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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 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 document should be noted. This document was drafted in accordance with the editorial rules of the
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Electrically propelled road vehicles — Functional and safety
requirements for power transfer between vehicle and
external electric circuit —

Part 3:

DC pow

1 Scop

Pt ] l-“

Cl U1Id

14)

This document in combination with ISO 5474-1 specifies requirements for conductive powe

using dire
external e

This docu

ct current (DC) with a voltage up to 1 500 V d.c. between electrically propelled road vg
ectric circuits.

ment provides requirements for conductive charging in mode*4 “according to IEC 61

mode 4, thiis document provides requirements regarding the power transfer only with isolated DC

equipmen{
The requif

An outlook

according to IEC 61851-23.
ements in this document are applicable to vehicle power supply circuits.

of requirements for megawatt charging applications is given in Annex B.

This documnent does not provide:

but they af

requiy

requiy

ements for simultaneous operation of multiple power transfer interfaces and
ements for power transfer while driving (electric road systems)

e under consideration.

This docuinent does not provide:

2 Nor

requiy

compt

ements for mopeds and'motorcycles (which are specified in [SO 18246);

ehensive safety inférmation for manufacturing, maintenance and repair personnel.

ative references

The followjing do€uments are referred to in the text in such a way that some or all of their content ¢
requiremgnts‘fithis document. For dated references, only the edition cited applies. For undated 1
the latest ¢dition of the referenced document (including any amendments) applies.

r transfer
hicles and

851-1. For
EV supply

onstitutes
eferences,

ISO 5474-1:2024, Electrically propelled road vehicles —Functional requirements and safety requirements for
power transfer —Part 1: General requirements for conductive power transfer

ISO 6469-3:2021, Electrically propelled road vehicles — Safety specifications — Part 3: Electrical safety

ISO 26262

(all parts), Road vehicles — Functional safety

[EC 60364-4-43, Low-voltage electrical installations — Part 4-43: Protection for safety — Protection against
overcurrent (relevant parts will be specified during the project)

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement techniques - Surge
immunity test

© IS0 2024 - All rights reserved
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IEC 61180, High-voltage test techniques for low-voltage equipment — Definitions, test and procedure
requirements, test equipment
IEC 61851-1, Electric vehicle conductive charging system — Part 1: General requirements
IEC 61851-23:2023, Electric vehicle conductive charging system — Part 23: DC electric vehicle charging station

IEC 62196-3, Plugs, socket-outlets, vehicle connectors and vehicle inlets — Conductive charging of electric
vehicles — Part 3: Dimensional compatibility and interchangeability requirements for d.c. and a.c./d.c. pin and
contact-tube vehicle couplers

[EC TS 62196-3-1, Plugs, socket-outlets, vehicle connectors and vehicle inlets — Conductive charging of electric
vehicles — Part 3-1: Vehicle connector, vehicle inlet and cable assembly for DC charging intended to be used with
a thermal yranmagenrentsystem

3 Terms and definitions
For the pufposes of this document, the terms and definitions given in ISO 5474-1 andjthe followinjg apply.
[SO and [EC maintain terminology databases for use in standardization at the folléwing addresses:

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

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

31
cut-off current

let-through current
maximum [instantaneous value of current attained during thebfeaking operation of a switching devige or a fuse

Note 1 to entry: This concept is of particular importance when the switching device or the fuse operat¢s in such a
manner thdt the prospective peak current of the circuit is\not reached.

[SOURCE: [EC 60050-441:1984, 441-17-12, modified — “is” added to the Note to entry.]

3.2
insulation monitoring device
IMD
device whiich permanently monitofs)the insulation resistance to earth of unearthed AC IT systems, AC
IT system$ with galvanically connected DC circuits having nominal voltages up to 1 000 V a.c.,|as well as
monitoring the insulation resistance of unearthed DCIT systems with voltages up to 1 500 V d.c., independent
from the method of measuring

[SOURCE: [EC 61557-8;2014, 3.1.14]

3.3
insulation resistance monitoring system
system thpt periodically or continuously monitors the insulation resistance between live parfs and the
electric chpssis

[SOURCE: ISO 6469-3:2021, 3.24, modified — "isolation" has been replaced by "insulation".]

3.4

thermal cut-out

temperature sensing control device intended to switch-off automatically under abnormal operating
conditions and which has no provision for adjustment by the user

[SOURCE: IEC 60050-442:1998, 442-01-43]

© IS0 2024 - All rights reserved
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thermal sensing

means for

providing temperature data of accessories, cable assemblies or parts thereof

[SOURCE: IEC 61851-23:2023, 3.3.109]

3.6
RESS SOC

rechargeable energy storage system state of charge
residual capacity of RESS available to be discharged

Note 1 to entry: RESS state of charge is normally expressed as a percentage of full charge.

[SOURCE: [SO/TR-11954-2608;2-21
3.7
leakage cpirrent monitoring device

passive elg
current be

[SOURCE:

3.8
SPD
surge prot

ctrical device for monitoring insulation resistance of separated DC system by, measuri
tween live parts and exposed conductive parts or the protective conductof;

EC 61851-23:2023, 3.2.104, modified — Deprecated term removed.]

ective device

device thaft contains at least one non-linear component that is intended to limit surge voltages

surge curtj

[SOURCE:

4 Syste
ISO 5474-1]

5 Envij

[SO 5474-]

6 Safet

ents

EC 61643-11:2011, 3.1.1]

m architecture

:2024, Clause 4 applies.

ronmental and operationdl conditions

:2024, Clause 5 applies.

y requirements

6.1 Genleral

[SO 5474-1

Protection
protection

:2024, 6 applies except as follows.

against electric shock for the vehicle power supply circuit shall comprise a provisio
and'a provision for fault protection according to the requirements in 6.2.

ng leakage

and divert

h for basic

Unless specified otherwise, “Alternative protection measures” according to ISO 6469-3:2021, 6.3.5 shall be
applied directly between live parts of the vehicle power supply circuit and an ordinary person.

For all safety related functions, the vehicle shall carry out its own measurement of current and voltage, and
shall not solely rely on values communicated via digital communication by the EV supply equipment.

NOTE

Digital communication is considered to be not reliable in terms of safety.

© IS0 2024 - All rights reserved
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6.2 Protection of persons against electric shock

6.2.1 General

ISO 5474-1:2024, 6.2.1 applies.

6.2.2 Compatibility with external safety devices

6.2.2.1

Insulation resistance monitoring system

The operation of the insulation monitoring device or/and the leakage current monitoring device of the
external electric circuit, as specified in IEC 61851-23, shall not be affected. The vehicle should deactivate or

disconnec

6.2.2.2

If the vehi

is intended to be connected to DC EV supply equipment with a rated maximum DCeutput voltag

equal to 5
in the EV

see Figure
conductor

The tempgrary overvoltage can trip SPDs in the EV supply equipihent or damage components

supply equ

The current caused by those effects can subsequently:

cause

— damag
secon

Ohe

480V
-15 %/4

[ its insulation resistance monitoring system to avoid such interference.

Compatibility of a 1 000 V vehicle with 500 V EV supply equipment

Cle contains circuits with a maximum working voltage between DC+ and, DEG- above 5
00 V d.c, there is a risk that the voltage between the live conductors'and protective
supply equipment exceeds 500 V. It can be caused by, but is notdimited to, an insul{

| 1, or asymmetric distribution of the insulation resistance between DC+/DC- and the
in the section of the vehicle with a working voltage above 500 V'd.c.

ipment.

