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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 2:

AC po

1 Scop
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This document in combination with ISO 5474-1 specifies requirements for conductive power transfer using

alternatin
external e

NOTE

This docu
reverse pQ

This docu

configuratlions of chargers on-board electric vehicles are shown in Annex A.

This docu
outlets an
the vehicld
separation

This docuinent does not provide:

requiy

requiy

but they ai

This docuinent does not provide:

requiy

compt

requiy

b current (AC) with a voltage up to 1 000 V a.c. between electrically-propelled road v¢
ectric circuits.

External electric circuits are not part of the vehicle.

ment provides requirements for conductive charging in medes 2, 3 according to IEC 6
wer transfer.

ment applies to vehicle power supply circuits. Examples of circuit diagrams fof

nent also provides requirements for reverse power transfer through on-board standd
/or a EV plug or vehicle inlet according to dEC 62196-1 or I[EC 62196-2 conductively co
power supply circuit. Requirements for.AC' power transfer using a charger without at le
are under consideration.

ements for simultaneous opération of multiple EV plugs or vehicle inlets and
ements for power transfer-while driving (electric road systems)

‘e under consideration:

ements forimopeds and motorcycles (which are specified in ISO 18246);
ehensive safety information for manufacturing, maintenance and repair personnel;

emtents for vehicle to load adapters.

hicles and

1851-1 and

different

rd socket-
hnected to
ast simple

2 Normative references

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

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

IS0 6469-3:2021, Electrically propelled road vehicles — Safety specifications — Part 3: Electrical safety

© IS0 2024 - All rights reserved
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IEC 60038,
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IEC standard voltages

IEC 60364-4-43, Low-voltage electrical installations — Part 4-43: Protection for safety — Protection against

overcurren

t

IEC 60364-8-82:2022, Low-voltage electrical installations — Part 8-82: Functional aspects - Prosumer’s low-
voltage electrical installations

IEC 60664-1:2020, Insulation coordination for equipment within low-voltage supply systems — Part 1:

Principles,

requirements and tests

[EC 60898-1:2015, Electrical accessories — Circuit-breakers for overcurrent protection for household and
similar installations — Part 1: Circuit-breakers for a.c. operation

IEC 618511

[EC 62196
vehicles —

[EC 62196
vehicles —
accessories

[SO 15118
IEC 60364

— Earthin
3 Term

For the pu
[SO and IE

— ISO Omnline browsing platform: available athttps://www.iso.org/obp

IEC El

3.1
active fac
cos @

for a two-t
the appare

[SOURCE:

3.2
protectivg
electricall

1:2017, Electric vehicle conductive charging system — Part 1: General requirements

-1, Plugs, socket-outlets, vehicle connectors and vehicle inlets — Conductive cHhdrging
Part 1: General requirements

-2, Plugs, socket-outlets, vehicle connectors and vehicle inlets — Conductive charging
Part 2: Dimensional compatibility and interchangeability requirements fop a.c. pin and cc

(all parts), Road vehicles — Vehicle to grid communication interfate

L5-54, Low-voltage electrical installations — Part 5-54: Selection and erection of electrical
y arrangements and protective conductors

s and definitions

Fposes of this document, the terms and definitions given in ISO 5474-1 and the followin

bctropedia: available at https://www.electropedia.org/

for

erminal element of-axtwo-terminal circuit under sinusoidal conditions, ratio of the activj
nt power

EC 60050-1371:2002, 131-11-49, modified — The symbol “cos ¢” was added and the not

P separation
) protective separation

C maintain terminology databases for use in standardization at the following addresses:

of electric

of electric
ntact-tube

equipment

g apply.

e power to

e deleted.]

separatio

— basici

E 1 deas o ade L. &l 1 £
UT'UNIT TITTULTNIU TITCUIL IT U dTTUTHITT Dy HHITAITS Ul

double insulation; or

nsulation and electrically protective screening (shielding); or

reinforced insulation

[SOURCE: IEC 60050-826:2004, 826-12-29]

© IS0 2024 - All rights reserved
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3.3
vehicle-to
V2L

ISO 5474-2:2024(en)

-load

power transfer from the vehicle power supply circuit to at least one external electric load, where the load is
assumed to be without permanent connection to protective earth

Note 1 to entry: The external electric load can be connected to the vehicle power supply circuit via an on-board
standard socket-outlet, or the vehicle inlet, directly or using a V2L adapter (3.4).

3.4

V2L adapter
equipment which connects to the vehicle power supply circuit using the vehicle inlet and provides at least
one standard socket-outlet for external electric loads

3.5
grid form
mode of re

3.6

grid following mode

mode of re

3.7
isolation
disconnec

of an installlation and their energy sources

[SOURCE:

4 Syste
ISO 5474-1

ing mode
verse power transfer not in parallel with the supply network

verse power transfer in parallel and following the operational paranteters of the supply

fion providing adequate insulation between electrical equipment, a system, an installat

EC 60050-195:2021, 195-06-23]

m architecture

:2024, Clause 4 applies except as follows:

' network

jon or part

An example of vehicle-to-load AC reverse poweritransfer (AC reverse power transfer in grid forming mode to

unearthed

An examp
to earthed

An examp
mode or g

external circuit) is provided in Figure 1.

e of vehicle-to-grid AC reverse power transfer (AC reverse power transfer in grid folloy
external circuit) is providedin Figure 2.

