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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh‘*patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared jointly by Technical Committee ISO/TC 22, Road vehicles, Supcommittee
SC 37, Electrically propelled road vehicles, and-Technical Committee IEC/ TC 69, Electric road|vehicles and
electlic industrial trucks.

This|second edition replaces the firstedition (ISO 17409:2015), which has been technically revised. The
mair] changes compared to the previous edition are as follows:

— flerms and definitions havé béen updated,
— requirements for mode)l have been removed because it is no longer relevant for new designs,
— requirements for‘reverse power transfer have been added,

— tequirementsdfor a DC connection with a thermal management system have been addegl

-

— ghort cirewit during DC charging has been reworked, and

— fequirements for charging with pantograph have been added.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

© IS0 2020 - All rights reserved v


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=8cf3381e0c62e0a14f70f11296047266



https://standardsiso.com/api/?name=8cf3381e0c62e0a14f70f11296047266

INTERNATIONAL STANDARD
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Electrically propelled road vehicles — Conductive power
transfer — Safety requirements

1

Scope

This document specifies electric safety requirements for conductive connection of electrically propelled

road
supp|

2,3

NOTH
NOTH

This
dedi
circy

It do
pers

NOTH

NOTH
unde
condiictive DC connection to an external electric\circuit.

2
The

cons
unda3

ISO 6

ISO
ISO

foreli

ISO 2

)

requ

ies and external electric loads. This document provides requirements for the chaj
4, as defined in IEC 61851-1, and reverse power transfer. For mode 4, this docuime
rements regarding the connection to an isolated DC EV charging station according to I1

1  This edition does not provide requirements for mode 1.

2 External electric circuits are not part of the vehicle.

document applies to the on-board sections of vehicle power supply circuits. It apj
rated power supply control functions used for the connection df'the vehicle to an exte
it.

es not provide comprehensive safety information ferx manufacturing, maintenancs

bnnel.
3 IS0 6469-3 provides general electrical safety réquirements for electrically propelled roa

4 With this edition of this document the limitation of y-capacitance for protection against §
" single failure conditions is no longer applicable as a fault protection provision when the

Normative references

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest'edition of the referenced document (including any amendme

469-3, Electricallypropelled road vehicles — Safety specifications — Part 3: Electrical sd
15118 (all patts); Road vehicles — Vehicle to grid communication interface

0653, Road vehicles — Degrees of protection (IP code) — Protection of electrical equipj
Jn objects, water and access

4

ctric power
ging modes
nt provides
KC 61851-23.

blies also to
rnal electric

and repair

d vehicles.

blectric shock
vehicle has a

heir content
applies. For
hts) applies.

fety

nent against

6262 (all parts), Road vehicles — Functional safety

IEC 60038, IEC standard voltages

IEC 60364-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for safety — Protection
against electric shock

IEC 60364-4-43:2008, Electrical installations of buildings — Part 4-43: Protection for safety — Protection
against overcurrent

IEC 60364-5-54, Low-voltage electrical installations — Part 5-54: Selection and erection of electrical
equipment — Earthing arrangements and protective conductors

IEC 60364-6, Low-voltage electrical installations — Part 6: Verification
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IEC 60664-1, Insulation coordination for equipment within low-voltage systems - Part 1: Principles,
requirements and tests

IEC 61000-3-3, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage changes,
voltage fluctuations and flicker in public low-voltage supply systems, for equipment with rated current
<16 A per phase and not subject to conditional connection

[EC 61000-3-11, Electromagnetic compatibility (EMC) — Part 3-11: Limits — Limitation of voltage changes,
voltage fluctuations and flicker in public low-voltage supply systems — Equipment with rated current <
75 A and subject to conditional connection

IEC 61032, Pratection nfpprcnnc and equipment hv enclosures — Prnhpcfnr \mrifirnfinn

IEC 61851-1|2017, Electric vehicle conductive charging system — Part 1: General requirements
IEC 61851-2B:—, Electric vehicle conductive charging system — Part 23: DC electric vehicle charging station

[EC 62196-1, Plugs, socket-outlets, vehicle connectors and vehicle inlets — Conductive ¢harging of eléctric
vehicles — Part 1: General requirements

[EC 62196-2, Plugs, socket-outlets, vehicle connectors and vehicle inlets — Conduttive charging of eléctric
vehicles — Hart 2: Dimensional compatibility and interchangeability requireménts for a.c. pin and contact-
tube accessdries

[EC 62196-3:2015, Plugs, socket-outlets, vehicle connectors and vehicle inlets — conductive charging of
electric vehicles — Part 3: Dimensional compatibility and interchangeability requirements for deditated
d.c. and compined a.c./d.c. pin and contact-tube vehicle couplers

IEC/TS 62196-3-1:—, Plugs, socket-outlets, vehicle connectors and vehicle inlets — conductive charging of
electric vehifles — Part 3-1: Vehicle connector, vehicle inlet:and cable assembly intended to be used with a
thermal mangagement system for DC charging

3 Termsand definitions
For the purposes of this document, the following terms and definitions apply.

ISO and [EC|maintain terminological-databases for use in standardization at the following addressgs:

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

— IEC Eleqtropedia: available'at http://www.electropedia.org/

3.1
active factqr
CoSs @
for a two-tdrmindl element or a two-terminal circuit under sinusoidal conditions, ratio of the active
power to th¢ apparent power

[SOURCE: IEC 60050-131:2001, 131-11-49, modified — The symbol “cos ¢” was added and the note
deleted.]

3.2

automated connection device

ACD

active device where the physical connection between EV supply equipment (3.25) and vehicle is made
and broken without user interaction providing an electromechanical interface

[SOURCE: IEC 61851-23-1:—1), 3.1.203, modified — The phrase “and broken” was added.]

1)  Under preparation. Stage at the time of publication: IEC/ACDV 61851-23-1:2020.
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3.3
ACD

ISO 17409:2020(E)

counterpart

passive device which is used in combination with an ACD (3.2) to make and break the physical
connection between EV supply equipment (3.25) and vehicle providing an electromechanical interface
without user interaction

[SOU
3.4

RCE: IEC 61851-23-1:—1), 3.1.204, modified — The phrase “and break” was added.]

automatic coupler
system comprising an ACD (3.2) and ACD counterpart (3.3)

[SOU

3.5
basi
insul

Note
[SOU

3.6

case
conn
attag

Note
[SOU|

3.7
case
connf

Note
[SOU

3.8

case
conn|
pern

Note

[soy

RCE: IEC 61851-23-1:—1), 3.1.205, modified — The word “of” was deleted.]

C insulation
ation of hazardous live parts (3.30) which provides basic protection

1 to entry: This concept does not apply to insulation used exclusively for functional purposes.

RCE: 1SO 6469-3:2018, 3.3, modified — Note 2 to entry removed.]

A
ection of an EV (3.19) to the supply network (3.53) with a plug (3.43) and cable
hed to the EV

1 to entry: The cable assembly is part of the vehicle.

RCE: [EC 61851-1:2017, 3.1.10]

B
ection of an EV (3.19) to the supply-aetwork (3.53) with a cable assembly detachable at

1 to entry: The cable assembly is not part of the vehicle or the EV charging station (3.23).

RCE: [EC 61851-1:2017, 3.1.11]

C
ection of an EN.(3.19) to the supply network (3.53) utilizing a cable and vehicle conn
lanently attached to the EV charging station (3.23).

1 to entry: The cable assembly is part of the EV charging station.

RCE: {EC 61851-1:2017, 3.1.12]

39
case

D

ermanently

both ends

ector (3.58)

connection of an EV (3.19) to a supply network (3.53) utilizing an automatic coupler (3.4) which has an
ACD (3.2) on the EV supply equipment (3.25)

[SOU

3.10
case

RCE: IEC 61851-23-1:—1, 3.1.201]

E

connection of an EV (3.19) to a supply network (3.53) utilizing an automatic coupler (3.4) which has an
ACD (3.2) on the EV

[SOU

© ISO
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3.11
charger

:2020(E)

power converter at the on-board section of the vehicle power supply circuit (3.61) which supplies
electric power

EXAMPLE

3.12
conductive

For charging a RESS (3.47).

part

part which can carry electric current

[SOURCE: IS

06469-3:2018, 3.6]

3.13

control pilg
function us
equipment (|

[SOURCE: IH

3.14
cut-off cury
let-through

maximum ipstantaneous value of current attained during the breaking éperation of a switching d

or a fuse

Note 1 to ent
manner that

[SOURCE: IH
Note to entn

3.15
DCEV char
EV charging

[SOURCE: IH
3.16

t function
ed to monitor and control the interaction between the EV (3.19) and_the EV s
B.25)

C 61851-1:2017, 3.3.3]

ent
current

y: This concept is of particular importance when the switching device or the fuse operates in 3
Fhe prospective peak current of the circuit is not reached.