A touch voltage between earth and vehicle chassis, and/or

ve the protective conductor connection bétween the vehicle and the DC supply equij
lary effect.

(
A4 DC+ e
1 - Lo o0
=4 -
T N
0% Lo o0 C
0
650 V.. 400V BE-
600V
L i
- \ )

0 Vand it
e below or
conductor
ition fault,
protective

in the EV

ment as a

V-700V

Fi

gure 1 — Single fault scenario of a1 000 V vehicle with 500 V EV supply equipment

The vehicle manufacturer shall perform a safety analysis to minimize the risk of a hazardous electric shock
caused by the effects above. The protection measures are, but not limited to:

— the vehicle shall disconnect the vehicle power supply circuit from the EV supply equipment in less than
5 s if the voltage between the live conductors and protective conductor exceeds 500 V in the section of
the vehicle power supply circuit with a working voltage of less than or equal to 500 V;

— the

vehicle shall fulfil at least one of the following:

© IS0 2024 - All rights reserved
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have a vehicle power supply circuit with a maximum working voltage up to 500 V and provide

simple separation between the vehicle power supply circuit and any circuit which has a working
voltage above 500 V;

implement double or reinforced insulation between the live parts of the vehicle power supply circuit

(including the RESS) with a working voltage above 500 V and electric chassis/voltage class A circuit;

limit the operating joule integral 12t in consideration of IEC 60364-5-54 and limit the duration of

touch voltage between electric chassis and earth or EV supply equipment housing in consideration
of IEC 60479 series.

6.2.2.3 Y-capacitance coordination

The total y

For a vehi
with a maj
not exceed

For a vehia
EE or con
vehicle po

NOTE
measuremg
of 30 s with

For a veh
Y-capacita

The y-cap3

Conformai

6.2.24

To supporf
supply cir

-capacitance of the vehicle power supply circuit shall not exceed 4 pF.

‘le equipped with a vehicle inlet according to IEC TS 62196-3-1 or IEC 62196-3 configyration AA

kimum working voltage up to 500 V d.c., the y-capacitance of the vehicle powersupply c
1,1 pF per live conductor and 2,2 pF in total y-capacitance.

le with a vehicle inletaccording to IEC TS 62196-3-1 or [IEC 62196-3 configuration AA, cor
figuration FF and a maximum working voltage above 500 V d.c., the total y-capacitd
ver supply circuit shall not exceed the limits according to Formula-{(2).

1,6
000*U

the total y-capacitance, expressed in Farad (F);

the maximum working voltage, expressed.i@Volt (V).

[he formula assumes a measurement curxént of the IMD of 1 mA and limits the time to perfo
nt for one live conductor to 8 s. This supports a total time for a complete measurement cycle for

out consideration of the added y-capacitance of the external electric circuit.

cle with a vehicle inlet according to IEC TS 62196-3-1 or IEC 62196-3 configurati

ce of the EV supply equipmient shall be considered.

citance per live conducter should be balanced by choosing appropriate design values.

ice is checked by inspection and by test. An example for a test is given in Annex A.

Compatibility-with the special protection of the DC EV supply equipment

the special protection of the DC EV supply equipment, the total y-capacitance of the veh
uit shall not exceed the limits according to 6.2.2.3.

NOTE 1

rcuit shall

figuration
nce of the

)

rm a single
the vehicle

on BB the

icle power

[he’special protection is provided by the DC EV supply equipment according to IEC 61851-23:20

23,8.105.1.

NOTE 2

The Y capacitance threshold from 6.2.2.3 by itself does not provide additional protection for vehicles with

a maximum working voltage above 500 V d.c. when the vehicle is disconnected from the DC EV supply equipment. For
protection of persons against electric shock when not connected to an external electric circuit, see ISO 6469-3.

6.2.3

Insulation resistance

[SO 5474-1:2024, 6.2.3 applies.

6.2.4 Touch current

[SO 5474-1:2024, 6.2.4 applies except as follows.

© IS0 2024 - All rights reserved
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Conformance shall be tested in accordance with 12.5.

6.2.5

Insulation coordination

The vehicle shall provide one of the following provisions between voltage class B live parts of the vehicle
power supply circuit and an accessible voltage class A circuit:

protective separation;

— Dbasic insulation and, under single fault condition, limitation of the voltage at the accessible voltage class
A terminals of a voltage class B component to below 60 V d.c. (or 30 V a.c.). Voltage transients exceeding
60 V shall be limited with an adequate margin from ventricular fibrillation in accordance with IEC 60479

series

The margin shall be specified by the vehicle manufacturer;

Confo
manu

a) st
cq
b) to
ad
Confo
manu

The insulation between DC+ and protective conductor as wellas DC- and protective conductor of

power sup
— impul
short-

long-t
circui
long-t
durati
DC+a

NOTE 1
value of U,

NOTE 2
NOTE 3

Conformai

basic insulation and, under single fault condition, limitation of:

'mance shall be checked by either design review or conformance test as specified'by 1
acturer. An example is given in C.1.

pady-state touch current between the accessible voltage class A terminals of a voltg
mponent and accessible conductive parts to 3,5 mA a.c. and 10 mA drcy;

uch energy below a value with an adequate margin from the limit of ventricular fib
cordance with IEC 60479 series; the margin shall be specified by the vehicle manufacty

'mance shall be checked by either design review or confermance test as specified by {
acturer. An example is given in C.2.

ply circuit shall be designed to withstand:
be withstand voltage of atleast 2 500 V;
ferm temporary overvoltage of 1 980 V.dc. with durations up to 5 s;

erm temporary overvoltage of 550:V.d.c. with durations longer than 5 s if the vehicle poy
has a maximum working voltage between DC+ and DC- up to 500 V d.c;

brm temporary overvoltageiof110 % of the maximum working voltage between DC+ an
ons longer than 5 s if the'vehicle power supply circuit has a maximum working voltag
nd DC- above 500 V d.e,

[he value of 1 980-V.is based on the equation (U, + 1 200) - V2 from IEC 61851-23:2014 with
=200 V.

EC 61851-28:2023 specifies a short-term temporary overvoltage of 1 800 V.
[hese requirements are derived from IEC 61851-23. See also IEC 60664-1:2020, Clause 5.

nce-shall be tested in accordance with 12.4.1.

he vehicle

ge class B
[illation in
rer.

he vehicle

the vehicle

ver supply

d DC- with
e between

in assumed

For normal operation the vehicle power supply circuit shall be designed for a maximum voltage between
DC+ and protective conductor as well as between DC- and protective conductor of at least the maximum DC
working voltage.

Additional voltages of the insulation monitoring device (IMD) of the external electric circuit (see

IEC 61851-

23) shall be considered.

6.2.6 Protective conductor

[SO 5474-1:2024, 6.2.6 applies except as follows.

For cross-sectional area of the protective conductor, see also IEC 61851-23:2023, 8.105.11.

© IS0 2024 - All rights reserved
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6.2.7 Basic protection when connected to an external electric circuit

[SO 5474-1

6.2.8 Re
[SO 5474-1

:2024, 6.2.7 applies.

quirements for unmated vehicle contacts

:2024, 6.2.8 applies.