e of of vehicle-to-homeAC reverse power transfer (AC reverse power transfer in gr
'id following modede earthed external circuit) is provided in Figure 3.

ving mode

d forming

© IS0 2024 - All rights reserved
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n

vehicle

AC vehicle coupler

V2L adapter

socket-outlet provided by V2L adapter and standard plug

standard socket-outlet provided on-board the vehicle and standard plug
external electric load

bidirectional power converter with at least simple separation in grid'férming mode
vehicle power supply circuit

disconnection device

RESS

electric drive

other voltage class B electric loads

voltage class A electric loads

— Single-line diagram of example-of vehicle-to-load AC reverse power transfer (A
power transfer in grid forming mode to unearthed external circuit)

C reverse

© IS0 2024 - All rights reserved
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1d 2

110 120 ~55a7) 11| 200

AC EV supply equipment capable of reverse power transfer function grid connected
vehicle

AC vehicle coupler

bidirectional power converter with at least simple separation in grid followihg mode
vehicle power supply circuit

public network

local distribution

RESS

electric drive

other voltage class B electric loads

voltage class A electric loads

— Single-line diagram of example of vehicle-to-grid AC reverse power transfer (A
power transfer in grid following mode to earthed external circuit)

C reverse

© IS0 2024 - All rights reserved
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le 2
110 120 “2a0) I1]| 200
130 |
121d
D | _ | _ 3ac > ——(M) 210
N/ —. 220
300
140
Key
le AC EV supply equipment capable of reverse power transfer function islanded withoutgrid conngction
2 vehicle
3a AC vehicle coupler
21d bidirectional power converter with at least simple separation in grid forming mode or grid following mode
22a vehicle power supply circuit
110 public network
120 local distribution
130 switching device for islanding
140 PV system
200 RESS
210 electric drive
220 other voltage class B electric loads
300 voltage class A electric loads

Figurg 3 — Single-line diagram of example of vehicle-to-home AC reverse power transfer (AC
reverse|power transfer in grid forming mode or grid following mode to earthed external|circuit)

5 Environmental and operational conditions

ISO 5474-1:2024, Clause 5 applies.

6 Safety requirements

6.1 Ge1:|eral

ISO 5474 _-7”74’ 6.1 :\pp]inc

6.2 Protection of persons against electric shock

6.2.1 General
[SO 5474-1:2024, 6.2.1 applies except as follows:

The vehicle shall provide at least protective separation between the live parts of the vehicle power supply
circuit and voltage class A circuits as provision for basic and fault protection.

The vehicle shall provide at least simple separation between the live parts of the vehicle power supply circuit
and other voltage class B2 circuits as provision for fault protection.

© IS0 2024 - All rights reserved
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6.2.2 Compatibility with external safety devices

NOTE 1
IEC 62752 for mode 2 and IEC 62955 for mode 3.

The protective provisions of the vehicle are coordinated with an EV supply equipment which complies with

Compatibility with continuity checking of the protective conductor shall be achieved by limiting the

Y-capacitance according to 6.2.4.

NOTE 2
protective conductor.

6.2.3 Insulation resistance

High Y-capacitance of the vehicle power supply circuit can interfere with continuity checking of the

[SO 5474-1:2024,6-2-3appiies.

6.2.4 Tduch current

[SO 5474-1:2024, 6.2.4 applies except as follows.
Replacemient of the last paragraph:

hce shall be tested in accordance with 13.5.

Conformaj

equipment may contribute to the touch current for mode 2 charging with a value up
5 of continuity of protective conductor, refer to [EC 62752.

EV supply
case of los

NOTE n normal condition, the resistance of the earth electrode in &TT earthing system can have a
166 Q, see [EC 60364-4-41:2005+AMD1:2017, 411.5.1, NOTE.

6.2.5 Inpulation coordination

ISO 5474-1:2024, 6.2.5 applies except as follows:

The insulation shall be designed according to requirements given in 6.2.1.

The insulation shall be designed for rated iimnpulse withstand voltage in accordance with IEC 606
Table F.1 with overvoltage category II. If-the vehicle power supply circuit includes measures
transient gvervoltage to a level according to overvoltage category I, parts of the vehicle power sup
that are protected by these measufes may be designed according to overvoltage category I ac
IEC 60664}1.

Conformance of withstand to-temporary overvoltages shall be tested in accordance with 13.4.

ce of withstand to overvoltage category Il impulse voltage shall be tested in accord
:2021, 10.6.

otective conductor

fo 1 mA in

value up to

b4-1:2020,
that limit
ply circuit
cording to

ance with

:2024, 6.2.6 applies.

6.2.7 Basic protection when connected to an external electric circuit

ISO 5474-1:2024, 6.2.7 applies.

6.2.8 Requirements for unmated vehicle contacts

ISO 5474-1:2024, 6.2.8 applies.

© IS0 2024 - All rights reserved
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6.3 Protection against thermal incident

6.3.1 Requirements for normal operation

ISO 5474-1:2024, 6.3.1 applies.

6.3.2 Overcurrent protection

6.3.2.1 General

[SO 5474-1:2024, 6.3.2.1 applies.

6.3.2.2 verload protection

[SO 5474-1:2024, 6.3.2.2 applies.