C 60050-441:1984, 441-17-12, modified — “the” deleted from definition, “is” added t
A

ping station
station (3.23) that supplies direct/current to an EV (3.19)

C 61851-1:2017, 3.1.6]

degree of p
protection
standardiz

[SOURCE: IS0 20653:20%13, 3.2]

3.17

direct contact
electric contactof persons or animals with live parts (3.35)

otection
rovided by an ,enclosure against access, foreign objects and/or water and verifig
test methods

ipply

bvice

uch a

b the

d by

[SOURCE: IS
3.18

0 6469-3:2018, 3.10]

double insulation
insulation comprising both basic insulation (3.5) and supplementary insulation (3.52)

[SOURCE: IS
3.19

0 6469-3:2018, 3.11]

electrically propelled vehicle

EV

vehicle with one or more electric drive(s) (3.21) for vehicle propulsion

[SOURCE: IS

4

0 6469-3:2018, 3.15, modified — "EV" added as an equivalent term.]

© IS0 2020 - All rights reserved
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electric chassis
conductive parts (3.12) of a vehicle that are electrically connected and whose potential is taken as
reference

[SOU
3.21

RCE: ISO 6469-3:2018, 3.12]

electric drive
combination of traction motor, power electronics and their associated controls for the conversion of
electric to mechanical power and vice versa

[SOU

3.22
elect

physjological effect resulting from an electric current through a human body otvanimal boc

[SOU
3.23

EV charging station
statipnary part of EV supply equipment (3.25) connected to the supply network (3.53)

[SOURCE: IEC 61851-1:2017, 3.1.5]

3.24

EV plug

specific plug (3.43) intended to be used as part of EX stpply equipment (3.25) or for the conn
(3.19) to EV supply equipment, and defined in the’JEC 62196 series

[SOURCE: IEC 61851-1:2017, 3.5.8]

3.25

EV supply equipment

equipment or a combination of equipment, providing dedicated functions to supply electric

a fix¢

EXAN
andt

EXAN
cable

[soy

3.26
expd

RCE: [SO 6469-3:2018, 3.13]

ric shock

RCE: ISO 6469-3:2018, 3.14]

(PLE1  For mode 3 (3.39) case B (3.7), the EV supply equipment consists of the EV charging
he cable assembly.

IPLE2  For mede’3 case C (3.8), the EV supply equipment consists of the EV charging stj
assembly.

RCE: IEG61851-1:2017, 3.1.1]

y

ection of EV

energy from

bd electrical installation or<Stipply network (3.53) to an EV (3.19) for the purpose of charging

station (3.23)

tion with its

sed conductive part

cond

become live when basic insulation (3.5) fails

[SOU
3.27

RCE: ISO 6469-3:2018, 3.18, modified — Note 1 to entry deleted.]

external electric circuit
electric circuit which connects to the vehicle power supply circuit (3.61) using the plug (3.43) [case A
(3.6)], the vehicle inlet (3.60) [case B (3.7) and case C (3.8)], the ACD counterpart (3.3) [case D (3.9)] or
the ACD (3.2) [case E (3.10)]

EXAMPLE EV charging station (3.23), external electric load.

© ISO

2020 - All rights reserved
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3.28

:2020(E)

external electric power supply
electric power source that is not part of the vehicle for supplying electric energy to an EV (3.19) using
an EV supply equipment (3.25)

3.29
hazard

potential source of harm

[SOURCE: IE
3.30

€ 60050-903:2013, 903-01-02, modified — Notes to entry 1, 2, and 3 deleted.]

hazardous
live part (3.3

[SOURCE: IS

3.31
interlock fy
function th
becoming li
prevents thd
the power c

[SOURCE: IH

definition clhanged from “device or combination of devices” to “function”.]

3.32
isolation rd
insulation ¥
resistance b
electric circ

[SOURCE: I§

3.33
isolation rd
system thaf]
(3.35) and t

[SOURCE: IS

3.34
live condud
conductor W
distribution

live part
5) which, under certain conditions, can give a harmful electric shock (3.22)

0 6469-3:2018, 3.22, modified — Note 1 to entry removed.]

Inction

ht prevents the power contacts of a socket-outlet (3.51)/vehicle cennector (3.58)
Ve before it is in proper engagement with a plug (3.43)/vehicle inlet(3.60), and which ¢
e plug/vehicle connector from being withdrawn while its powercontacts are live or nj
bntacts dead before separation

C 61851-1:2017, 3.5.16, modified — term changed from_ “interlock” to “interlock func

sistance

resistance

etween live parts (3.35) of an electric circtit and the electric chassis (3.20) as well as
Lits which are insulated from this electric circuit

0 6469-3:2018, 3.23]

sistance monitoring system
periodically or continuously monitors the isolation resistance (3.32) between live
he electric chassis (3.20)

0 6469-3:2018, 8:24]

tor
Fhich is-erfergized in normal operation and capable of contributing to the transmissi
of glectric energy

ad-D

from
ither
akes

rion”,

bhther

barts

pn or

Note 1 to en

3 13 1 forc tnoliada 1:.0 1a-d % Lol Ao NC L 1 o C 1 o
Iy oy CCOTTOaCToT S o O e COTTa O CTOT S (It TadTTg o G- conaattors—ant oG coTrauttoT

neutral conductors.

3.35
live part

) and

conductor or conductive part (3.12) intended to be energized in normal use, but by convention not the
electric chassis (3.20)

[SOURCE: IS

0 6469-3:2018, 3.25]

© IS0 2020 - All rights reserved
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3.36

maximum working voltage

highest value of AC voltage (rms) or of DC voltage that can occur under normal operating conditions
according to the manufacturer's specifications, disregarding transients and ripple

[SOURCE: ISO 6469-3:2018, 3.26, modified — The word “any” was deleted from “normal operating
conditions”.]

3.37

mode 1

method for the connection of an EV (3.19) to a standard socket-outlet (3.51) of an AC supply network,

utiliztreaeable-andpin {3.43\, bothof-whteharenotfittedwith-anysupplenrentat Hotjor auxiliar
g prag T y) Y- Supp Y P

contacts

[SOURCE: IEC 61851-1:2017, 6.2.1]

3.38
mode 2
method for the connection of an EV (3.19) to a standard socket-outlet (3:51) of an AC supply network
utilizing an AC EV supply equipment with a cable and plug (3.43), with &eontrol pilot functidn (3.13) and
systgm for personal protection against electric shock (3.22) placed between the standard plug and the EV

[SOURCE: IEC 61851-1:2017, 6.2.2]

3.39
modg 3
metHod for the connection of an EV (3.19) to an AC EV supply equipment permanently conhected to an
AC syipply network, with a control pilot function (3.18) that extends from the AC EV supply equipment
to the EV

Note [l to entry: Mode 3 includes the use of cable, assembly not permanently connected to the AC supply network
[caselA (3.6) and case B (3.7)].

[SOURCE: IEC 61851-1:2017, 6.2.3, modified — Note 1 to entry added.]

3.40
modeg 4
metHod for the connection of ait EV (3.19) to an AC or DC supply network (3.53) utilizing a JC EV supply
equipment, with a controlpilot function (3.13) that extends from the DC EV supply equipmepnt to the EV

[SOURCE: IEC 61851-1:2017, 6.2.4]

3.41
overcurrent protection
prot¢ction intéhded to operate when the current is in excess of a predetermined value

Note [1 to entry: a charge control function is not considered an overcurrent protection

[SOURCE: ISO 6469-3:2018, 3.28]

3.42
overload protection
protection intended to operate in the event of overload on the protected section

[SOURCE: ISO 6469-3:2018, 3.27]

3.43

plug

accessory having contacts designed to engage with the contacts of a socket-outlet (3.51), also
incorporating means for the electrical connection and mechanical retention of flexible cables or cords

[SOURCE: IEC 61851-1:2017, 3.5.9]

© IS0 2020 - All rights reserved 7
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3.44
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protective conductor

conductor p

EXAMPLE

rovided for purposes of safety, for example protection against electric shock (3.22)

Examples of a protective conductor include a protective bonding conductor, protective earthing
conductor and an earthing conductor when used for protection against electric shock.

[SOURCE: IEC 61851-1:2017, 3.7.2]

3.45

(electrically) protective separation
separation of one electric circuit from another by means of:

double i

reinforc

nsulation (3.18); or

basic ingulation (3.5) and electrically protective screening (shielding); or

bd insulation (3.48)

[SOURCE: IHC 61140:2016, 3.24]

3.46

rated currdnt

current assi

[SOURCE: IH

3.47

oned by the manufacturer for a specified operating conditioti

—

rechargeable energy storage system

RESS
rechargeabl

EXAMPLE

ke system that stores energy for delivery ef electric energy for the electric drive (3.21)

Battery, capacitor, flywheel.

[SOURCE: IS0 6469-1:2019, 3.22]

3.48

reinforced
insulation o
shock (3.22)

Note 1 to ent

insulation

equivalent to doublejinsulation (3.18)

(3.5) or supplementary instlation (3.52).

[SOURCE: I

"degree of protection".]