6.2.9 Withstand capability during insulation resistance check before charging

The vehicle shall withstand the voltage applied during insulation resistance check before charging, as
specified in IEC 61851-23. If the vehicle detects an unexpected or reversed voltage it shall not close its

AYICcAc AN

on-d
TV ICC S oIt 51T

dchall ctaon tha chavging nracnce
THT-STO PRt trat gHg Pro€ess:

disconnect

Conformai

6.2.10 M

For a vehi
when an u

transfer phase according to [EC 61851-23:2023, AA.4.3.1, the vehicle shall fulfilthe criteria for the

time to reg
normal or

NOTE 1
disconnect

In order t¢ prevent the unintentional current flow through €P3 in case of PE conductor discont

CP bypass
resistance
shutdown

NOTE 2

flow prevention circuit’ in IEC 61851-23:2023, Figure-AA.1.

For a vehi
when an {
charging f

send "vehicle stopping command' by digital communication according to IEC 61851-24:2023, Clz

the EV sup

For a vehi
EE or con
accordanc

Conformai

OTT

ce shall be tested in accordance with 12.4.3.

bnitoring continuity of protective conductor

'le equipped with a vehicle inlet according to IEC TS 62196-3-1 or IEC 62196-3 configuy
hintended transition from CP state ‘ON’ to ‘OFF’ or any other unknown,state occurs dur

ich safe voltage from fault occurrence’ as specified in IEC 61851423:2023, Table AA.8 anj
error shutdown within 3 s.

[he discontinuity of PE or CP3 triggers the transition of CP state from ‘ON’ to ‘OFF’ and the
on device Sv1 by hardware, see IEC 61851-23:2023, Figure AA.1.

ng) during the energy transfer phase, the vehiclé shall open CS after the permission of
check in the initialization 1 phase and until the opening of the EV disconnection deviceg
1 phase according to IEC 61851-23:2023, AA4.3.1.

CS can be opened by a disconnection device’such as relay and transistor. Refer to ‘unintentio

'le equipped with a vehicle inlet\atcording to IEC TS 62196-3-1 or IEC 62196-3 configy
nintended transition from GC2 state ‘low’ to ‘high’ or any other unknown state occ
hase according to IEC 61851-23:2023, BB.4.4, the vehicle shall trigger an emergency

ply equipment and open the EV disconnection device Sv1 within 300 ms.

cle equipped with*a vehicle inlet according to IEC TS 62196-3-1 or IEC 62196-3 cor]
iguration FE, monitoring of the continuity of the protective conductor shall be imple
e with I[EC 61851-23:2023, CC.4.3 and CC.4.7.

6.2.11 In

sulation resistance monitoring system

1ce shallbe checked by either design review or conformance test in accordance with 12.7

ration AA,
ing energy
maximum
d trigger a

bpening EV

inuity (i.e.
insulation
Sv1 in the

nal current

ration BB,
irs during
shutdown,
juse B.4 to

figuration
mented in

The vehicle shall monitor the vehicle power supply circuit with an insulation resistance monitoring system

according

to ISO 6469-3.

If the insulation resistance of the vehicle power supply circuit divided by its maximum working voltage is
less than 100 /V, the vehicle shall not close its disconnection device.

The section between the disconnection device and the vehicle inlet may be omitted in the measurement.

For a vehicle equipped with a vehicle inlet according to [EC TS 62196-3-1 or IEC 62196-3 configuration AA,
the vehicle shall monitor the insulation resistance from the beginning of the initialization 1 phase and until
the end of the initialization 3 phase according to IEC 61851-23:2023, AA.4.3.1.The vehicle may reactivate the
insulation resistance monitoring after opening the EV disconnection device in the shutdown 1 phase.

© IS0 2024 - All rights reserved
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For a vehicle equipped with a vehicle inlet according to IEC TS 62196-3-1 or IEC 62196-3 configuration BB
the insulation monitoring system of the vehicle shall remain active in accordance with IEC61851-23.

For a vehicle equipped with a vehicle inlet according to IEC TS 62196-3-1 or IEC 62196-3 configuration
EE and FF, the vehicle shall monitor the insulation resistance in accordance with the timings specified in

IEC 61851-

23:2023, CC.3.

6.3 Protection against thermal incident

6.3.1 Requirements for normal operation

IS0 5474-1:2024, 6.3.1 applies except as follows.

The cross-
6.3.6 aren
shall be pr

The vehicl
or [EC 621
according

6.3.2 Oy

6.3.2.1
[SO 5474-1
NOTE 1
consider th
equipment

NOTE 2
IEC 61851-2

6.3.2.2

ISO 5474-1

6.3.2.3
[SO 5474-1]

6.3.2.3.1

In case of
effects, ac

$hort-circuit protection

sectional area of the live conductors may be reduced as long as temperature limits ac
ot exceeded. In this case, protection against thermal incidents of the vehicle powensug
ovided. The maximum ambient temperature of the vehicle shall be considered.

e may allow a current exceeding the rated current of the vehicle inlet according to IEC TS
96-3 as long as the temperature requirement for the voltage class B contacts of the v¢
to 6.3.6 is fulfilled.

rercurrent protection

Feneral
:2024, 6.3.2.1 applies except as follows.

When determining the necessary breaking capability.of the vehicle overcurrent protection

e impedance of the external electric circuit. Measures to mitigate short circuit energy by thg
hre under consideration.
Requirements for impedance of the ~external electric circuit are under consid

3:2023,101.1.8.

Dverload protection

:2024, 6.3.2.2 applies.

:2024, 6.3.2.3 applies except as follows.

Short-circuit energy supplied by external electric circuit

a shortcircuit, the vehicle shall be capable of withstanding a peak current, including
rording to the IEC 61851-23:2023, 13.101.

cording to
ply circuit

62196-3-1
thicle inlet

levice, also
EV supply

eration in

b transient

For short-ciTcuit current supplied Dy externadl eleCtric CIrCult, the requirements In aj or bj shall

for short-c

ircuit protection.

a) The vehicle power supply circuit shall have a It value of at least the following values:

e fulfilled

— 1 000 000 AZs, if a vehicle is equipped with a vehicle inlet of configuration AA, configuration BB,
configuration EE, configuration FF according to IEC TS 62196-3-1 or I[EC 62196-3, or

— an [2t value to be coordinated for any other DC charging system.

© IS0 2024 - All rights reserved
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The minimum cross-sectional area of the live conductors shall be calculated in accordance with

IEC 60364-4-43:2008, Equation (3).

NOTE This 12t value corresponds to the characteristics of the overcurrent protection of the external electric

power supply. The given I%t values are coordinated with IEC 61851-23.

b) An overcurrent protection (e.g. fuse, circuit breaker) shall be provided in the vehicle power supply
circuit. The cross-sectional area of the live conductors to be protected by this overcurrent protection
shall be designed according to the short-circuit interrupt rating of this overcurrent protection. The
cross-sectional area of the live conductors between the vehicle inlet and this overcurrent protection

shall conform to the requirement of 6.3.2.3.1 a).

6.3.2.3.2 _Short-circuit energyv supplied by the vehicle

To limit thle short-circuit energy supplied from the vehicle to the external electric circuit, the veh
supply cirguit shall provide overcurrent protection with the following characteristics:

— the cut-off current supplied by vehicle sources does not exceed 30 kA at the voltageé class B
the vehicle inlet, and

— the sypply to the external electric circuit is switched off within 1 s after start of the sh
condiffion, and

— the maximum I2t value at the voltage class B contacts of the vehicle inlet:

— off 2 500 000 AZs, if the vehicle is equipped with an dnlet of configuration AA ac
IHC TS 62196-3-1 or IEC 62196-3, or

— 0of|5000 000 AZs, ifthe vehicle is equipped with a vehicle inlet of configuration BB, EE or cor
FI according to IEC TS 62196-3-1 or IEC 62196-3,

— an I2t palue to be coordinated for any other DC charging system.