6.3.2.3 S$hort-circuit protection

For short-¢ircuit current supplied by an external electric circuit (e.g. external electric power supp

one of the following requirements shall be fulfilled.

a) The cross-sectional area of the live conductors of the vehicle power-supply circuit shall ha
circuif current withstand rating (I%t) according to the characteriStics of the overcurrent pr

y), at least

e a short-
btection of

the exfernal electric circuit. For the connection to an external eleetric power supply with a rated current

up to
least §

Confo
NOTE

b) Overc
power,
Cross-
protec
proted

Confo
Cross-

0 A, the vehicle power supply circuit shall have a short=circuit current withstand ratin
0 000 AZs. I2t value shall be calculated according todEE 60364-4-43.

'mance is checked by measuring the cross-sectiohs or by design review.
The breaking time for short-circuit protection can be up to 5 s (see IEC 60364-4-41).

irrent protection (e.g. fuse, circuit breaker) shall be provided in each live conductor of

tion shall fulfil 6.3.2.3 a).

Kections, or by designreview.

c¢) The charger shall providé an overcurrent protection (e.g. fuse, circuit breaker) in each live

of the
proteq

chara
inlet

chassils¢

supply circuit. The live conductors protected by this overcurrent protection shall havg
ectional area to carry the overcuirrent according to the characteristics of this oyercurrent
tion. The cross-sectional area ofthe live conductor between the vehicle inlet and the oyercurrent

b (12t) of at

he vehicle
sufficient

'mance is checked by checking the parameters of overcurrent protection and by meajsuring the

conductor

vehicle power(supply circuit. The live conductors between the vehicle inlet and the oyercurrent
tion shall_have sufficient cross-sectional area to carry the overcurrent accordi
teristics of this overcurrent protection. The vehicle power supply circuit between the vehicle

d theewercurrent protection shall be protected against mechanical damage so that sirjgle failure
does ot cause an insulation fault between live conductors or between live conductors and

ng to the

electrical

Conformance is checked by checking the parameters of overcurrent protection and by measuring the
cross-sections and by checking the protection against mechanical damage, or by design review.

The vehicle shall provide short-circuit protection for short-circuit current that is supplied by power sources

of the vehi

6.3.3

cle.

Residual energy after disconnection related to thermal incident

ISO 5474-1:2024, 6.3.3 applies.

© IS0 2024 - All rights reserved
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6.3.4 Arc protection
[SO 5474-1:2024, 6.3.4 applies except as follows:

If an interlock function is required in accordance with ISO 5474-1:2024, 6.3.4, one of the following types
shall be used:

— Electrical interlock: when the proximity detection circuit is used for such an interlock function, the
vehicle shall stop power transfer operation and reduce the current through the vehicle coupler to less
than or equal 1 A within 100 ms after actuation of the switch in the proximity detection circuit.

— DMechanical interlock: when mechanical interlock is used, the vehicle shall inhibit release of the vehicle
connector while the vehicle current exceeds 1 A.

Conformance is checked by design review.

NOTE he proximity detection circuit is specified in [EC 61851-1.

6.4 Vehjcle movement

ISO 5474-1:2024, 6.4 applies.

6.5 AC ¢r DC electric power at the same contacts

[SO 5474-1:2024, 6.5 applies.

7 Electromagnetic compatibility

[SO 5474-1:2024, Clause 7 applies.

8 Prot
[SO 5474-1:2024, Clause 8 applies.

ction in case of unintended power transfer

9 Functional requirements

9.1 Volltlge and frequencyranges for normal operation

The vehicle power supply gircdit shall operate as intended within the voltage range of the nominal voltage
with a toldrance of +10 % and -15 %. The vehicle power supply circuit shall operate as intended within the
frequency|range of 50 Hz-* 1 % or 60 Hz + 1 %.

NOTE1 [This voltage range is derived from an application of values indicated in IEC 60038 (max. 110 %) and
IEC 60364-p-52 (low voltage installations supplied directly from a public low voltage distribution system: max. -5 %).

NOTE 2 n-alow voltage installation supplied from private low voltage supply, the voltage can be down td -19 %. The
voltage range is derived from an application of values indicated in IEC 60038 (max. -10 %), IEC 60364-5-52 (low voltage
installation supplied from private low voltage supply: max. -8 %) and voltage drop by IC-CPD cable (about -1 %).

9.2 Inrush current

The vehicle shall limit the inrush current into the vehicle power supply circuit in each live conductor
individually as follows.

— Event 1: after closing the EV supply equipment’s contactor of a specific live conductor at the peak value of
the supply voltage on this live conductor, the currentin this specific live conductor shall not exceed 230 A
peak within the duration of 100 ps. The current in this live conductor shall decline and not exceed the
limit of the event 2 at and after 100 ps until event 2 takes place. Currents in this specific live conductor

© IS0 2024 - All rights reserved
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caused by the closing of an EV supply equipment’s contactor of a different live conductor shall not be
considered.

NOTE 1

supply equipment to avoid welding.

NOTE 2

230 A for 100 ps is the limit adopted by IEC 61851-1:2017, 12.2.6 and IEC 62752:2016, 9.8.2.1.

The maximum value of the event 1 inrush current is coordinated with the switching devices in the EV

Event 2: during the precharging of the capacitors in the charger, the RMS value of the current in each

live conductor, measured over each period of the supply voltage, shall not exceed 30 A. Current peaks
exceeding 42,4 A may occur as long as requirements of IEC 61000-3-3 or IEC 61000-3-11 are not violated.
The event 2 shall not exceed 1 s.