3.49
residual cu
RCD

f hazardous live parts~(3.30) which provides a degree of protection (3.16) against el

'y: Reinforced ifistilation may comprise several layers that cannot be tested singly as basic insu

0 6469-372018, 3.32, modified — The word "protection” was removed and replacg

rrent device

€ 60050:1998, 442-01-02, modified — The phrase “of an accessory” was removed from end
of definition.

ctric

ation

d by

mechanical switching device designed to make, carry and break currents under normal service
conditions and to cause the opening of the contacts when the residual current attains a given value
under specified conditions

Note 1 to entry: A residual current device can be a combination of various separate elements designed to detect

and evaluate

the residual current and to make and break current.

[SOURCE: IEC 60050-442:1998, 442-05-02, modified — The phrase "or association of devices" was
removed, note 1 to entry was added.]
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reverse power transfer
supply of electric power from an EV (3.19) using the EV plug (3.24) [case A (3.6)], the vehicle inlet (3.60)
[case B (3.7) and case C (3.8)], the ACD counterpart (3.3) [case D (3.9)] or the ACD (3.2) [case E (3.10)] to
an external electric circuit (3.27)

Note 1 to entry: Unintended current flow from an EV to an external electric circuit is not considered a reverse

powe

r transfer.

Note 2 to entry: Supply of power by using an on-board equipment that is equipped with a socket-outlet (3.51) is
not reverse power transfer.

3.51
sock
acces

et-outlet
sory having socket-contacts designed to engage with the contacts of a plug(3:43)

termiinals for the connection of cables or cords

[soy

3.52
supg
indej
[SOU

3.53
supp
any g

EXAN
genel

[SOU;
the d

3.54
ther
temp]

RCE: [EC 61851-1:2017, 3.5.10]

lementary insulation
pbendent insulation applied in addition to basic insulation (3.5), forfault protection

RCE: ISO 6469-3:2018, 3.33]

ly network
ource of electric energy

PLE Mains or electric grid, distributed ~énergy resources (DER), battery bank, PV
ator, etc.

RCE: IEC 61851-1:2017, 3.7.1, modified *— The information in the example was previc
efinition.]

mal cut-out

erature sensing control-device intended to switch-off automatically under abnorm

condiitions and which has no‘provision for adjustment by the user

[SOU
the d

3.55
ther

RCE: IEC 60050-442:1998, 442-01-43, modified — The article "a" was removed at the |
efinition.]

mmal sensing

means for;providing temperature data of accessories, cable assemblies or parts thereof

[soy

and having

installation

usly part of

h] operating

beginning of

REE: [EC 61851-23:—2), 3.3.109]

3.56

thermal transport
method for managing the heat dissipation of accessories, cable assemblies or parts thereof, independent
of changing the current

[SOU

RCE: I[EC/TS 62196-3-1:—3), 3.103]

2)

Under preparation. Stage at the time of publication: IEC/TCDV 61851-23:2020.

3) Under preparation. Stage at the time of publication: IEC/RPUB/TS 62196-3-1:2020.

© ISO
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3.57

touch current

electric current passing through a human body or through livestock when it touches one or more
accessible parts of an installation or of equipment

[SOURCE: IEC 61140:2016, 3.9]

3.58
vehicle connector
part of a vehicle coupler (3.59) integral with or intended to be attached to the cable assembly

[SOURCE: IEC 62196-1:2014 3 3 1]

3.59
vehicle coupler
means of copnecting or disconnecting a flexible cable to an electric vehicle

Note 1 to ently: It consists of a vehicle connector (3.58) and a vehicle inlet (3.60).
[SOURCE: IHC 62196-1:2014, 3.3]

3.60
vehicle inlgt
part of a veHicle coupler (3.59) incorporated in, or fixed to, an electric vehicle

[SOURCE: IHC 62196-1:2014, 3.3.2]

3.61
vehicle power supply circuit
voltage clasp B electric circuit which includes all parts that are conductively connected to the vdhicle
inlet [case B (3.7), case C (3.8)] or the plug (3.43) [ease A (3.6)] or part of an autoconnect charging
device that s mounted on the electrically propelled.ehicle (3.19) [case D (3.9), case E (3.10)] and that is
operational when connected to an external electric.circuit (3.27)

Note 1 to entry: The vehicle power supply circuitincludes the on-board section of the vehicle power supply cfrcuit
and the off-bpard section being part of the external electric circuit.

3.62
voltage class
classificatiop of an electric component or circuit according to its maximum working voltage (3.36)

Note 1 to entfy: The classification to the voltage classes A and B is according to ISO 6469-3:2018.

[SOURCE: IS0 6469-3:2018, 3.36, modified — Note 1 to entry was added.]

4 Envirqnmental and operational conditions

The requirements givemn I this dOCUIENt Sitatl be Met across the Tange of environmerntat conditions
for which the electric vehicle is designed to operate when connected to an external electric circuit (e.g.
external electric power supply), as specified by the vehicle manufacturer.

NOTE See the ISO 16750 series, ISO PAS 19295 and the ISO 19453 series for guidance.

The requirements specified in this document shall be fulfilled under all relevant energy levels (e.g. SOC
of RESS) of the electric power sources of the EV.
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5 Specific requirements for the vehicle inlet, plug, and cable

5.1 Requirements for the plug and cable (case A)
The plug shall comply with:

— IEC62196-1 or

— IEC 62196-2.

NOTE For requirements when a vehicle is equipped with a standard plug, a function box and a cable that are

ad oo ol loial Lo 2909
perrraucuu_y attacneatotne vcuu,u:, seeHEC62752

See IEC 62440 for general guidance on the safe usage of cables.

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

5.2 | Requirements for the vehicle inlet
The yehicle inlet (case B and case C) shall conform to:

— [EC62196-1, or

— for an AC connection, a vehicle inlet according to [EC 62196-2, or
— for a DC connection, a vehicle inlet according to IEG62196-3, or

— for a DC connection with a thermal management system, a vehicle inlet agcording to
IEC/TS 62196-3-1:—3).

6 Requirements for protection gf persons against electric shock

6.1 | General

The fequirements given in [SO.6469-3 apply to the on-board section of the vehicle power suipply circuit
when not connected to an external electric circuit.

6.2 | Basic protectien when connected to an external electric circuit

In cafse A, the degree of protection against contact with voltage class B live parts shall be at{least [IPXXD
according to ISO{20653 when the plug is mated to the corresponding socket-outlet. This requirement is
deenped to bemet if the vehicle is equipped with an EV plug according to the IEC 62196 series.

In cages.B and C the degree of protectlon agamst contact w1th Voltage class B llve parts sh 1l be at least
o h histequirement
is deemed to be met if the Vehlcle is equlpped w1th a Vehlcle mlet accordlng to the IEC 62196 series.

For case D and E the vehicle manufacturer shall perform a safety analysis under consideration of
[EC 61140. Additional requirements for case D and E are under consideration.

EXAMPLE In case D and case E, the degree of protection against contact with voltage class B live parts is at
least IPXXD according to ISO 20653 when the ACD and the ACD counterpart are mated.

Conformance is checked by inspection.

NOTE The requirements for unmated contacts are specified in 6.5.
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6.3 Protective conductor

The plug (case A), the vehicle inlet (case B and case C), the ACD counterpart (case D) or the ACD (case E)
shall have a contact for connecting the vehicle's electric chassis to the protective conductor of an
external electric circuit.

The protective conductor terminal of the plug (case A), the vehicle inlet (case B and case C), the ACD
counterpart (case D) or the ACD (case E) shall be connected:

1) to the vehicle electric chassis with a protective conductor, see Figure 1, or

2) to the exposed conductive parts of the components of the vehicle power supply circuit with a
protective conductor, see Figure 2.

! 2
[ — - 3
D[ f =
= | T
. |
| 7 6 4
] |
e |_ _________________ _, 4 5
Key
1 on-board section of vehicle power supply circuit 5 electriechassis
2 charger ith galvanic separation 6  pretective conductor
3 RESS 7 \\protective conductor
4  equipotdntial bonding according to ISO 6469-3 8) vehicle inlet

Figure 1 — Connection between protective conductor and electric chassis
(example for option 1)

4
5
Key
1 on-board section of vehicle power supply circuit 5 electric chassis
2 charger with galvanic separation 6  protective conductor
3 RESS 7  protective conductor
4  equipotential bonding according to ISO 6469-3 8  vehicle inlet

Figure 2 — Connection between protective conductor and electric chassis
(example for option 2)

All exposed conductive parts of the components of the vehicle power supply circuit shall be connected
to the vehicle's electric chassis with a protective conductor.
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The cross-sectional area of the protective conductor shall be designed in accordance with
IEC 60364-5-54.

The protective conductor of the vehicle power supply circuit shall be dimensioned according to the
relevant quantities (e.g. fault current and disconnecting time) taking into account both energy sources,
vehicle and external electric circuit.

The resistance of the protective conductor connection between the protective conductor contact of the
plug (case A), the vehicle inlet (case B, case C), the ACD counterpart (case D) or the ACD (case E) and
the vehicle electrical chassis, as well as all exposed conductive parts of the vehicle power supply circuit
shall be less than 0,1 Q). This applies to all conductive paths which are intended for protective conductor
conneetion:

The tesistance of the protective conductor shall be tested in accordance with 13.2.
6.4 | Isolation resistance

6.4.1 AC connection

The 1solation resistance divided by the maximum working voltage of the vehicle power supply circuit
shall{be at least 500 /V when the vehicle is not connected to an external electric circuit (p.g. external
electiric power supply).