NOTE 1 he 12t value requirement for vehicles edquipped with a configuration EE or configuration
inlet accordling to IEC TS 62196-3-1 or IEC 62196+8-(System C according to IEC 61851-23) was 12 000
ISO 17409:2015.

Conformance is checked:

icle power

rontacts of

ort-circuit

rording to

figuration

FF vehicle
000 AZs in

— by inspection, assuming a fault resistance of R, = 5 m{) and a fault inductance of Lg, ;. = 2 uH, or

— by tesf, applying a fault resistance of R, < 5 mQ and a fault inductance of L, < 2 uH fo
circuif condition external+to the vehicle.

The cross{sectional area“ef the live conductors between the vehicle inlet and the overcurrent
shall be dgsigned according to the characteristics of the overcurrent protection.

" the short

protection

The cross-sectional'area of the live conductors shall be calculated from [EC 60364-4-43:2008, Equation (3).

NOTE 2  [Theyshort-circuit withstand capabilities of the external electric circuit (see IEC 61851-23) coj

respond to

these chardcteristicsof theovercurrent protectiomrof the vehicte powersuppty circuit:
Requirements for external impedance are under consideration in IEC 61851-23:2023, 101.1.8.

Conformance is checked by inspection.

6.3.3 Residual energy after disconnection related to thermal incident

ISO 5474-1:2024, 6.3.3 applies.

6.3.4 Arc protection

[SO 5474-1:2024, 6.3.4 applies except as follows.

© IS0 2024 - All rights reserved
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Arc protection shall be covered by the requirement of control of the latching device of the vehicle coupler. For
a vehicle equipped with a configuration EE or configuration FF vehicle inlet according to [EC TS 62196-3-1 or

IEC 62196-

3, the following requirements shall be met:

the vehicle shall engage the latching device of the vehicle inlet at the beginning of the power transfer

process, before the vehicle changes the system state to state C in accordance with IEC 61851-1;

device is properly engaged;

NOTE 1

The proper engagement of the latching device is typically checked by the detection of the e

of the actuator of the latching device.

if the

nnnnnn agac +h icla chall Ang o

af+tha o
Ul UIICU U

the vehicle shall check the proper engagement of the latching device and shall only close S2 if the latching

nd position

functi
order

the ve
thatd

In cas
provid

The v4
the th

EXAM

— the
manuf

— disq

NOTE 2
IECTS 6219

Furthermgre, a vehicle equipped with a configuration EE or configuration FF vehicle inlet ac

[ECTS 621
shall react

6.3.5 Vd

folcnlyy aunh ch athn ook oo
“6\43 l“ldbl]’ CIIC VUITIIUIU OlIdlrl hll“llsb CIIC J]JL\/AAL oSLALC

bn to state B, in accordance with the sequence diagrams as specified in IEC 61851-23:20
fo trigger an emergency shutdown;

hicle shall only disengage the latching device if the vehicle power supply circuit is in g
bes not cause hazardous arcing.

e of a malfunction, a means for disconnection specified by vehicle manufacturer is allg
ed.

hicle manufacturer shall analyse the system design including the EV supply equipment
Fesholds to prevent from hazardous arcing.

PLE

voltage and the current of the vehicle power supply cireuit are below values specified by
hcturer (e.g. 60 Vand 5 A);

onnection device detected open.
For a vehicle equipped with a configuration AA or configuration BB vehicle inlet ad

6-3-1 or IEC 62196-3, the latching device of'the vehicle coupler is provided by the DC EV supply

96-3-1 or IEC 62196-3 shall detect'the loss of electric continuity of the control pilot con
in accordance with IEC 61851-23:2023, CC.4.3.

Itage withstand capability

The vehic

designed 4ccording to an.inipulse withstand voltage of at least the maximum working voltage of

power su

The relevgnt partsfjthe voltage class B electric circuit shall withstand a temporary overvoltage
load dump in accerdance with the system specific requirements of IEC 61851-23:2023, 101.1.7.

The outpuf inductance of the EV supply equipment shall be considered.

power supply circuit from vehicle inlet up to and including the disconnection devig

ly circuit plus\500 V between DC+ and DC- according to IEC 61851-23:2023, 12.7.101.

ntrol pilot
p3,CC.3,in

condition

wed to be

to specify

the vehicle

cording to
equipment.

cording to
Huctor and

e, shall be
'he vehicle

caused by

NOTE

IEC 61851-23.

Conformance shall be tested in accordance with 12.4.2.

6.3.6 Voltage class B contact temperature

The maximum value of the output inductance of the EV supply equipment is under consideration in

The temperature of the voltage class B contacts of the vehicle inlet shall not exceed the temperature limit as
specified by the manufacturer of the vehicle inlet.

© IS0 2024 - All rights reserved
10


https://standardsiso.com/api/?name=e9d17ec00e9ac084322f9ac26f16ba1a

ISO 5474-3:2024(en)

For an ambient temperature up to 40 °C, if the contact temperature of the voltage class B contacts of the
vehicle inlet exceeds 90 °C for 8 consecutive seconds, the vehicle shall trigger an error shutdown according
to IEC 61851-23 within 1 s.

Conformance is checked by inspection and test 12.6.

For an ambient temperature up to 40 °C, if the contact temperature of the voltage class B contacts of the
vehicle inlet exceeds 95 °C for 1 s, the vehicle shall trigger an error shutdown according to IEC 61851-23

within 1 s.

Conformance is checked by inspection.

NOTE 1

The temperature limits are derived from the IEC 62196 series and IEC 61851-23.

For vehiclg
applies.

a) The v

the cu
plausi

NOTE
vehiclg

b) The ve

6.4 Veh
ISO 5474-1

6.5 AC ¢

s equipped with a vehicle inlet according to IEC TS 62196-3-1 one of the following reg

ehicle shall implement thermal sensing for each DC power contact. The vehicle sh
rrent by evaluating the measured temperature values. The vehicle shallperiodically]
bility of thermal sensing and provide an appropriate warning if the checkfails.

D

Plausibility check of thermal sensing can be implemented by comparing the ambient temper
with the temperature of the power contacts while the vehicle inlet or theaitomated coupler is

hicle shall provide a thermal cut-out for each DC power contact:

icle movement

:2024, 6.4 applies.

)r DC electric power at the same contacts

uirements

hll control
check the

ature of the
hot used.

The disconnection device (see 9.2) shall interrupt all live conductors of the vehicle power supply circuit

according
requireme

to this document. The relevant parts of the vehicle power supply circuits shall
nts for AC electric power transfer.andfor DC electric power transfer, or they shall be dis

by a disco

nection device which provides §iniple separation between the circuits.

fulfil the
connected

If the vehicle is using contacts for DE-glectric power transfer at the vehicle inlet, which also cgn be used
for AC eleg¢tric power transfer, the. vehicle shall connect its vehicle power supply circuit accordfng to this
documentjonly to an external DC electric circuit if the following requirements are fulfilled:

o start DC

a communication between/the external DC electric circuit and the vehicle that is required t
electr]c power transferds established;

at the vehicle inlet shall be measured and the vehicle shall only close its disconnectioh device, if

Itage which complies with the requirement in 9.2 is detected;

— the vdltage ‘measurement circuit shall be monitored by plausibility check of measured volta
operatiom

bes during

In a single failure condition of the DC power transfer communication or DC voltage at the vehicle inlet
measurement, the vehicle shall not allow the disconnection device to close.