NOTE 3

rash-eurrentis l-mﬂ-nA |v\ r\vr‘nw o avzad wnn-nn of +hn mMiature—eirewd + hyran
o ¥

ers (MCB).

The value o
NOTE 4

by the EM(
capacitancg
event 1 imij

Conformai

9.3 Loa
The vehicl

the m

IEC 61851-1:2017, A.2.2;

10 Af]

IEC 611851-1:2017, A.2.3;

the m4
series

NOTE

the m
ifthe
as spe

For PWM j

NOTE 2

current indjicated by PWM signal according to IEC 61851-1:2017, Annex A.

NOTE 3

New vehic

o r Crrc o IITT vV OTO—Crrp P s Ot ocor c—Crrcurcorco

['he inrush current is caused by the following two phenomena: during event 1, the inrush curre

of the DC circuit (DC voltage link) of the charger power electronics. Event 2 dgesyfiot necess
hediately.

ce shall be tested in accordance with 13.6

d current
e load current shall not exceed the lowest of the followinglimits:

hximum allowed current value indicated by the typicakcontrol pilot function in accord

Fom a single phase, if the vehicle is using the simplified control pilot function in accorg

ximum allowed current value provided by digital communication in accordance with thd

or other digital communication standards as applicable;
|  SAE]J3068 provides requirements for digital communication in the following countries: US

ximum current of the cable.assembly, as indicated by the coding resistor of the vehicle
rehicle inlet provides a praximity contact for simultaneous proximity detection and curt
cified in IEC 61851-1:2017, B.2.

elated pilot contrelfunction interactions and thresholds, see IEC 61851-1:2017 Table A

[he EV supply-equipment can cut off the power in case the EV load current exceeds the maxim

n some:eotintries, the use of simplified pilot function is not allowed: US.

e-designs should not use the simplified control pilot function according to IEC 61851-1:2

f 30 A (rms) corresponds to a 10 A MCB with tripping characteristic B as defined in I[EC 60898x1.

ht is caused

filters upstream of the charger power-electronics. During event 2, the inrush current is cayised by the

arily follow

lance with

lance with

[SO 15118

connector,

ent coding

6.

hm allowed

4017,A.2.3.

9.4 Active factor

This subclause applies for power transfer from the external electric circuit to the electrically propelled
vehicle.

The active factor of the vehicle at its rated power shall be at least 0,95 unless the vehicle allows to adjust the
active factor of its charger according to additional information provided by the EV supply equipment. See
[EC 61851-21-1 for requirements for emissions of harmonics on AC power lines.

For each individual line conductor, the active factor shall be at least 0,9 unless the active power of this phase
is less than 5 % of the rated power of the charger or 300 W whichever is higher.

© IS0 2024 - All rights reserved
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The operation of an individual line conductor at an active factor of below 0,9 should be limited to 30 min per
charging session.

If the active factor is below 0,9, the reactive power should be limited to 300 var per line conductor.

NOTE 1

reactive power.

NOTE 2

Extended operation durations at low cos(phi) / active factor unnecessarily loads the AC grid with

The vehicle can open S2 (see IEC 61851-1) which triggers a transition to state B (i.e. disconnection of the

vehicle from the AC grid by the EV supply equipment) which avoids further loading of the AC grid with reactive power.

NOTE 3

NOTE 4

The active factor can be below 0,9 during certain operating conditions (e.g. preconditioning, cell balancing).

In the following countries the time to operate at active factors below 0,9 is limited to 1 hour per charging

session by t

NOTE 5

conductor By the connection requirements of distribution system operators: DE.

If the vehi
the EV sup

— adjust
a)
b)
c)

The confot
connected

it
it

it

NOTE 6
considered

9.5 Phajse order and number of phases in three-phase operation

This subcl
The vehicl

when

when

If the vehi
when conp

implefnent applicable communication from the ISO 15118 series, and

he connection requirements of distribution system operators: DE.

n the following countries the reactive power is limited to 1 kvar if the active factor is-below

le allows to adjust the active factor of its charger according to additional ififormation p
ply equipment, the vehicle should:

either:

active factor as a fixed value within the range between 0;90 inductive and 0,90 capacit
reactive power as a function of supply voltage, Q(U), ox

active factor as a function of power, cos ¢ (P).

mance may be checked at the vehicle level or-the relevant component level with the reg
at the operating power range of the deviceunder test.

n case of component level test, only the operating power points that are defined at vehicle ]

huse applies if the vehicle supports three-phase power transfer.
e shall be fully operational:

ronnected to anexternal electric circuit with clockwise phase sequence (L1-L2-L3) and

ectéd’to an external electric circuit with clockwise phase sequence (L1-L2-L3).

ronnected te.an external electric circuit with anti-clockwise phase sequence (L1-L3-L2].

0,9 per line

rovided by

ive, or

istive load

evel can be

le supports reverse power transfer in three-phase operation, the vehicle shall be fully operational

: 1 L 1 . | A | - - L
Dynamlc CITAITgT O PIIasts IS UITucT COITSTUTT attomrm

A aVallVall Wa ¥ =t IR | | 1 111 A | a1
LU U101 dIIU SHHUUIU UT CULISITUTITU Dy

manufacturer.

Conformance is checked by inspection.