Confprmance shall be tested in accordance with 13.3.

6.4.2 DC connection

The isolation resistance of the on-board section ofthe vehicle power supply circuit shall copform to the
requjrements in ISO 6469-3 when the vehicle caupler and the automatic coupler is not mated.

The total insulation resistance of the complete vehicle power supply circuit may be belpw 100 Q/V
when the vehicle is connected to a DC charging station. Electrical safety when mated is prjovided with
the requirements of 9.1 also with theadded parallel resistance from the external electric circuit.

For functional reasons, a vehigle\that is equipped with a vehicle inlet according to IEC 62196-3
configuration EE or configurdtion FF should have the on-board section of the vehicle ppwer supply
circyit with an isolation resistance of at least 1 M{).

NOTH If the insulationpesistance is below 1 M(Q) the DC charging station might stop the charging process.

Confprmance shallhe tested in accordance with 13.3.
6.5 | Requirements for unmated vehicle contacts

6.5.1 <. General

This subclause specifies the safety requirements for the contacts of the EV plug (case A), the vehicle
inlet (case B and case C), the ACD counterpart (case D) or the ACD (case E) when they are not mated.

The requirements given in this clause shall be achieved by implementing basic and fault protection
according to ISO 6469-3.

The requirements in 6.5.3 shall be fulfilled:

— within 10 s after un-mating if the contacts cannot be touched by a test probe 18 according to
IEC 61032, or

— within 5 s after un-mating if the contacts are protected according to IPXXB according to ISO 20653, or
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— within 1 s after un-mating if the contacts are not protected according to IPXXB according to
ISO 20653.

If there is a latching or locking device the vehicle shall allow only un-latching or un-locking after the
relevant thresholds as specified in 6.5.2 and in 6.5.3 are maintained.

If there is no latching and no locking device then 6.5.2 shall be fulfilled:

— within 10 s after un-mating if the contacts cannot be touched by a test probe 18 according to
IEC 61032, or

— within 5 s after un-mating if the contacts are protected according to IPXXB according to ISO 20653, or

— within [l s after un-mating if the contacts are not protected according to IPXXB according to
ISO 206(53.

NOTE1 Iffcontacts are protected according to IPXXD, IPXXB is also fulfilled.
NOTE 2  The latching or locking device might be part of the electric vehicle or part of‘\the external electric

equipment.

6.5.2 Normal operation

At least one|of the following requirements applies for each contact ofithe EV plug (case A), the vehicle
inlet (case Band case C), the ACD counterpart (case D) or the ACD (case E) when it is not mated:

— the contact shall be protected by the degree of protection IPXXD according to ISO 20653;

— the voltage between the contact and any other contact not protected by IPXXD according to
[SO 2063 as well as the voltage between the contact:and the electric chassis shall be below 60|V DC
and 30 V AC;

— the steddy state touch current between the.contact and any other contact not protected by IRXXD
accordipg to ISO 20653 as well as the steady(state touch current between the contact and the eldctric
chassis hall be below 0,5 mA AC and 2 mA DC and the stored energy between the contact angdl any
other cqntact not protected by IPXXD according to ISO 20653 as well as the stored energy between
the contact and the electric chassjs.shall not cause a startle reaction. The limit shall be specifi¢d by
the OEM under the consideration pf the IEC 60479 series.

NOTE 1| The thresholds forsteady state touch current are derived from [EC 61140 and IEC 60479-1.

NOTE 2| The energy stored in electrical power sources (e.g. RESS) that is only available throygh a
sufficiently high proteCtive impedance which limits the touch current is not relevant.

NOTE 3| A threshold of perception and a threshold of pain are defined in IEC 60479-2.

NOTE 4| According to IEC 60479-2 the threshold of pain is the specific charge or specific energy. The
specific eresgy given in IEC 60479-2 might not correlate with the fault case for the inlet.

The steady state touch current requirement is deemed to be fulfilled if it can be proven by design review,
that there is no conductive path from electrical power sources (e.g. RESS) to accessible conductive parts.

6.5.3 Operation under single fault conditions

In case of a single fault condition at least one of the following requirements applies for each contact
of the EV plug (case A), the vehicle inlet (case B and case C), the ACD counterpart (case D) or the ACD
(case E) when it is not mated:

— the contact shall be protected by the degree of protection IPXXD according to ISO 20653;
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the voltage between the contact and any other contact not protected by IPXXD according to

ISO 20653 as well as the voltage between the contact and the electric chassis shall be below 60 V DC
and 30 V AC;

NOTE 1

i

De-energization will result in the same voltage level as for normal operation. A differ
s not relevant for single fault conditions.

ent threshold

the steady state touch current between the contact and any other contact not protected by IPXXD

according to ISO 20653 as well as the steady state touch current between the contact and the electric
chassis shall be below 3,5 mA AC and 10 mA DC and the stored energy between the contact and any
other contact not protected by IPXXD according to ISO 20653 as well as the stored energy between

s. The limit

q

]

]

q

The s
that

The ¥
or to

6.6

6.6.1

The Y
circu

The
supp

The i
work

TIreroctro oo tro

hall be specified by the OEM under the consideration of the IEC 60479 series.
NOTE 2 The thresholds for steady state touch current are derived from IEC 61140 and JIEC 6

NOTE 3  The energy stored in electrical power sources (e.g. RESS) that istonly availabj
ufficiently high protective impedance which limits the touch current is not relévant.

teady state touch current requirement is deemed to be fulfilled if it can'be proven by de
there is no conductive path from electrical power sources (e.g. RESS}to accessible cond

rehicle should detect and issue a warning, if an applied threshold for normal operatior
Lich current and energy, is exceeded.

Insulation coordination

AC connection

rehicle shall provide at least basic insulation-between the live parts of the AC vehicle p
it and electric chassis.

ehicle shall provide at least protective separation between the live parts of the AC v
[y circuit and voltage class A circuits.

nsulation of the vehicle power supply circuit shall be designed according to the circuit
ing voltage and overvoltage/category Il according to IEC 60664-1. If the vehicle power s{

0479-1.

le through a
sign review,
ictive parts.

, i.e. voltage

pwer supply

hicle power

S maximum
pply circuit

includes measures that limit-transient overvoltage to an appropriately low level, parts of the vehicle
poweér supply circuit may-be designed according to its maximum working voltage and [overvoltage
category I according toJEC 60664-1.

Confprmance shall-bé tested in accordance with 13.4. Neither dielectric breakdown nor flashover shall
occuf during the’test.

6.6.2 DCconnection

The 6abeard-section-ofthevehiclepowersupplycirenitshallbe-designed-accordingteardted impulse
voltage of atleast 2 500 V between DC+ and protective conductor as well as between DC- and protective
conductor.

NOTE1  Accordingto IEC 61851-23 the DC charging station limits the overvoltage at its output to this value.

Conformance shall be tested in accordance with 13.4. Neither dielectric breakdown nor flashover shall

occur

during the test.

For normal operation the on-board section of the vehicle power supply circuit shall be designed for
a maximum voltage between DC+ and protective conductor as well as between DC- and protective

cond

© ISO

uctor of at least the maximum DC working voltage.
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Additional voltages of the IMD of the external electric circuit (e.g. see IEC 61851-23) shall be considered.

NOTE 2

For system C according to IEC 61851-23 an additional voltage of 50 V applies.

6.7 Touch current

When the vehicle is connected to an external electric circuit (i.e. in mated position), in case of a fault the
RMS value of the AC touch current of the vehicle shall not exceed 3,5 mA and the DC touch current shall
not exceed 10 mA.

NOTE

For touch current requirement in unmated position, see 6.5.

Conformand

In normal c

6.8 Comyp

NOTE P
mode 3 is spd

7 Protec

7.1 Requ

The cross-s¢
current of t
ACD (case E
circuit unde

For DC pow
temperaturg
overheating]
limit. The m|

The vehicld
IEC/TS 6214
the vehicle
violated.

7.2 Over{

7.2.1 General

irements for normal operation

e shall be tested in accordance with 13.6.

ndition the touch current should not exceed 0,5 mA AC or 2 mA DC.

patibility with residual current devices (RCD)

otective coordination for mode 2 is specified in IEC 61851-1 and IEC 62752. The coordinati¢n for

cified in IEC 61851-1 and IEC 62955.

tion against thermal incident

pctional area of the live conductors of the vehiclepower supply circuit, as well as the fated
he plug (case A), the vehicle inlet (case B and gase C), the ACD counterpart (case D) c‘]lr the
, shall be according to the highest value of caprent that can flow in the vehicle power supply

r normal operating conditions.

rer transfer, the cross-sectional arga-of the live conductors may be reduced as long as
e limits according to 9.7 are not-exceeded. In this case, protection against thdrmal
shall be provided to protect the vehicle power supply circuit from exceeding its temperature
aximum ambient temperaturie, of the vehicle shall be considered.

may allow a current exceeding the rated current of the vehicle inlet accordiy
D6-3-1 based on an agreement between the vehicle manufacturer and the manufactuy
nlet as long as thé-temperature requirement for the DC contacts according to 9.7 i

g to
er of
5 not

rurrent protection

The vehicle

an overload;

a short circuit.

