
0S3 or 0S4 Overvoltage: 0S3 or 0S4 Maximum working
Uppel" Vf)ltage — 0S3 or 0S4 — voltage project B
limit
Upper limited operating Upper limited operating Maxi K
capability: 052 1 ] capability: 052 - Maximum working
Upper limited operating voltage project A
R R SIRILEIRKS capability: 0S2
U UpCl dLllls e .
botel capability: 0S1 | Unlimited operating capability: 0S1
ITOITISI PP PO I AN IOt capability: 0S1
i§i:‘if§§§§§§§§§§§§§§§§f§§§§:§:§:§% Lower limited operatin&
SIS EEEEEEELEEEEELLY 7 g capability: 0S2 Miniium working
K Lower limited operating:<i | Lower limited operating, NN .
e 7/ e voltdge project B
capability: 0S2 capability: 0S2
Ldwer voltage )J . .
limit Undervoltage: [— Minirpum working
Undervoltage: | Undervoltage: 0S3 or 0S4 voltdge project A
0S3 or 0S4 0S3 or 0S4
ov I ov
Fighre 3 — Use of a component for voltage sub-class B_x for different vehicle projects + Example
7.6| Voltage transients and ripple
7.6]1 General

A voltage transient is a singular dynamic change that can occur due to on- or off-switching g

load
havi
cirg

Ar

Senn|

7.6

Av
ove
and
reg

Ali
for

Eve|

e an effect on the voltage at the terminals-of a component connected to the voltage clas
uit. Voltage transients considered in this’document are voltage slope and load dump.

jpple is a quasi-periodical or contihuous change that can be caused by periodic sv
iconductors.

2 Voltage slope

bltage slope is a singular dynamic change of the working voltage expressed in voltage]
I time. It does not 9cour periodically or continuously. It is typically due to a change of pow
is mostly associafed to a component action (e.g. accelerating, regenerative breaking or ¢
1Ilation by software).

mitation©fithe voltage dynamics is necessary for a stable operation of the vehicle. A maxi
oltagéslope shall be agreed between customer and supplier.

f electrical

s, rapid load changes and electric load imbalance. This document only considers transients which

5 B electric

ritching of

difference
er demand
pntrol loop

mum value

uit voltage

r'z.component that is controlled by power electronics shall limit the change of the DC cirg

ove

Time according to the specified maximum generated voitage Siope-

All components shall be robust against voltage slope in the voltage class B system. In the event of a
change of the DC circuit voltage according to the specified maximum slope, the component shall fulfil

the

7.6.

conditions according to the corresponding operating status.

3 Load dump

A load dump is an abrupt disconnection of a high load. If a component feeds electrical energy into
the voltage class B electric circuit during the load dump this can result in a fast transient increase of
voltage. The voltage might exceed the overvoltage limit, if no means of limitation are provided.

© IS0 2021 - All rights reserved
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Every component, which is able to feed electrical energy into the voltage class B electric circuit shall
limit the rise time and the peak value of the voltage according to the specifications agreed between
customer and supplier.

Every component shall be able to withstand a rapid voltage rise up to the overvoltage limit during a

load dump.

7.6.4 Voltage ripple

Voltage ripple is an overlay of an AC voltage on the DC voltage. The switching of semiconductors inside

componen
ripple cons
project.

In this doc
the time d
dominatin

s causes this aoverlay In the power network of the vehicle several ripplp sources create a
isting of several frequencies. This frequency composition depends on the specific vellicle

iment voltage ripple within a frequency range between 10 Hz and 150 kHz is consideredl. In
main, the ripple is specified by its peak to peak voltage and in the frequency domain by its

b frequency components within a set frequency range.

Every component controlled by power electronics shall limit its generated voltage ripple (amplitude

and frequency range) to the values agreed between customer and supplier.

For every ¢omponent, robustness and stable operation shall be fulfilled when there is a voltage ripple
present dufing the operation of the system.

In general) the voltage ripple in the DC circuit should be optimized regarding, e.g. robustness of|the
components.

10 © IS0 2021 - All rights reserved
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