9.6 Req

uirements for the plug and cable

The plug (case A) shall comply with:

IEC 62196-1 or
[EC 62196-2.

© IS0 2024 - All rights reserved
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See IEC 62440 for general guidance on the safe usage of cables.

A cable that is specifically intended for charging of electric vehicles is specified in IEC 62893-3 or similar
national standards.

9.7 Req

uirements for the vehicle inlet

The vehicle inlet (case B and case C) shall conform to:

IEC 62196-1 or
IEC 62196-2.

9.8 Coanatibility with self test functions of EV supply equipment

Self test f

unctions of the EV supply equipment are under consideration in IEC 61851¢1 ;and

considered by the vehicle manufacturer.

10 Addi
IS0 5474 1

fional requirements for reverse power transfer

:—, Clause 10 is applicable except as follows.

10.1 Genleral

Reverse power transfer through a plug is under consideration.

NOTE

Requiremg
under con

10.2 Safé¢

10.2.1 Ggqg

Unless oth
manufactu

10.2.2 Rq

The vehicl
electronic

10.2.2.1 |

SAE ]2847-5 provides requirements for vehicle to load applications in the following countries: US

nts for multiphase reverse power transfer in grid forming mode to unearthed external
bideration.

ty requirements

neral

erwise specified fault profection shall be applied based on the fault mode analysis
rer.

verse power transfer in grid forming mode to unearthed external circuit (vehicle {

e manufacturér shall give adequate methods for the initial and periodic verification of
converter.

Protection against electric shock

Insulation resistance

should be

nd Canada.

circuit are

by vehicle

o load)

the power

10.2.2.1.

The value of insulation resistance of the vehicle power supply circuit shall be higher than the thresholds
given in ISO 5474-1:2024, 6.2.3.

10.2.2.1.2

Protection under single fault condition

Requirements are given for a vehicle power supply circuit isolated from electric chassis (i.e. similar to IT-
system). Requirements for a vehicle power supply circuit not isolated from electric chassis (i.e. similar to
TN-System) are under consideration.

© IS0 2024 - All rights reserved
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The vehicle shall provide one of the following protective provisions between the vehicle power supply circuit
and other voltage class B circuits of the vehicle:

protective separation;

simple separation the vehicle shall perform both of the following:

simple separation, and the vehicle shall detect a fault of the simple separation. In case of a fault of the

— reduce the touch voltage between any contact and any other contact of the vehicle inlet or any on-
board socket-outlet as well as the touch voltage between any contact of the vehicle inlet or any on-
board socket-outlet which is conductively connected to the vehicle power supply circuit and the
electric chassis to below 60 V d.c. and 30 V a.c. within less than or equal to 1 s and

— removeatemporary overvottage; ifappticable; withitmatimreaccording totE€- 6066412620, 5.4.3.2
(e}g. de-energization of the vehicle power supply circuit or disconnection from the|source of
overvoltage).

NOTE 1 A long-term temporary overvoltage can have a duration longer than,5/s accorfling to IEC
6(0664-1:2020, 5.4.3.2.

Conformance of separation and de-energization is checked by design review.

Conformance of detecting fault of the simple separation is checked by simulation of a fault or by design review.

If the veh
provide th

If a socke
chassis wi

The cross-
Conformai
For vehiclg

a) Anind

that a
the tel

The r¢
from 4

The 1
discor]

cle power supply circuit provides more than one socket-outlet, the protective provi
e same level of safety for each socket-outlet.

-outlet provides a protective conductor terminal, itishall be connected to the vehig
th a protective conductor.

sectional area of the protective conductor shall be designed in accordance with IEC 603
pce is checked by design review.

to load operation, at least one of the following protective provisions shall be applied.
ividual residual current protectivefunction shall be provided for

ch of the on-board standard socket-outlets and

ch of the vehicle inlets

e simultaneously-eonductively connected to the vehicle power supply circuit. For a d¢
'm “conductively-connected” refer to ISO 6469-3:2021, 3.7.

sidual currentprotective function shall after operation effectively isolate the circuit
11 live conductors of the supply.

esiduals current protective function shall operate at I, not exceeding 30 m/
neCtion timing requirements shall be fulfilled according to IEC 60479-1.

sions shall

le electric

64-5-54.

finition of

concerned

\ a.c., the

The position of the contacts of the residual current protective function or other means of isolation
should, in the isolated position, be either externally visible or clearly and reliably indicated.

NOTE 2

NOTE 3

outlet in an IT system is derived from IEC 60364-4-41:2005, 411.6.1 and 411.6.3, NOTE 2.

NOTE 4

faults must be considered when the first fault situation is not automatically detected.

NOTE 5

The indication can be achieved by suitable marking to indicate the isolated and close

respectively.

© IS0 2024 - All rights reserved
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The devices used for the residual current protective function shall be designed to prevent unintentional
operation.

NOTE 6

Such operation can be caused, for example, by mechanical shocks and vibrations.

In case DC protective conductor currents are possible, the residual current protective function shall

have s

b)

uitable properties.

An insulation resistance monitoring system which monitors periodically or continuously the insulation

resistance of the vehicle power supply circuit during vehicle to load operation, shall be provided.

The insulation resistance divided by the maximum working voltage of the vehicle power supply circuit
shall be more than 500 Q/V.