Different measures to provide overcurrent protection may be used for different sections of a circuit.

NOTE 1

Overcurrent protection is not a measure for detection and cutting off of serial or parallel arcing.

Arcing can cause harm. Appropriate measures to address arcing are, for example service plan, pollution degree,
insulation, clearance, creepage distance and other measures.

NOTE 2

The rated current of an external electric circuit might be higher than the rated current of the on-

board section of the vehicle power supply circuit.
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7.2.2 Overload protection

The vehicle shall provide an overload protection to prevent the current exceeding the rated current of
the vehicle power supply circuit or exceeding the temperature limits of the vehicle power supply circuit.

NOTE

funct

ion.

7.2.3 Short-circuit protection for AC connection

Overload protection measures include but are not limited to overload detection and contactor opening

For short-circuit current supplied by an external electric circuit (e.g. external electric power supply),

the 1

a)

q

1
b)

3 Lo L) A alalll o 10211 3
l.iull CIIITTILOS 111 (1), LJJ’ Ul LJ S11dIT DT TUITITICTU,.

ircuit current withstand rating (I1%t) according to the characteristics of the over¢urrer
f the external electric circuit. For the connection to an external electric power’supply
urrent up to 80 A, the vehicle power supply circuit shall have a short-gireuit currer
ating (I2t) of at least 80 000 AZs. I2t value shall be calculated according'to'I1EC 60364-4

NOTE The breaking time for short-circuit protection can be up to 5.s{fsee IEC 60364-4-41).

Dvercurrent protection (e.g. fuse, circuit breaker) shall be provided in each live cond

)

q

q

The
sour

7.2.4

7.2.4

For g
be ful

a)

rehicle power supply circuit. The live conductors protected<by this overcurrent prof
ave sufficient cross-sectional area to carry the overcurréntaccording to the character
vercurrent protection. The cross-sectional area of the, live conductor between the
nd the overcurrent protection shall fulfil 7.2.3 a).

he charger shall provide an overcurrent protection (e.g. fuse, circuit breaker)
onductor of the vehicle power supply circuitiThe live conductors between the vehi
he overcurrent protection shall have sufficient cross-sectional area to carry the

The cross-sectional area of the live conductors of the vehicle power supply circuit shall have a short-

t protection
with a rated
t withstand
-43.

uctor of the
ection shall
istics of this
vehicle inlet

n each live
'le inlet and
overcurrent

ccording to the characteristics of this overcurrent protection. The on-board section of the vehicle

ower supply circuit between the vehicle inlet and the overcurrent protection shall i
igainst mechanical damage so that(single failure does not cause an insulation fault 4
onductors or between live conductors and electrical chassis;

vehicle shall provide shortsgircuit protection for short-circuit current that is supplig
Ces of the vehicle.

Short-circuit ptetéction for DC connection

.1 Short-circuit energy supplied by external electric circuit

hort-ciréuit current supplied by external electric power supply, the requirements in z
Ifilled for short-circuit protection.

[heyvehicle power supply circuit shall have a short-circuit current withstand rating (I3

e protected
etween live

d by power

1) or b) shall

t) of at least

the rollowing values:

— 1000 000 AZs, if a vehicle is equipped with a vehicle inlet of configuration AA, configuration EE

or configuration FF according to IEC 62196-3, or

IEC 62196-3, or

500 000 AZs, if a vehicle is equipped with a vehicle inlet of configuration BB according to

a value in AZs to be coordinated for any other vehicle coupler, ACD, or ACD counterpart.

The minimum cross-sectional area of the live conductors shall be calculated according to

|

© ISO

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

NOTE This short-circuit current withstand rating (I%t) corresponds to the characteristics of the

overcurrent protection of the external electric power supply. The given I2t values are coordinated with
IEC 61851-23.

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, or

the ACD counterpart, or

the|ACD

and thig overcurrent protection shall conform to the requirement of 7.2.4.1 a). The breaking|time
for interruption of a short-circuit current shall be gathered from the technical datd of the sel¢cted
overcurrent protection.

7.2.4.2 Short-circuit energy supplied by the EV

WARNING
compared to ISO 17409:2015 can cause safety issues in combination with legacy vehicles

— Attention is drawn to the fact that the changes made fo the content of 7.2.4.2
that

still exist in the field. In addition to that, for vehicles already)in’ development and based on

ISO 17409:2015, 6.1.3 a transitional period for the requirement is given which ends 2022-12-31.

The vehicle

shall provide overcurrent protection for the vehicle power supply circuit and the ext

brnal

electric circphit. The overcurrent protection shall have the following characteristics:

The cross-s

the cut-pff current supplied by vehicle sources doesthot exceed 30 kA at the contacts of the vdhicle
inlet, and

the vehjcle shall switch off the supply to the-external electric circuit within 1 s after start df the
short-circuit condition, and

a maxinhum I%t value at the contactsf a vehicle inlet

of 4 500 000 AZs, if the vehjele is equipped with an inlet of configuration AA accordipg to
IEC[62196-3, or

of 5000 000 AZs, if the.vehicle is equipped with an inlet of configuration EE or configurati¢gn FF
accprding to IEC 62196-3, or

NOTE1 The V%t requirement for System C according to IEC 61851-23 was 12 000 000 A%s
ISO[17409:2015.

in

to he coordinated for any other vehicle coupler or automatic coupler.

ctionalarea of the line conductors between the vehicle intetand the overcurrent protection

shall be designed according to the characteristics of the overcurrent protection.

The cross-sectional area of the line conductors shall be calculated from IEC 60364-4-43:2008,
Equation (3).

NOTE 2

These characteristics are coordinated with the short-circuit current withstand rating of the line

conductors of a DC EV charging station according to IEC 61851-23.

Conformance is checked by inspection.

7.3 Arc protection for DC connections

Arc protection is covered by the requirement of locking in 9.5

18

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=8cf3381e0c62e0a14f70f11296047266

ISO 17409:2020(E)

7.4 Residual energy after disconnection

For the protection against thermal incident one second after having disconnected the vehicle from the
external electric circuit (e.g. external electric power supply), the stored energy at the voltage class B
live parts at the plug (case A), vehicle inlet (case B and case C), the ACD counterpart (case D) or the ACD
(case E), shall be less than 20 J.

NOTE1 Thisrequirement does not include a voltage limit.

NOTE 2  Circuits whose voltages are safe to touch can become hazardous with respect to energy related
hazards. For protection against electric shock see 6.5.

7.5 | Transient overvoltage

The ¢n-board section of the vehicle power supply circuit shall be designed according to a rgted impulse
voltage between DC+ contact and DC- contact according to IEC 61851-23:—2), 12:%101.

8 Additional requirements for AC power transfer

8.1 | Voltage and frequency ranges for normal operation

The pehicle power supply circuit shall operate as intended within the voltage range of the nominal
voltage with a tolerance of +10 % and -15 %. The vehicle powér supply circuit shall operatelas intended
withjn the frequency range of 50 Hz + 1 % or 60 Hz + 1 %.

NOTE 1  This voltage range is derived from an applicatiom of values indicated in IEC 60038 (malx -10 %) and
IEC 40364-5-52 (low voltage installations supplied directly from a public low voltage distribytion system:
max 15 %).
NOTE 2  Inlow voltage installation supplied from private low voltage supply, the voltage can be dgwn to -19 %.
The voltage range is derived from an application’of values indicated in [EC 60038 (Max -10 %), IE§ 60364-5-52

(low poltage installation supplied from private low voltage supply: max -8 %) and voltage drop by|IC-CPD cable
(aboyt -1 %).

8.2 | Current characteristics

8.2.1 Load current
The Vehicle load current shall not exceed:

— the maximum allowed current value indicated by the typical control pilot function daccording to
IEC 61851-1:2017, A.2.2;

— 10 A from a single phase, if the vehicle is using the simplified control pilot function gccording to
JEG-61851-1:2017, A.2.3;

— the maximum allowed current value provided by digital communication according to the
ISO 15118 series;

— the maximum current of the cable assembly, as indicated by the coding resistor of the vehicle
connector, if the vehicle inlet provides a proximity contact for simultaneous proximity detection
and current coding as specified in [EC 61851-1:2017, B.2.

NOTE1 Insome countries, the maximum currentis limited for mode 2 according to used plug. See IEC 61851-1,
IEC 60364-7-722.

NOTE 2 The EV supply equipment can cut off the power in case the EV load current exceeds the maximum
allowed current indicated by PWM signal according to IEC 61851-1:2017, Annex A.

NOTE 3 Insome countries, the use of simplified pilot function is not allowed: US.
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New EV designs should not use the simplified control pilot function according to [EC 61851-1:2017, A.2.3.