When connected to an external electric circuit, provisions shall be taken that unintentional reverse DC
current flow does not occur from vehicle power supply circuit according to this document through the
vehicle inlet under single failure conditions in the vehicle power supply circuit according to this document
(e.g. disconnection device) and in the vehicle power supply circuit according to ISO 5474-2 (e.g. charger).

The following are examples of possible measures for vehicle power supply circuits:

— installation of supplemental diodes at all live conductors of the vehicle power supply circuit;

© IS0 2024 - All rights reserved
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more than one independent disconnection devices with independent control system for each;

s the ISO 13849 series;

charger which provides basic insulation by galvanic separation.

The analysis and design shall be in accordance with the ISO 26262 series.

The vehicle manufacturer shall include the following into the analysis:

use of safety related components in accordance with appropriate standards or combination of standards

possible hazards in the infrastructure or external electric circuit resulting from DC current supplied by

the vehicle to the infrastructure (e.g. fire of transformer) applying the severity level of at least S2;

possih
electr

other

7
[SO 5474-1

Elect

8 Protection in case of unintended power transfer

[SO 5474-1

9 Func

9.1 General

IEC 61851
and vehicl

le hazards in the vehicle resulting from AC voltage supplied by the infrastructure.d
c circuit to the vehicle; and

possible hazards.

romagnetic compatibility (EMC)
:2024, Clause 7 applies.

:2024, Clause 8 applies.

tional requirements

23:2023, Annexes AA, BB and CC specify functional requirements for both, EV supply

h

Vehicles e

fulfill the functional requirements inJEC 61851-23:2023, Annex AA.

Vehicles equipped with a configuration BB vehicle inlet according to IEC TS 62196-3-1 or [EC 621
fulfill the functional requirements in [EC 61851-23:2023, Annex BB.

Vehicles equipped with a.eonfiguration EE or configuration FF vehicle inlet according to IEC TS 62

IEC 62196
additional

NOTE
requiremel|

uipped with a configuration AA vehicle inlet according to IEC TS 62196-3-1 or IEC 621

3 shall fulfill’thé vehicle requirements related to the process of energy transfer and rel
functions.imraccordance with IEC 61851-23:2023, Annex CC.

Vehicle \réquirements for safety related functions according to IEC 61851-23 are covel
ts of Clause 6.

r external

Pquipment

196-3 shall

96-3 shall

196-3-1 or
hted to the

ed by the

9.2 Disconnection device

The vehicle shall provide a disconnection device between each voltage class B contact (excluding protective
conductor) of the vehicle coupler and electric power sources of the vehicle.

The disconnection device shall withstand an inrush currentin accordance with system specific requirements
in [EC 61851-23.

The disconnection device shall have a breaking capability to disconnect at the maximum rated current of
the vehicle power supply circuit.

NOTE
ISO 5474-1:

2024, 6.3.2.2.

© IS0 2024 - All rights reserved
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The disconnection device shall be controlled in accordance with the system specific sequence diagrams of

IEC 61851-

23.

When the disconnecting device is opened during the power transfer stage, the vehicle shall stop and may
restart charging process according to IEC 61851-23.

The vehicle shall disconnect from the external electric circuit based on the control pilot function as specified
in [EC 61851-1 and/or IEC 61851-23, as applicable.

For a vehicle equipped with a vehicle inlet according to IEC TS 62196-3-1 or IEC 62196-3 configuration EE or
FF, or IEC TS 633791, the voltages between DC+ and DC- on both sides of the disconnection device shall not
differ more than 20 V before the vehicle closes its disconnection device.

9.3 Confrol pilot functions

The vehicl

e shall provide control pilot functions in accordance with IEC 61851-23.

9.4 Comppatibility with external insulation monitoring

For functi
IEC 62196

bnal reasons, a vehicle that is equipped with a vehicle inlet according to IEC TS 62
3 configuration EE or configuration FF should have an insulation resistance high enoug

the combined insulation resistance of EV supply equipment and vehicle power“supply circuit to be

threshold
Conformai

Further in|
given in IS

NOTE

9.5 Spe
The vehicl
IEC 67

IECTS

n accordance with IEC 61851-23.
1ce can be tested in accordance with clause ISO 5474-1:2024/12.3.

sulation resistance requirements related to the protection of persons against electric
0 5474-1:2024, 6.1.3.

EC 61851-23:2023, CC.4.1.4 specifies a fixed value of 100 kQ as the IMD threshold.

cific requirements for the vehicle inlet
b inlet shall conform to:
196-3, and

62196-3-1 for a DC connection with a thermal management system.

9.6 Co

For a vehid

for co
indica

rol of the latching deévice of the vehicle coupler

le equipped witlr@configuration EE or configuration FF vehicle inlet according to IEC TS

196-3-1 or
rh to allow
above the

shocks are

62196-3-1

at the end of a charging session, if the vehicle allows unmating of the vehicle coupler, the vehicle should

disengage the latching device after receiving the response message of session stop, in accordance with

IEC 61

851-23.

10 Additional requirements for reverse power transfer

[SO 5474-1:2024, Clause 10 applies except as follows.

1) Under preparation. Stage at the time of publication: IEC TS/CD 63379:2023.
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Requirements for specific reverse power transfer cases are under consideration.

NOTE

the functional requirements for reverse power transfer are specified in IEC 61851-23.

11 Owner’s manual and marking

ISO 5474-1

:2024, Clause 11 applies.

12 Test procedure

For a vehicle equipped with a vehicle inlet according to IEC TS 62196-3-1 or IEC 62196-3 configuration AA,

12.1 Gen|
[SO 5474-1

12.2 Res
ISO 5474-1

12.3 Insylation resistance

ISO 5474-1

12.4 Wit

12.4.1 W

The withs
modificati

the te

if the ¥

The test vgltage shall be derived froniithe requirements given in 6.2.5.

12.4.2 Diffferential mode overvoltage withstand test for vehicle power supply circuit

12.4.2.1 |

This test i
all parts a
disconnec

The test re

eral

:2024, 12.1 applies.

stance of protective conductor

:2024, 12.2 applies.

:2024, 12.3 applies.
hstand voltage test

ithstand voltage test between voltage class B.contacts and electric chassis / PE

tand voltage test shall be performed acearding to ISO 6469-3:2021, 10.6, with the
pns:

tis performed on the vehicle power'supply circuit at the contacts of vehicle inlet (case

rehicle power supply circuit includes contactors or disconnection devices, they are clos

Differential mede overvoltage test requirements

b intended to-verify the adequacy of the entire insulation between the voltage class B
nd components of the vehicle power supply circuit between and including the vehicle in
fionsdevices.

following

rontacts of
let and the

duires two test steps.

a) Startthe test with applying the maximum working voltage between DC+ and DC-. Then apply an impulse
test according to one of the options below:

— an impulse withstand voltage test in accordance with 1,2/50 ps according to IEC 61000-4-5/

IE

C 61180; or

— aDCvoltage test with 3 pulses of at least 10 ms duration.

The peak amplitude of the test voltage shall equal the maximum working voltage of the vehicle power
supply circuit plus 500 V according to IEC 61851-23:2023, 12.7.101.
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Perform a long temporary overvoltage test at 110 % of the maximum working voltage between DC+ and

DC- or 550 V, whichever is higher, for 60 s. The load dump withstand capability is deemed to be fulfilled
with this test as well, as it applies the same overvoltage but for a shorter duration according to the
requirements in [EC 61851-23.

NOTE
to IEC 6185

1-23 and the ISO 15118 series (38 s).