— 1

1
A\

In
af
le

N
N

If the pro
chassis is
supply cir

NOTE 9
like class 0

i

case of an asymmetric insulation fault, the vehicle shall reduce the output voltage at

jthin less than or equal to 1 s.

case of a symmetric insulation fault, the vehicle shall reduce the output voltage at the v
d conductively connected on-board standard socket-outlets to below 30 V.a.c.and 60 V
5s than or equal to 10 s.

TE7 The time value for an asymmetric fault is taken from HD, 60364-5-551, Annex ZC,
DTE 8 The time value for a symmetric fault is taken from [EC 61851-23.

ective conductor between exposed conductive parts of connected external electric

he vehicle

et and conductively connected on-board standard socket-outlets to below 30 V az¢.lanid 60 V d.c.

bhicle inlet
d.c. within

7C.3.2.2.2.

loads and

hot provided by the class of equipment or by accessories that are connected to the vehlicle power

uit, option b) alone is not sufficient.

n some countries where rated voltages of less than'or equal to 150 V a.c. are used, certain
equipment according to IEC 61140 or certain aceessories like adapters between plugs and so

of Type A
conductor

NOTE 10

r B according to IEC 60884-1 might be used\which do not provide or possibly interrupt the
ath.

afety of class Il equipment does not rely‘on a protective conductor.

The vehicle shall reduce the output voltage-at vehicle inlet or on-board standard socket-outlet to
less in thelevent of a short circuit current between a live conductor and the protective conductor i
given in IHC 60364-4-41:2005, 411.3.2.2.

10.2.2.2

The vehic

output vol
thera

the ra

vercurrent proteetion

e shall providesovercurrent protection means to interrupt the power transfer and 1
fage at the véhicle inlet, if any of the following values are exceeded:

fed currént of the vehicle power supply circuit;

fed/current of the vehicle inlet;

equipment
rket-outlets
protective

BO V a.c. or
h a time as

reduce the

the maxmmmumrcurrent imdicated by the V2Eadapter; e g Tesistor coding ordigitat commmurmication;

the maximum currentindicated by an external electricload, e.g. resistor coding or digital communication.

The vehicle shall cut off the output current if the thresholds of the chosen tripping characteristics are

reached.

The overcurrent protection tripping characteristics shall not be slower than type B or C according to

IEC 60898

NOTE 1

-1:2015, Table 7.

Typically, the power electronics providing the energy for the V2L application will be the limiting factor.

Very fast tripping characteristics will limit the availability of the V2L function in case the connected load has high
inrush currents.

© IS0 2024 - All rights reserved
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trigger an external overcurrent protection, e.g. a fuse or circuit breaker.

Conformance of overcurrent protection means is checked by design review.

In some countries, the maximum reverse power from the vehicle is limited to less than 10 kW: Japan.

It is possible that the overload or short circuit current provided by the power electronic converter does not

The vehicle manufacturer shall give adequate methods for the initial and periodic verification of the power

electronic

converter.

10.2.3 Reverse power transfer in grid following mode to earthed external circuit (vehicle to grid)

Requirements for reverse power transfer in grid following mode to earthed external circuit are under

considera

10.2.4 Rq

Requiremg
considerat

10.3 Functional requirements

10.3.1 G¢

1011.

nts for reverse power transfer in grid forming mode to earthed external circuit
ion.

neral

verse power transfer in grid forming mode to earthed external circuit (vehicle’to home)

are under

The vehicle shall follow the grid code specific thresholds for power supply as provided by the external

electric ci
accordanc
voltage wi

NOTE
needs to pi
communicg

The vehicle shall supply the voltage and frequency according to IEC 60038 and coordinated wi

adapter.
The vehicl

The means
10.3.2 R¢{

10.3.2.1 ¢

The volta

10.3.2.2

‘cuit. During reverse power transfer, the vehicle power supply circuit shall be able tq
e with [EC 60038 and IEC 60364-8-82:2022, 7.1 and" within the voltage range of th
kh a tolerance of 15 %.

n case of a grid connected reverse power transfer (under consideration) it is possible that
ovide the active power and reactive power baséd on request by the EV supply equipment (e.{
tion).

of coordination (e.g. comimunication, signalling) is under consideration.
verse power transfer in grid forming mode

Dutput voltage

e shall be.standard voltage in accordance with IEC 60038.

utput frequency

e shall not exceed the maximtm current threshold as coordinated with the V2L adapter.

supply in
e nominal

the vehicle
v, by digital

th the V2L

The frequency shall be 50 Hz or 60 Hz. The tolerance of the frequency should be +1 %.

10.3.2.3 Output waveform

The outpu

t waveform shall be a sine wave or a modified sine wave (e.g. stepped sine wave).

The total harmonic distortion rate shall be less than 10 % in accordance with IEC 62109-2:2011, 4.7.5.

NOTE

For more information, see EN 50160.

© IS0 2024 - All rights reserved
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10.3.2.4 Phase order

The vehicle shall supply a clockwise phase sequence (L1-L2-L3) when connected to an external electric

circuit.

10.3.3 Reverse power transfer in grid following mode

Requirements for grid following mode are under consideration.