8.2.2 Inrush current

The vehicle shall limit the inrush current into the vehicle power supply circuit as follows:

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

NOTE 1
supply equip

NOTE2 23

Event 2
shall no
Current]
are not

NOTE 3
The value of

NOTE 4
is caused by
caused by thg

Event 2 doe

Conformand

8.3 Activ

This subclay
vehicle.

The active f
adjust the a
equipment.

The active f:

Tl . rreof] st . H Fritht]  chimre-devicesT

ment to avoid welding.
0 A for 100 ps is the limit adopted by IEC 61851-1:2017, 12.2.6 and IEC 62752:2016, 9.8.2.1.

during the precharging of the capacitor in the charger, the current in each-live cond
t exceed 30 A (rms). The absolute value of the current peak shall not gxceed 42,4 A |
peakexceeding 42,4 Amay occur aslongasrequirements of IEC 61000=3-3 or IEC 61000
violated. The event 2 shall not exceed 1 s.

The event 2 inrush currentis limited in order to avoid tripping of the mifiature circuit breakers (I

BOA (rms) corresponds to a 10 A MCB with tripping characteristic'B as defined in IEC 60898-1.

The inrush current is caused by the following two phenomenat During event 1, the inrush cu

the EMC filters upstream of the charger power-electronics:» During event 2, the inrush curr
capacitance of the DC circuit (DC voltage link) of the charger power electronics.

5 not necessarily follow event 1 immediately.

e shall be tested in accordance with 13.5.

b factor

Ise applies for power transfer from the external electric circuit to the electrically prop

actor of the vehicle at dts-rated power shall be at least 0,95 unless the vehicle alloy

See [EC 61851-21-1Ferrequirements for emissions of harmonics on AC power lines.

hctor shall be dtléast 0,9 unless the power consumption is less than 5 % of the rated p

or 300 W whichever is higher.

If the vehic
provided by

— implem
— adjuste
iy
2)
3)

NOTE 1
required to h

20

le allows™to adjust the active factor of its charger according to additional inform
the EV~charging station, the vehicle should:

he EV

ictor
beak.
+3-11

MCB).

rrent
bnt is

elled

vs to

ctive factor of its charger according to additional information provided by the EV supply

pwer

htion

entapplicable communication from the ISO 15118 series, and

ither

its reactive power as a function of supply voltage, Q(U), or

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

ave an adjustable active factor.

its active factor as a fixed value within the range between 0,90 inductive and 0,90 capacitive, or

In Germany, according to VDE AR-N 4100, vehicles with rated power of their charger above 12 kVA are
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The conformance may be checked at the vehicle level or the relevant component level with the resistive
load connected at the operating power range of the device under test.

NOTE 2 In case of component level test, only the operating power points that are defined at vehicle level can
be considered.

8.4 Interlock function for the vehicle coupler

When equipped with a vehicle inlet that is not suitable for making and breaking an electrical circuit
under load, the vehicle shall provide an appropriate interlock function.

U U ULDR U U C VC

power transfer operation and reduce the current through the vehicle coupler to less.tl
1 A within 100 ms after actuation of the switch in the proximity detection circujt{

— When locking is used for such an interlock function, the vehicle shall inhibitrelease of the vehicle
¢onnector while the vehicle current exceeds 1 A.

NOTH The proximity detection circuit is specified in IEC 61851-1.

8.5 | Phase order in three-phase operation

This|subclause applies if the vehicle supports three-phase powér'transfer.
The yehicle shall be fully operational:

— hen connected to an external electric circuit withi«lockwise phase sequence (L1-L2-1}3) and
— hen connected to an external electric circuitwith anti-clockwise phase sequence (L1}L3-L2).

If the vehicle supports reverse power transfer in three-phase operation, the vehicle shall be fully
operptional when connected to an external‘electric circuit with clockwise phase sequence (L1-L2-L3).

Confprmance is checked by inspection:

9 Additional requirements for DC power transfer

9.1 | General

“Alternative protection’measures” according to ISO 6469-3:2018, 6.3.5 shall be applied to the on-board
sectipn of vehiclejpower supply circuit.

ISO §469-3:2018, 6.5 shall not be applied for the vehicle power supply circuit.

NOTH The vehicle safety concept impacts the interoperability with the DC charging station.

9.2 Disconnection device

The vehicle shall provide a disconnection device for each voltage class B contact (excluding protective
conductor) at the vehicle coupler or at the automatic coupler. Only measurement circuits (e.g. welding
detection) may remain connected to the voltage class B contacts at the vehicle coupler or the automatic
coupler when the disconnection device is operational. The disconnection device shall withstand an
inrush current according to system specific requirements of IEC 61851-23.

The disconnection device shall have a breaking capability to disconnect at a load current according to
the maximum rated current of the vehicle coupler.

The disconnection device shall be controlled in accordance with the system specific sequence diagrams
of IEC 61851-23.
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The vehicle shall disconnect from the external electric circuit based on control pilot as specified in

IEC 61851-1

and IEC 61851-23.

For system C according to IEC 61851-23, the voltage difference between both sides of the disconnection

device shall

be lower than 20 V DC before the vehicle closes its disconnection device.

9.3 Control pilot functions

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

9.4 Vehi

le isolation resistance monitoring system

If the vehicl
vehicle pow
electric cirg
isolation res

NOTE SV
interference.

9.5 Locki

For a vehicld

before
the posi

if the lo
state B,
stop of {

the veh
or30V

in case
vehicle

if other
stated i

the veh
the con
vehicle

the vehicle shall lock the connector to the vehicle inlet at the beginning of the power transfer pra

e is equipped with a vehicle isolation resistance monitoring system which moditor
er supply circuit, the operation of the insulation monitoring device (IMD) of the‘ext
uit shall not be affected (e.g. DC EV charging station). The vehicle may.deactivat
istance monitoring system to avoid such interference.

vitching off the vehicle isolation resistance monitoring system is a permitted means to

ng of the vehicle connector

using system C according to IEC 61851-23, the following requirements shall be met:

he vehicle changes the system state to state C in aceordance with IEC 61851-1;
tion of the mechanical locking means shall bes¢hecked after closing;

ck opens falsely, the vehicle shall changethe system state of the control pilot functi
according to the sequence diagrams as-specified in IEC 61851-23, in order to requeg
he power transfer process;

cle connector shall not be unlocked unless the voltage at the vehicle inlet is below 60
AC (rms) and vehicle load cufirent is less than 1 A;

of a malfunction of the external electric circuit, a means for disconnection specifig
manufacturer may beprovided;

options for a safe.disconnect are available, information for the unlock procedure sh3
h the owner's manual;

icle shall-provide measures to ensure that actuation of the latch position switch (§
figurationvEE vehicle connector is not possible when the vehicle connector is locked t
nlet.

NOTE Fd

5 the
brnal
e its

avoid

cess,

bn to

t the

V DC

d by

111 be

3) of
b the

r a’vehicle nusing system A or system B according to TEC 61851-23  the locking of the v

bhicle

connector is provided by the DCEV charging station.

9.6 AC or DC electric power at the same contacts

The disconnection device (see 9.2) shall interrupt all line conductors of the DC vehicle power supply
circuit. The relevant parts of the vehicle power supply circuits shall fulfil the requirements for AC and
DC electric power transfer or they shall be disconnected by a mechanical disconnection device.

If the vehicle is using contacts for DC electric power transfer at the vehicle inlet, which also can be used
for AC electric power transfer, the vehicle shall connect its DC vehicle power supply circuit only to an
external DC electric circuit if the following requirements are fulfilled:

— acommunication between the external DC electric circuit and the vehicle that is required to start
DC electric power transfer is established;
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voltage at the vehicle inlet shall be measured and the vehicle shall only close its disconnection
device, if a DC voltage which complies with the requirement in 9.2 is detected;

the voltage measurement circuit shall be monitored by plausibility check of measured voltages
during operation.

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 DC vehicle supply circuit through the vehicle inlet under single failure
conditi . . L ; . > . .

circyit (e.g. charger).
The following are examples of possible measures for vehicle supply circuits:

installation of supplemental diodes at all live conductors of the vehicle powersupply ci
ore than one independent disconnection devices with independent control system fo

se of safety related components in accordance with appropriaté’standards or con
tandards such as ISO 13849;

N

Wise of charger which provides basic insulation by galvanic&eparation.

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

The yehicle manufacturer shall include the following info the analysis:

ossible hazards in the infrastructure or external electric circuit resulting from DC curr
y the vehicle to the infrastructure (e.g. fire.oftransformer) applying the severity level

ossible hazards in the vehicle resulting from AC voltage supplied by the infrastructurg

¢lectric circuit to the vehicle, and

— ¢ther possible hazards.

9.7 | Contact temperature

The temperature of the DC power contacts of the vehicle inlet or the automatic coupler sha
the temperature limitas-specified by the manufacturer of the vehicle inlet or the automatic
an ainbient temperature up to 40 °C the temperature of the DC power contacts of the vehic

ower supply

rcuit;
" each;

hbination of

ent supplied
fatleastS2,

b or external

I not exceed
coupler. For
le inlet shall

Xists.

not exceed 90 °C during power transfer.