Rationale 60 s: 38 s of timeout duration for cable check system C with 110 % maximum voltage according

The test may either be performed at the vehicle with open disconnection devices directly at the inlet, or
alternatively at component level with all components that are galvanically connected to the vehicle power
supply circuit in the respective vehicle with opened disconnection devices. If components are tested
separately, the original connectors shall be used to make connections for applying the test voltage to the

component.

12.4.2.2 Preconditioning and conditioning

Unless th¢ vehicle manufacturer specifies alternative conditions according to the environment during

vehicle opération, the following procedure shall apply:

— preconditioning at the temperature selected for conditioning within toleranceof +4/-0 K and [a duration
that ensures a constant temperature of the device under test;

— condiflioning: for 48 h within +2 K at a temperature between 20 °C and.40 °C, a humidity of 9B % * 3 %,
and an atmospheric pressure of 86 kPa to 106 kPa.

12.4.2.3 Test procedure

After preqonditioning, the respective test voltage according*to 12.4.2.1 is applied and also|measured

continuously directly at the component terminals or the vehicle inlet.

Impulse test criteria in accordance with IEC 61000-4-5shall be fulfilled.

For DC teqt pulses and the temporary overvoltagé)test, the voltage shall remain at or above the required

level for af least the test duration/time givensin 12.4.2.1. and repeated accordingly. Between tests or test

steps the yoltage shall drop back to a range efistart voltage +/- 5 V of the test.

Neither elgctric breakdown of the insulation nor flashover shall occur. Partial discharges shall nof occur.

12.4.3 Wijthstand voltage test -(reversed voltage during insulation resistance check

Simulate alcharging session and Stop at the stage of insulation resistance check.

Perform awithstand voltage test according to ISO 6469-3 with the following modifications:

— the vehicle powersupply circuit disconnection devices are open;

— the vgltage-class B and voltage class A circuits shall be kept as per EV design without [additional
conneftions;

of vehicle inlet (case C) between DC+ and DC-; and

additional time for EV initiated error shutdown, see IEC 61851-23 for details;

the maximum voltage is applied with reversed polarity on the vehicle power supply circuit at the contacts

the voltage is applied for a duration that is minimum the EV detection time of the wrong polarity plus

Neither dielectric breakdown nor flashover shall occur during the test. The vehicle shall not close the EV
disconnection device and shall stop the charging process.
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12.5 Touch current

The measurements are performed at vehicle level or at component level with the relevant parts of the vehicle
power supply circuit.

The touch current is measured when the device under test is connected to a DC external electric power supply.

The test is conducted with a DC EV supply equipment conforming with IEC 61851-23 or an equivalent
national standard based on recommendation by the vehicle manufacturer.

The touch current is then measured using the measurement network according to Figure 2 (see also
IEC 60990).

wy)
O

Key
A,B termfinals of measurement circuit
Ry =19kQ+5%
R, =50pQ+5%
R, =10kQ+5%
Cs =02uF+10%
€, =0,022uF+10%
%4 meagured voltage to calculatethe touch current
Figure 2 — Measurement circuit
V.mse Which is thexopt mean square value of the voltage V, is measured, see Figure 2. For voltage megsurement,

an instrunentaecording to IEC 60990:2016, Annex G is used.

The touch lcurrent I““b is calculated by Formula (2)-

v
[ —_rms 2
ms Te06 0 (2)

The test is passed if all touch currents measured during the test do not exceed the specified limits. The
requirement is deemed fulfilled if charging stops due to monitoring of the continuity of the protective
conductor by the vehicle and touch current in case of loss of continuity of protective conductor could not be
measured.

Circuitry which is connected through a fixed resistance or referenced to earth for monitoring purpose
which is not continuously operated, and which does not contribute to a protective conductor current during
normal operation of the vehicle power supply circuit should be disconnected before this test.
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The vehicle power supply circuit operates at its highest rated power. Any AC loads that are conductively
connected to the vehicle power supply circuit are activated. For the test the protective conductor is
disconnected. It can be disconnected on the vehicle or the switch in the protective conductor line is open

(see Figure 3).

The terminal B of the measurement circuit is connected to the protective conductor of the external electric
power supply. The terminal A of the measurement circuit is connected with a test probe and the test probe is
used to connect the measurement circuit to the vehicles electric chassis for vehicle level measurement or the
enclosure of the device under test for component level measurement. In case of measuring at the component
level, the measurement is performed for the whole surface of the device under test. Non-conductive parts of
the enclosure of the device under test are covered by a metal foil, which is connected to the PE terminal of
the device under test and terminal A of the measurement circuit.

In order tq eliminate the current of the control circuits of the DC EV supply equipment and the.yehicle that
flows thrdugh the protective conductor from the touch current measurement, all the contraol signal lines
(including|control pilot and proximity detection) could also be disconnected after interrupting thle charging
with disconnection of protective conductor.
6 1 2
I
- |
DC+ |
\II
|
AC/DC : p—
|
DC-,L
T hd
- |
5 PE, 7
S
$r 00—
| A
3
—o0
B A
4
Key
1  connegtion of vehicle or DUT 7  vehicle or DUT
2 vehiclg electric chassis or enclosure of DUT PE terminal for protective conductor
3  testprpbe DC+ positive terminal
4 measufement circuit DC- negative terminal
5  protective conductoy A, B terminals of measurement circuit
6  externfpl electric power supply
Figure 3 — Example test setup for touch current under DC charging

12.6 Voltage class B contact over temperature
The measurements are performed with vehicle.

This test verifies that the electrically propelled vehicle stops the DC power transfer if the voltage class B
contact temperature limit according to 6.3.6 is exceeded.

The test is executed with a test gauge for system A according to Figure 4 and for system C according to
Figure 5.
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For configuration AA according to IEC TS 62196-3-1 or IEC 62196-3, the test gauge is equipped with voltage
class B contact pins according to IEC 62196-3(Standard Sheet 3-la) with silver-plated voltage class B contact

surfaces.

For configuration EE or configuration FF according to IEC TS 62196-3-1 or IEC 62196-3, the test gauge is
equipped with voltage class B contact tubes according to IEC 62196-3 (Standard Sheet 3-IlIb or Standard
Sheet 3-1Vc) with silver-plated voltage class B contact surfaces.

The RESS of the vehicle is fully discharged according to the vehicle manufacturer’s specification.

The test gauge is connected to the vehicle inlet.

The test is executed at room temperature. Forced convection is avoided. The vehicle is stored at room

temperat

The vehicl
is lower t}
manufactu

The test is

Seque
sensol
for 2 n
as ind

Seque
Sensol
for 2 n
as ind

The over t
class B cor

The test i
voltage cl3
sequence :

Stopping t
opening th

4] f 4 1 A 41 4 4
IC dl1Cds5L 10U TWU TIUUL S DTIUIT LIIC LCS L.

b performs a DC power transfer with a current of 40 A. If the maximum current forpow
an 40 A, the test starts with the maximum current for power transfer according to {
rer’s specification.

executed for two different test sequences.

hce a): a heating unit as shown in Figure 4 or Figure 5 is enabled untilthe reference te
indicates 70 °C. The injected heat power is adjusted to ensure a,steady temperature of
nin. Afterwards the injected heat power is increased to reach a temperature rise of (2 +

cated by the reference temperature sensor.

hce b): a heating unit as shown in Figure 4 or Figure 5 is‘énabled until the reference te
indicates 70 °C. The injected heat power is adjusted to,ensure a steady temperature of
nin. Afterwards the injected heat power is increased to reach a temperature rise of (5 £

cated by the reference temperature sensor.