11 Requirements for power transfer to on-board standard socket-outlets

11.1 General

If the veh
provide th

Socket-out
shall be di

Additional
circuit, du

Check eith
that all so
(i.e. all livg

The vehic
connected

Requiremg
are under

11.2 Pro

If a socke
chassis wi

The cross-

Conformai

cle power supply circuit provides more than one socket-outlet, the protective provi
e same level of safety for each socket-outlet.

lets on-board the vehicle, which are conductively connected to the vehicle \power sup
sconnected by devices suitable for isolation (e.g. disconnectors) during charging.

requirements to socket-outlets, which are conductively connected.to the vehicle poy
Fing charging modes 2 or 3, are under consideration.

er by design review or by connecting the vehicle to an EV.supply equipment and the
rket-outlets that are conductively connected to the vehiclé.power supply circuit are dig
conductors are isolated).

e manufacturer shall define the conditions to energize on-board socket outlets co
to the vehicle power supply circuit based on a safety analysis.

ents for multiphase reverse power transfer ig:grid forming mode to an unearthed exter
fonsideration.

Lective conductor

-outlet provides a protective .conductor terminal, it shall be connected to the vehic
th a protective conductor.

sectional area of the prétective conductor shall be designed in accordance with IEC 603

nce is checked by désign review.

11.3 Insylation resistance

The value
given in IS

of insulation resistance of the vehicle power supply circuit shall be higher than the
0 5474172024, 6.2.3.

sions shall

bly circuit,

ver supply

h checking
connected

inductively

nal circuit

le electric

64-5-54.

thresholds

12 Own

oT S TIanual and marking

[SO 5474-1:2024, Clause 11 applies.

13 Test procedure

13.1 General

ISO 5474-1:2024, 12.1 applies.
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13.2 Resistance of protective conductor

ISO 5474-1:2024, 12.2 applies.

13.3 Insulation resistance

ISO 5474-1:2024, 12.3 applies.

13.4 Withstand voltage test

The withstand voltage test shall be performed according to ISO 6469-3:2021, 10.6, with the following

modificati

the te
(casel

if the Y

The AC w
with freq
5 s and hel

(Un +
— 2x(U
where Un
NOTE

Equivalent
is 1,41 tim

Further te
by the veh

Neither di

13.5 Med

The meast
power sup

The touch

The test i
national st

The touch

ons:

tis performed on the vehicle power supply circuit at the contacts of the plug (case A),w
B and case C).

rehicle power supply circuit includes contactors or disconnection devices, theyare clos

thstand voltage test of the vehicle power supply circuit shall be perforimed with an
ency of 50 Hz or 60 Hz raised uniformly from 0 V to the following RMS value within not
d at that value for at least for 60 s:

1 200 V) if basic insulation applies;

n + 1200 V) if double insulation or reinforced insulation applies,

s the nominal line to neutral voltage of the neutral-eatthed supply system.

[he values for AC test voltage originate from IEC 60664-1:2020, 5.4.3.2 and IEC 60364-4-44:20

values of the DC voltage can be used instead.ofithe AC peak values. The equivalent DC t
es the RMS value of the AC voltage.

st conditions conform to IEC 60664-1,*considering the specific operating conditions a
cle manufacturer.

lectric breakdown nor flashover-shall occur during the test.

surement of touch current

rements are performed at vehicle level or at component level with the relevant parts of
ply circuit.

current is measwred when the device under testis connected to an AC external electric poy

5 conducted with a cable assembly conforming with IEC 61851-1, [EC 62752 or an
andardbased on recommendation by the vehicle manufacturer.

Current is then measured using the measurement network according to Figure 4

bhicle inlet
bd.

AC voltage
more than

D7, 442.2.2.

bst voltage

5 specified

the vehicle

wver supply.

equivalent

(see also

[EC 60990

).
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=0

Key
AB
=1,5
=50
=10
=0,2
=0,0
mea

%4

ms Whicl

termiinals of measurement circuit

kQ+5%

D Q+5 %

kQ +5 %

2 uF +10 %

22 uF +10 %

ured voltage to calculate the touch current

Figure 4 — Measurement circuit

1is the root mean square value of theyoltage V, is measured, see Figure 4. For voltage med

an instrument according to IEC 60990:2016,-Abhex G is used.

The touch

rms —

The test is
also regar
disconnec

EV supply

After each

current, I,

is calculated by Formula (1):
%4

_| Yrms

500 Q2

surement,

e8]

passed if all touch“currents measured during the test do not exceed the specified limits. It is

ded to fulfil the requirement, if touch current cannot be measured due to stop cha
[ing protective-conductor.

equipment may contribute to the touch current with a value up to 1 mA, refer to [EC 62

ging with

752.

single test, the original operation conditions are re-established without any fault or da

age.

Circuitry which 1s connected through a Iixed 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.

If the device under test is intended for connection to single-phase supply, it is connected between phase and
neutral of an earthed neutral power distribution system (see Figure 5).

If the device under test is intended for connection to three-phase supply, it is connected to a three-phase
star power distribution system, with earthed neutral (see Figure 6).

The use of a test transformer for isolation is optional. For increased safety, a test transformer for isolation is
used and the main protective earthing terminal of the device under test earthed. Any capacitive leakage in
the transformer is then taken into account. As an alternative to earthing the device under test, the secondary
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side of the test transformer and the device under test can be left floating (not earthed), in which case the
capacitive leakage in the test transformer shall not be taken into account.

If a test transformer is not used, the device under test is mounted on an insulating stand and appropriate
safety precautions taken, in view of the possibility of the electric chassis and exposed conductive parts of
the device under test being at hazardous voltage.