NOTE1 Thétemperature limits are derived from the IEC 62196 series.

NOTE 2 A_At the time of publication of this document no product standard for automatic couplers €
NOTE3—The TE€ 62196 series provides tross sections of tire Hive conmductors for type testing

f the vehicle

inlet. IEC/TS 62196-3-1:—3), 24.102.3, provides cross sections of the live conductors, which leads to thermal

stabilization at the DC contacts below 90 °C when used with a vehicle connector with the same curr

Conformance is checked by inspection and test 13.7.

ent rating.

If the vehicle supports currents above 200 A, the vehicle shall be equipped with a vehicle inlet according

to IEC/TS 62196-3-1.

For vehicles equipped with a vehicle inlet according to IEC/TS 62196-3-1 one of the following

requirements applies:

a) The vehicle shall implement thermal sensing for each DC power contact. The vehicle shall control
the current by evaluating the measured temperature values. The vehicle shall periodically check

the plausibility of thermal sensing and provide an appropriate warning if the check fail
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Plausibility check of thermal sensing might be implemented by comparing the ambient
temperature of the vehicle with the temperature of the power contacts while the vehicle inlet or the
automatic coupler is not used.

icle shall provide a thermal cut-out for each DC power contact.

Vehicle manufacturers shall perform a hazard analysis to determine if the measures in 9.7 a) or b) shall
be applied to a vehicle that supports currents below or equal to 200 A.

Conformance is checked by inspection and test as in 13.8.

9.8 Over

The relevan
by load dum

NOTE L
component fe

9.9 Comy
The total y-(

For a vehiclg

working voltage up to 500 V DC, the total y-capacitance of the on=board section of the vehicle p

supply circy

For a vehicld

working voltage up to 500 V DC, the total y-capacitance.of the on-board section of the vehicle p

supply circy

For a vehic
configuratid
on-board se

14
{

Gy

NOTE 1
single measu
of 30 s witho

The formula assumes a meéasurement current of the IMD of 1 mA and limits the time to perf

rnlfngp incase ofaload d"mp

[ parts of the voltage class B electric circuit shall withstand a temporary overvoltage.cg
p in accordance with the system specific requirements of IEC 61851-23.

ad dump is a sudden increase of the voltage caused by a failure. A load dump {can occur wj|
eds electrical energy into an electric circuitand high load is disconnected abruptly, See ISO PAS 1

patibility with insulation monitoring
apacitance of the on-board section of the vehicle power supply ‘eircuit shall not exceed

equipped with a vehicle inlet according to IEC 62196-3 configuration AA with a maxi

it shall not exceed 2,2 pF.

e equipped with a vehicle inlet according to IEC*62196-3 configuration EE with a maxi

it is under consideration.

e with a vehicle inlet according to IEE€ 62196-3 configuration AA, configuration H
n FF and a maximum working voltage U above 500 V DC, the total y-capacitance C, @
Ction of the vehicle power supplycircuit shall not exceed the limits according to Formul,

v
/

Fement for one railte 8’s. This supports a total time for a complete measurement cycle for the v
1t consideration-efthe added y-capacitance of the external electric circuit.

NOTE 2  The requirementsupports proper operation of the insulation monitoring device.
NOTE 3  Fqr requirement for protection against electric shock, see Clause 6.
The y-capacjitance per rail should be balanced by choosing appropriate design values.

used

hen a
0295.

4 uF.
mum

pwer

mum
pwer

E or
f the

a (1).
(W

rm a
bhicle

See Annex A for guidance on the measurement of the total y-capacitance.

10 Reverse power transfer

10.1 General

A vehicle that implements reverse power transfer shall do reverse power transfer through an EV plug
(case A), vehicle inlet (case B and case C), an ACD counterpart (case D) or an ACD (case E) according to
the IEC 62196 series or other relevant standard.

An EV that is not designed for reverse power transfer shall not transfer power to the external electric
circuit in normal operation and under single failure conditions. The vehicle manufacturer shall specify
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time and current limits for unintended reverse power transfer. An EV that is designed for reverse power
transfer shall transfer power to the external electric circuit only when it is connected to an external
electric circuit that is intended for reverse power transfer.

In case of reverse power transfer the vehicle shall provide overcurrent protection.

An EV that is designed for reverse power transfer shall only supply power to the external electric circuit
if the following requirements are met:

NOTH IEC 60364-7-722 includes requirements for installation of equipment that supports r¢
trangfer.

10.2 AC reverse power transfer

10.2{1 General

The
circyit that is not connected to the supply network (mains):

NOTHE 1  Use cases include vehicle to load and vehicle to‘hhiome.

The requirements for the AC reverse power transfer to the external electric circuit that can i
to the supply network (mains) are under consideration.

NOTE 2  In case of grid connected reverse-power transfer the vehicle might need to provide the
and reactive power based on request by the'EV supply equipment (e.g. by digital communication).

10.2{2 Output power quality

10.2{2.1 Output voltage

The yoltage shall be standard voltage according to IEC 60038.

10.2{2.2 Outputfrequency

The frequency shall be 50 Hz or 60 Hz. The tolerance of the frequency should be +2 %.

10.2{2:3 Output waveform

the vehicle detects that the EV plug (case A), the vehicle inlet (case B and case C), the ACD
(case D) or the ACD (case E) is correctly mated;

counterpart

tthe vehicle detects that the control pilot circuit is connected;

the vehicle detects an external electric circuit which supports reverse power transfer ¢
¢ommunication.

Fequirements in this subclause apply to the AC reverse power transfer to the exte

.g. by digital

pverse power

'nal electric

e connected

active power

The output 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 8 %.

NOTE For more information, see EN 50160.

10.2.2.4 Output current

The maximum output current shall meet the following requirements:

the rated current of the on-board section of the vehicle power supply circuit;
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or the ACD (case E);

the rated current of the EV plug (case A), vehicle inlet (case B and case C), the ACD counterpart

the maximum current of the external electric circuit indicated by coding resistor of the vehicle

connector, if the vehicle inlet provides a proximity contact for simultaneous proximity detection
and current coding as specified in [EC 61851-1:2017, B.2;

the maximum current as indicated by digital communication if any.

The EV shall provide the overcurrent protection means to interrupt the power transfer if the maximum
allowed current is exceeded.

NOTE1 Inf

The EV shal
of a short ci
appropriate

NOTE2  Ag
either earthi

The vehicle
power elect

10.2.3 Pre
8.4 applies f]
10.2.4 Pro

10.2.4.1 Py

6.5 applies f

10.2.4.2 Py

Fault proted

some countries, the maximum reverse power from the EV is limited to less than 10 kW: JP.
reduce the output voltage of its power electronic converter to 50 V AC or lessin-the ¢

rcuit in a time as given for TT circuits in IEC 60364-4-41:2005, 411.3.2.2 on411.3.2
the time limits for TT circuits are lower than for TN circuits, and the vehicle might be connecf

g system, the lower time limit is applied.

manufacturer shall give adequate methods for the initial and periodic verification @
Fonic converter.

vention of disconnection of vehicle coupler under load

pr reverse power transfer also.
fection against electrical shock

otection against unintended voltage

Or reverse power transfer.

otection under single failute condition

tion shall be applied bagedon the fault mode analysis by vehicle manufacturer.

10.2.4.3 Additional protection

Additional

10.2.5 Pro
The EV shal

rotection is under consideration, for example RCD function, IMD function.

fectionagainst thermal incident

provide the overcurrent protection means to interrupt the power transfer if the maxi

bvent
4, as

edto

f the

muim

allowed cur

rent is exceeded.

10.3 DCreverse power transfer

10.3.1 General

Clause 9 applies.

The requirements in this subclause apply to the DC reverse power transfer to the DC EV charging
station according to I[EC 61851-23.

NOTE

requirements of IEC 61851-23.

26

For reverse power transfer the connected external electric circuit is assumed to fulfil the relevant
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10.3.2 Connection to the external electric circuit
The communication between the EV and external electric circuit shall conform with IEC 61851-24.

NOTE In some countries, the maximum reverse power from the EV is limited to 10 kW: JP.

10.3.3 Protection against overdischarge of the RESS

During reverse power transfer the requirements concerning overdischarge according to ISO 6469-1 apply.

10.3.4 Auxiliary power supply from EV (optional)

The [EV may provide auxiliary power supply to the DC EV charging station in accordance with
IEC 41851-23.

10.3{5 Protection against thermal incident

The EV shall provide the overcurrent protection means to interrupt the power transfer if the maximum
allowed current is exceeded.

11 Qperational requirements

Vehi¢le movement by its own propulsion system shall be imp@ssible as long as the vehicle |s physically
connected to the external electric circuit.

Confprmance is checked by inspection.

NOTH ISO 6469-2 defines operational requirements for EV.

12 Qwner’s manual and marking

12.1 Owner's manual
Specjal attention shall be giveninthe owner's manual to aspects specific to the vehicle.

At least the following indieation shall be given to the user:

— ]:struction for connection of the EV to an external electric circuit;

information about the need of a proper installation of the fixed electrical installation.

12.2 Marking

The yehicle power supply circuit shall have marking in accordance with ISO 6469-3.