ebmperature test according to sequence a) and’sequence b) is separately performed for eg
tact.

b passed if the vehicle stops the power transfer before or when the temperature lif
ss B contacts according to 6.3.6 is.exceeded as indicated by the reference temperature
) and sequence b).

he power transfer includes;.-for example, performing a shutdown, requesting a curr

19ref, 1

i

br transfer
he vehicle

mperature
(70 £ 2) °C
D,5) K/min

mperature
(70 £2)°C
D,5) K/min

ch voltage

nit for the
sensor for

ont of 0 A,

e contactors, or a thermpal-cut-out to trigger. This might be verified by measuring the cyrrent.

test

Key

B wWw N R

19ref,2 A' l

wiring harness
vehicle inlet
gauge

heating unit

Figure 4 — Test gauge for configuration AA
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Key
1 wiri]lg harness
2 vehigle inlet
3 gauge
4 heat|ng unit

Figure 5 — Test gauge for configuration EE or configuration FF

12.7 Monitoring continuity of protective conductor test

For config
equipmen{
system A i
manufacty

For config
equipmen{

iration AA according to IEC TS 62196-3-1 or IEC62196-3, the test is conducted with a DQ
or a dedicated EV supply equipment simulator conforming to the respective requirg
n IEC 61851-23 or an equivalent national standar@based on the recommendation by f
rer.

iration BB according to [EC TS 62196-3-1 orJEC62196-3, the test is conducted with a DQ
or a dedicated EV supply equipment simulator conforming to the respective requirg

system B in IEC 61851-23 or an equivalent national standard based on the recommendation by f

manufactu

For config

supply equ
for system

The voltag
continuou

rer.
ipment or a dedicated EV supply equipment simulator conforming to the respective req
CinIEC 61851-23.

e between DC+ and DC- and between DC+/DC- and the protective conductor are
5ly during the test\Using the measurement circuit 4 according to Figure 6.

EV supply
bments for
he vehicle

EV supply
bments for
he vehicle

iration EE or FF according to IECTS 62196-3-1 or IEC62196-3, the test is conducted with a DC EV

uirements

measured
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6 1 2
I
|
] A pe!
T
|
AC/DC [ ppe—
|
4 DC- |
O @
L | B |
|
5 PE |
$ o0 —¢ 7
3 |
Key
1 conrjection of vehicle to EV supply equipment
2 vehigles electric chassis or enclosure of device under test
3 switth inserted to the protective conductor of the cable assembly
4 meagurement circuit
5 protgctive conductor
6 EV sppply equipment
7 vehitle or device under test
A,B ternfinals of measurement circuit

PE terntinal for protective conductor
DC+ positive terminal
DC- negative terminal

Figyre 6 — Example of test setup for monitoring of the continuity of protective conductor

Connect the vehicle to an EV supply equipmentor a dedicated EV supply equipment simulator.

Start powgr transfer session with the procedure specified by the EV supply equipment manufactyirer or the
EV supplyjequipment simulator manufacturer.

Confirm that the voltage between'DC+ and DC- has reached the value specified by the vehicle marufacturer.
Open switfh 3.
Confirm that the vehicle,stops the power transfer and initiates shutdown sequence.

The test is|passed if the voltage between DC+ and DC- has dropped to <60 V d.c. within 1 s after the opening
of switch 3.
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Annex A
(informative)

Y capacitance measurement

A.1 General

The follow

'ing test prnrpdnrn describes the measurement of the y-{‘npnt‘if;\nr‘p of the vehicle poy

ver supply

circuit at

The test p
well as for

If the test
parts (sub
The total j
measured

The insuldftion resistance of the device under test can be determined infadvance by selecting the a

method ac

If the y-capacitance measurement is performed on a part or a sub:section of the vehicle power sup

the insulat
The device

If the devi
than 90 %

A.2 Tes

Figure A.1
test setup,

he plug (case A) or vehicle inlet (case B and case C).

rocedure can be used to determine the total y-capacitance of the vehicle powersupply
parts (sub-system or component) of the vehicle power supply circuit.

result for the whole vehicle power supply circuit is not affected, the test\may be per
Lsystems or components) or sub-sections of the vehicle power supply citcuit individual
r-capacitance of the vehicle power supply circuit is to be calculated.as the sum of the
y-capacitances.

cording to ISO 6469-3:2021, 10.3.

ion resistance of the part or the sub-section of the veliicle power supply circuit is used.
under test is stored for 24 h at an ambient temperature of (20 + 10) °C.

Ce under test includes RESS using electrochieémical energy conversion, the RESS SOC sh4
alternatively a standard cycle can be pexformed according to ISO 6469-1:2019, 6.1.5.

L setup

shows a simplified model ef an example vehicle power supply circuit with RESS and tH

circuit, as

formed on
ly instead.
individual

bpropriate

ply circuit,

11 be more

e external
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| Sws* 1 L Se ’:
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! i
i Ry, resst C, psst : | Rigoev* C, et | i J1R bt S Iled's >
\Ub, =" || = I = bR
( | LT L
e T - - t |
' —1_ Lo —1_ ol |
| Tc¢ b ¢ : Lo =
- | - L —
: Riso_REss' V-RESS i : iso_EV~ EY : i "Rbal_ =~ 1
|
! 1 IR |
| 1 S Ress ! | a L, I
e e - O J
Key
1 RESS, simplified
2 optional: vehicle power supply circuit excluding the RESS, simplified
3 measurement setup
Riso RESs+ Rlso RESS- insulation resistance between the indicated live conductor of the RESS and electric ¢hassis, in )
Cy ress+ Cy Ress- y-capacitance of the RESS in F
S_RESS+ S RHss™ disconnecting devices of the RESS
Riso v Risd Ev- insulation resistance of the vehicle power supply ciretit excluding the RESS in Q
Cy gver Gy |- y-capacitance of the vehicle power supply circuit excluding the RESS in F
Rpa14r Ryal- balancing resistors in Q, when necessary
Ub battery voltage
u@) voltage at the side where R, will be connected
Ut voltage across R;,
%4 voltage probe
V(t) voltage at opposite side to R
Ryis discharge resistor in €2
Sis switch to connect discharge resistor
Figure A.1 — Test setup with simplified model of an example vehicle power supply circuit
NOTE [he position of Vand-Ry;, can be reversed.
The setup shall maximize the amplitude of the discharge curve U(t) or V(t) (see Figure A.2).
Therefore/it is recommended to place Ry;, at the side which has the highest insulation resistance} and place
only one VYoltageprobe V at the opposite side. (The internal impedance of a differential voltage probe is
usually befweew3 MQ and 10 MQ.)
This will ereate an unbalanced condition hefare closing S.. . to maximize the value of I, (minimize the

value of V)

Ry.1. Or Ry, shall only be used when necessary to limitate the unbalancing for a vehicle which needs it.

Ry;s shall be chosen in order to minimize the value of U, at end of discharge (or maximize the value of V,):

Therefore Ry;s shall be <1/20 of the insulation resistance at opposite side of Ry, including Ry, and

measurement probes.