1 3 9 4
8 L :

IR

¢ O ot oy e 10
| |
5
p— —O— —O
- B A
6
Key
1  connegtion to external electric power supply 8 external electric power supply
2 polarity switch 9 EV supply equipment
3 connegtion of device under test 10 device under test
4  enclosfire device under test L line terminal
5 testprpbe N neutral terminal
6  measufement circuit PE terminal for protective conductor
7  protective conductor A,B  terminals of measurement circuit

Figure 5 — Example-test setup for touch current with single phase TN system
under AC charging

The vehicle power supply.gircuit operates at its highest rated power, highest rated frequency, anfd 110 % of
the highesf rated voltage with disconnection of the protective conductor (switch protective condyctor open,
see Figurg 5 and Figure 6). If the worst-case conditions for the external electric power supply|cannot be
applied for the test, the measurement may be performed with any voltage in the range of the ratjed voltage
and the repults is calculated accordingly.

The terminal B of the measurement circuit 1s connected to the protective conductor ol the measurement
setup. 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 enclosure of the device under test, see Figure 5 and Figure 6.
The measurement is performed for the whole surface of the device under test. Non-conductive parts of the
enclosure of the device under test is covered by a metal foil, which is connected to the PE terminal of the
device under test and terminal A of the measuring circuit.
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1 3 9 4
I I
! 2 !
8 | |
A L
o O— 1
| |
| L
’3.>— L e
| |
M‘l’ X
? - ¢
I I
® o Ng
| |
I 7 I
5
—O0— —O
1 B A
- 6
Key
1  connegtion to external electric power supply 8 external electtic power supply
2 line or|neutral fault switch 9 EV supply equipment (except mode 2, case A)
3 connegtion of device under test 10 deviceunder test
4 enclospre device under test L ling, terminal
5 testprpbe N neutral terminal
6  measufement circuit PE terminal for protective conductor
7  protective conductor AyB  terminals of measurement circuit

Figure 6 — Example test setup for touch current with multi-phase TN system
under AC charging

The test if repeated with reversed polarity of the current carrying conductors, (see polarity| switch in
Figure 5 and Figure 6) or with activated fault switches (see Figure 5 and Figure 6).

13.6 Inrysh current test

13.6.1 Ggneral
The conformance-is'¢checked by measurement. The following test conditions apply:

a) supply voltage is the rated voltage of the device under test;

b) external power supply has a supply system impedance (loop impedance) of not more than 150 m();

c) supply system impedance is the loop impedance between the relevant live conductors. It is measured
at the connecting point of the device under test to the external power supply in accordance with
IEC 60364-6;

d) the external power supply is one of the following:
— fixed installation, switching device for testing and test cable (e.g. cable assembly for case B or case C);

— fixed installation and EV supply equipment including test cable (e.g. cable assembly for case B or
case C);
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— specific test device (e.g. short-circuit test device, transformer), switching device for testing and test
cable (e.g. cable assembly for case B or case C). This equipment shall have a sufficient prospective
short-circuit current capability to not affect the value of the inrush current over time in accordance
with the loop impedance of 150 m( (e.g. 1,5 kA capability). Conformance is checked by measuring
the voltage drop at the device under test after closing the switching device.

e)

for case B or case C) can be used to adjust the loop impedance to 150 m{).

13.6.2 Measurement

[f the measured supply system impedance is less than 150 m{), a different test cable (e.g. cable assembly

The voltag
is applied
device of t

The curret
The peak ¥

If the pow|
performed

If the meq
dischargin

The requi
system im

e of the external electric power supply is measured. The peak voltage at a phase angle
ht the device under test. This condition can be achieved, for example, by triggerinhg the]
e EV supply equipment.

tis measured continuously for the duration of the measurement.
ralue of the voltage of the power supply is measured.

er supply does not provide the rated voltage of the device under test, the measuremg
with any voltage in the range of the rated voltage and the results is calculated accordii

surement is repeated, sufficient time shall pass betweén“consecutive measurements|
g of capacitors of the device under test.

ed inrush current limits for event 1 and event 2 _if;accordance with 9.2 shall be met 4
pedance of not more than 150 mQ.

of 90° + 5°
switching

nt may be
ngly.

to ensure

it a supply
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Annex A
(informative)

Examples of circuit diagrams for different configurations of chargers
on-board an electric vehicle

A.1 General

This anne{

that are in

It provide
informatid

This anne)
according
2 and 3 of
numbers &
infrastruc

fure topology.

gives examples of circuit diagrams for the connection of chargers to the vehicle inlet./F
ended to be used in case A, the EV plug replaces the vehicle inlet.

5 an overview of relevant vehicle topologies and should be read in combination w
n about infrastructure topologies which can be included in EV supply equipment stand

 numbers the contacts of the vehicle connector using the position numbers of the basi
to IEC 62196-1, see Table A.1. The type 1 vehicle coupler does not implement the positio
the basic interface. The functions that are given in IEC 62196 series for the different position
re intentionally not shown in this table, because the function’of each position depel

Talrle A.1 — Equivalent position numbers of the basiciinterface and configuration ty

br vehicles

th similar
ards.

Cc interface
h numbers

hds on the

pes

Position jumber of basic interface | Position number of configuration | Position number of configurations
type 1 according to FEC 62196- types 2 and 3 according to IEC
2:2022,Table 201 62196-2:2022, Tablg 202
1 (L1) 1 (LD
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