Parts of the plug (case A) and the vehicle inlet (case B and case C) which are visible for the user should
have no marking in accordance with [SO 6469-3.

NOTE In some countries, regulations might require additional marking of the vehicle according to EN 17186.

13 Test procedure

13.1 General
All tests are type tests.

Room temperature is a temperature of (25 * 2) °C.
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If not otherwise specified, the tests described apply to the vehicle power supply circuit referred to as
device under test.

Unless specified otherwise in the individual test method, the device under test is operated under
normal operating conditions.

Unless specified otherwise in the individual test method, the tests are carried out under normal
laboratory conditions:

Temperature: 15 °C to 35 °C;

— Air pressure: 86 kPa to 106 kPa at sea level;

Relativd

13.2 Resis|

The measur
vehicle pow

The resistance of the path used for protective conductor connection is tested\with a test current|

minimum 2
paths betwg

the ACD couynterpart (case D) or the ACD (case E) and any connected/conductive part of the ve

power supp

potential paths for purpose of the test.

13.3 Isolaf
Perform pr¢

The isolatiq

modifications:

Instead
of thev

The me
the ACD

13.4 With

13.4.1 Genleral

humidity: 25 % to 75 %.

tance of protective conductor
ements are performed at vehicle level or at component level with the nelevant parts g

b1 supply circuit.

D0 mA and a voltage <60 V DC. The test current is passed through the protective cond
en the protective conductor terminal of the plug (case A), vehicle inlet (case B and caj

y circuit and the electric chassis for at least 5 s. This pathis isolated from other uninte|

[ion resistance test
conditioning and conditioning according t0 1SO 6469-3:2018, 10.3.1.
n resistance test according to ISO '6469-3:2018, 10.3.4, applies with the follo

of the “entire conductively connected voltage class B2 electric circuits”, the on-board se
thicle power supply circuitis-tested.

hsurement is performed-at the contacts of the plug (case A), vehicle inlet (case B and ca
counterpart (case D).or the ACD (case E).

stand voltage test

The withst

modificationps:

hnd{ voltage test according to ISO 6469-3:2018/Amd 1%, applies with the follo

f the

of at
Ictor
e (),
hicle
nded

wing

ction

be C),

wing

The test is performed on the on-board section of the vehicle power supply circuit at the contacts of

the plug (case A), vehicle inlet (case B and case C), the ACD counterpart (case D) or the ACD (case E).

they are closed.

The test voltage is as specified in 13.4.2.

4)

28

Under preparation. Stage at the time of publication: ISO 6469-3: 2018/FDAmd 1:2020.

If the on-board section of the vehicle power supply circuit includes contactors or disconnection
devices,
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13.4.2 Test voltage

13.4.2.1 AC connection

The RMS value of the AC test voltage of a frequency of 50 Hz or 60 Hz is raised uniformly from 0 V to the
following value within not more than 5 s and held at that value for at least for 60 s:

Whern U icthonaminallino tonoutral ualtaage aofthe noutral.earthod cuynnlu cuctom
I ot e o et Heatr—~v ot —cHe-Heator= S tHeaSuappry oy ot

(U, + 1200 V) if basic insulation applies;

2 x (U, +1200V) if double insulation or reinforced insulation applies,

NOTH The values for AC test voltage origin from IEC 60664-1:2007, 5.3.3.2.3 and [EG-6036
442.3.2.

Equiyalent values of the DC voltage can be used instead of the AC peak values; The equivd
voltage is 1,41 times of the RMS value of the AC voltage.

Further test conditions conform to IEC 60664-1, considering the specific operating c
specified by the vehicle manufacturer.

13.4|2.2 DC connection

The

test voltage is derived from the relevant overvoltage of'the electric circuit to which the

is connected. Transient overvoltage that can be expected;\including influences from other

to g1

part$ and sections of the IEC 60664 series by the vehicle manufacturer.

The

withjn not more than 5 s and held at that value for at least for 60 s.

Equiyalent values of the DC voltage canbeused instead of the AC peak values. The equiv{
voltdge is 1,41 times of the AC (rms) value.

NOTH The DC EV charging station limits its overvoltage in accordance with IEC 61851-23.

13.5 Inrush current tests

13.5{1 General

The

a)
b)

)

d)

ronformancéds-checked by measurement. The following test conditions apply:

gupply veltage is the rated voltage of the device under test;

4-4-44:2007,

lent DC test

nditions as

component
connections

id, if any, is included. The test voltage and its dufation are specified, considering the applicable

AC test voltage of a frequency of 50 Hz or 60/Hz is raised uniformly from 0 V to the following value

lent DC test

e¢xternal power supply has a supply system impedance (loop impedance) of not more tllnan 150 mQ;

supply system impedance is the loop impedance between the relevant live conductors. It

ismeasured

at the connecting point of the device under test to the external power supply in accordance with

IEC 60364-6;

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);

— 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
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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(2 (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) If the measured supply system impedance is less than 150 mQ, a different test cable (e.g. cable
assembly for case B or case C) can be used to adjust the loop impedance to 150 m().
13.5.2 Measurement

The measurements is performed at vehicle level or at component level with the relevant parts of the
vehicle power supply circuit. The device under test is operated under normal operating conditions.

The voltage
90° £+ 5°is 4
the switchir

The current

The peak vallue of the voltage of the power supply is measured.

If the power;
performed ¥

If the measu
discharging

Measureme
The require
supply systg
13.6 Toucl

13.6.1 Gen

The measur
vehicle pow

When testin
to an AC ey
measured W

The test is d
national sta
standard ba

The touch c

ht devices shall have an appropriate resolution.

N current

ements are performed atehicle level or at component level with the relevant parts d
er supply circuit.

of the external electric power supply is measured. The peak voltage at a phase-anyg
pplied at the device under test. This condition can be achieved, for example by tsigg
g device of the EV supply equipment.

is measured continuously for the duration of the measurement.

supply does not provide the rated voltage of the device under test, the measurement m

rement is repeated, sufficient time shall last between consecutive measurements to ef
of capacitors of the device under test.

d inrush current limits for event 1 and event.2 in accordance with 8.2.2 shall be met

m impedance of not more than 150 mQ.

eral

g an AC connection; the touch current is measured when the device under test is conng
ternal electric power supply. When testing a DC connection, the touch current is
hen the devic€ under test is connected to a DC external electric power supply.

onducted-with a cable assembly conforming with IEC 61851-1, I[EC 62752 or an equiv|
ndard.ora’DC EV charging station conforming with IEC 61851-23 or an equivalent nat
sed otrrecommendation by the vehicle manufacturer.

rrent is then measured using the measurement network according to Figure 3 (se

IEC 60990).

30

le of
Pring

hy be
vith any voltage in the range of the rated voltage and the resultsiis calculated accordinfgly.

sure

ata

f the

bcted
also

alent
jonal

also
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A
R]
B
| I i
R T c — AN

Key
A, B | terminals of measurement circuit
R =15kQ+5%

Ry |=500Q0%5%

R, =10kQ 5%

Cs =0,22 uF £ 10 %

C; =0,022 uF £ 10 %

Figure 3 — Measurement circuit

V,-mb, which is the root mean square value-of the voltage V,, is measured, see Figure 3.[For voltage
meagurement, an instrument according to'[EC 60990:2016, Annex G is used.

The touch current is calculated by Formula (2):

V.
) — 2rms 2
™S 500Q (2)

The test is passed if all'touch currents measured during the test do not exceed the specifiefl limits. It is
also regarded to fulfilthe requirement, if touch current cannot be measured due to stop cHarging with
discqnnecting prétective conductor.

After each single test, the original operation conditions is re-established without any fault pr damage.

Circyitryrwhich is connected through a fixed resistance or referenced to earth for monitoring purpose
which i not continuously operated, and which does not contribute to a protective conduftor current
during normal operation of the vehicle power supply circuit should be disconnected before this test.

13.6.2 AC Charging

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 4).

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 5).

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
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under test, the secondary 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 9 4

| 2

Key

connecti
polarity

connecti
enclosur]
test proh
measure

N O U W

protectiy

The vehicle
110 % of th
conductor o
be applied fi
voltage and

i

8 /_é L
|
|
|

| 7

ot PE 9010
|
- L% —O 5
- B A
6

bn to external electric power supply 8 externdlelectric power supply
switch 9 EV supply equipment
bn of device under test 10 device under test
e device under test L line terminal
e N neutral terminal
ment circuit PE terminal for protective conductor
e conductor A,B terminals of measurement circuit

Figure 4 — Example testsetup for touch current with single phase TN system

under AC charging

power supply eircuit operates at its highest rated power, highest rated frequency
e highest rated voltage with disconnection of the protective conductor (switch prote
pen, see Figure 4). If the worst-case conditions for the external electric power supply c4
br the test/ the measurement may be performed with any voltage in the range of the
the results is calculated accordingly.

and
ctive
nnot
rated

The termin

1 B-of the measurement circuitis connected to the protective conductor of the measure

ent

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 4. 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 u

32

nder test and terminal A of the measuring circuit.
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