The recommended value of Ry; is 1 k(), and not more than 100 kQ.
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5000

A.3 Initial conditions

Before connecting the discharge resistance Ry, the initial state of the circuit shall be:

the RESS is connected;

the IMD (insulation monitoring device) of the vehicle is de-activated;

in OFF_mode if the internal capacitance downstream their transistors is negligible;

the vo

the in
dischg

Ifitis not {

A.4 Tes

Start recol

Figure A.2

The duratjon of recording after connection of Ry;; shall be at Jeast 5T, with T = Ry x € ¢ocar-

U.and V, 4

In order td
an averags

As C

y_total ]

(Rdis ) * Ctotal .

the high voltage components of the vehicle power circuit shall be in stable functional mode. They can be

[tages U(t) = U, and V(t) = V,, shall be stabilized;

tial voltages are preferably unbalanced in order to maximize the amplitude of&/(t)’and
rge: Uy, > Ub/2 or V, < Ub/2.

he case, a solution can be to reverse the sides of Ry;; and the voltage probé V.

[ procedure
ding V() and close Sy;,.

illustrates an example voltage over time curve.

hall be determined at a time ¢, = t, + 20T or more:.

minimize the measurement noise and incertitude, it is recommended to calculate U, |
value over a short period.

V(¢) during

y
o U Vs as

s not known at the beginning of thetest, the duration of recording shall have a sufficient margin.
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| |
| |
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| |
| l
VO_ : :
e T -,
| : |
| | It
| 1 : e
! |
! :
|
!

Key
Uy Vp initial voltage before closing the switch
U, V, resulting voltage after charge equalization
to time when closing the switch Sy;,
te time after charge equalization
T = Rdis X Cy_total
V(t) voltage opposite to Ry
u(t) voltage at Ry;, side U(t) = Ub - V(¢)
Figure A.2 — Discharge curve after closing switch Sg;,
Calculate [the total y-capacitance (C; yo,);Using Formulae (A.1) and (A.2) when measuring
capacitande of the vehicle.
2E 2E
C =———orC oY———
y_tota 2 y_total 2
(UO_Ue) (VO_Ve)
2 2
«(U(t)-U Sto+5t (U(t)-U,
E= ( (¢) e) thz 0+7( (¢) e) St or
t Ryis fo Ryis
2 2
S(V(t)-V, >tg+57 (V(t)=V,
E= (V(¢) e) thz O+T( () e) St
f  Rags fo Rgis
As an altefnative to Formulae (A.1) and (A.2), Formula (A.3) can be used to determine the y-capad
U(t)=(Uy-U,)e 0 +U,
where 7 represents the product of €y, (,,; and combined resistance of Rjg, (ota1. and Ryg.
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Annex B
(informative)

Outlook on megawatt charging applications

B.1 General

r1ng power in the range of megawatts had been ongomg in the 1ndustry for several
corresponfing vehicle connector(s) and vehicle inlet(s) are under development in IECCTS ¢

of transfe

requirements for the EV supply equipment are under development in IEC 61851-23-32).

To support an earliest possible market introduction of these vehicle charging systems; this anne
outlook on the expected implications to the vehicle power supply circuit.

B.2 describes modifications to requirements in the main part of the document kelated to megawat
applications. Unless otherwise specified in B.2, the requirements in the main-part also apply for
charging applications, whereas:

in cas
requiy
applic

b of different requirements for different configurations of IEC 62196-3 or IEC TS 621
ements for configuration EE or configuration FF apply, but the reference for megawat
htions is IEC TS 63379, configuration HH;

for mggawatt charging applications, IEC 61851-23-3 appli€s instead of IEC 61851-23.

B.2 Outlook on modifications related to megawatt charging applications

B.2.1 Maximum working voltage between DC+ and DC-

The maximum working voltage between DC+# and DC- under normal operation is limited to 1 250

B.2.2 Requirements for unmated vehicle contacts in normal operation

ISO 5474-]
contacts u
d.c., as apg
charge as

:2024, 6.2.8.2 specifies-requirements for stored energy and stored charge for unmat
p to 1 000 V d.c. byreferencing Curve B in [EC 60479-2:2019, Figure 22. For voltages abg
lied in megawattcharging systems (see B.2.1), the same values apply for stored energy
or 1 000 V. Curve B of IEC 60479-2:2019, Figure 22 is horizontally extrapolated.

B.2.3 Vehicle circuits with a maximum working voltage above 1 250 V d.c.

Instead of

6.242.2 the following applies for megawatt charging applications.

ns capable
years. The
3379, the

X gives an

t charging
megawatt

D6-3-1, the
t charging

V d.c.

ed vehicle
ve 1000V
hnd stored

If the vehi

be connected to DC EV supply equ1pment with a maximum workmg voltage of <1 250 V d.c., there is a risk
that the voltage between the live conductors and protective conductor in the EV supply equipment exceeds

1250Vd.c.

It can be caused by, but is not limited to, an insulation fault, see Figure 1, or an asymmetric leakage in the

section of the vehicle with a working voltage above 1 250 V d.c.

The temporary overvoltage can trip SPDs in the EV supply equipment or damage components
supply equipment.

2) Under preparation. Stage at the time of publication: IEC/CD 61851-23-3:2023.
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The current caused by those effects can subsequently:
— cause a touch voltage between earth and vehicle chassis; and/or

— damage the protective conductor connection between the vehicle and the DC supply equipment as a
secondary effect.

The vehicle manufacturer performs a safety analysis to minimize the risk of a hazardous electric shock
caused by the effects above. The protection measures are, but not limited to:

The vehicle disconnects the vehicle power supply circuit from the EV supply equipment in less than 5 s if
the voltage between the live conductors and protective conductor exceeds 1 250 V d.c. in the section of the

vehicle power supply circuit with a working voltage of less than or equal to 1 250 V d.c. and the vehicle:

— has sinple separation between the vehicle power supply circuit and any circuit which has

volta

above 1 250 V d.c., if a single fault result in a voltage of maximum 1 250 V dc, be

conduftor and protective conductor, or

volta

has prjotective separation between the vehicle power supply circuit and any circuitwhich has

above 1250V d.c, ifa single fault resultin a voltage exceeding 1 250 V d.¢;xbetween live

and protective conductor.

B.24 S

g

J

B.2.4.1

Subclause

ort circuit energy

hort circuit energy supplied by the vehicle

6.3.2.3.2 applies with the following values:

— maximum cut-off current of 70 kA (instead of 30 kA);

switch

| off of supply within 4 ms (instead of 1 s);

— maxinmum I2t value of 12 000 000 AZ2s (instead of'2 500 000 AZ2s);

Conformai
— byins
— by tes

circui

q

J

B.2.4.2

The prote
55 kA. Thi
30 kA) an
(minimum)

The proteq

1ce is checked:

t, applying a fault resistapce of R, ,;; < 5 mQ and a fault inductance of L, ;, < 2 pH fo
condition external to thevehicle.

hort circuit energy through the protective conductor

ctive conductor contact in the coupler is designed for maximum short circuit peak d
5 value is based on the assumption of a simultaneous short circuit in external electric ci
1 the vehicle power supply circuit (max. 70 kA) including a minimum impedance of
cable fenigth of 2 m).

tive conductor of the vehicle power supply circuit has the following characteristics:

a working
tween live

a working
conductor

pection, assuming a fault resistanée of R, ,;; = 5 mQ and a fault inductance of L, ,;, = 2 WH or

" the short

urrents of
Fcuit (max.
the cables

— a maximum short circuit peak current of 55 kA through the protective conductor contact of a vehicle
inlet, and

— amaximum It value through the protective conductor contact of a vehicle inlet of 11 000 000 AZs.

Conformance is checked:

— by inspection, assuming a fault resistance of R, ;; = 10 m(Q and a fault inductance of L, ;. = 4 uH, or

— Dby test, applying a fault resistance of R, ;; < 10 mQ and a fault inductance of L, ;, < 4 uH for the short
circuit condition external to the vehicle.
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