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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
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INTERNATIONAL STANDARD

ISO 17409:2015(E)

Electrically propelled road vehicles — Connection to an
external electric power supply — Safety requirements

1

Scope

This International Standard specifies electric safety requirements for conductive connections of

elect

Itap
apply

It ap
funct

It do

It do
pers

The

blies to electrically propelled road vehicles with voltage class B electric circuits.dn ge
' to motorcycles and mopeds if no dedicated standards for these vehicles exist.

plies only to vehicle power supply circuits. It applies also to dedicatedxpower suj
ions used for the connection of the vehicle to an external electric powersupply.

bs not provide requirements regarding the connection to a non-isofated d.c. charging s

es not provide comprehensive safety information for manufacturing, maintenance
bnnel.

requirements when the vehicle is not connected to the external electric power supply 2

ricatty propetted Toad vetictes toamextermat etectric power supply using a plug or vetyicle inlet.

heral, it may

bply control

tation.

and repair

re specified

in ISP 6469-3.

NOTHE 1 This International Standard does not contaim requirements for vehicle power supply circuits
using protection by class Il or double/reinforced insulation but it is not the intention to exclude| such vehicle
appligations.

NOTHE 2  Requirements for EV supply equipment are specified in IEC 61851.

2 Normative references

The following documents, in whele or in part, are normatively referenced in this docunient and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest editjen of the referenced document (including any amendments) applies.

ISO 6469-1, Electricallypropelled road vehicles — Safety specifications — Part 1: On-board techargeable

energy storage system-(RESS)

ISO

agaif

ISO
ISO

©469-3, Electrically propelled road vehicles — Safety specifications — Part 3: Protectid

)st electric,shock

13849%(all parts), Safety of machinery — Safety-related parts of control systems

n of persons

20653, Road venicles — Degrees of protection (IF code] — Frotection of electrical equipr

foreign objects, water and access

[SO 26262 (all parts), Road vehicles — Functional safety

nent against

[EC 60309-1, Plugs, socket-outlets and couplers for industrial purposes — Part 1: General requirements

IEC 60309-2, Plugs, socket-outlets and couplers for industrial purposes — Part 2: Dimensional
interchangeability requirements for pin and contact-tube accessories

IEC 60364-4-43, 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

© ISO 2015 - All rights reserved
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IEC 60364-6, Low-voltage electrical installations — Part 6: Verification
IEC 60664 (all parts), Insulation coordination for equipment within low-voltage systems

IEC 60884-1, Plugs, socket-outlets and couplers for household and similar purposes — Part 1: General
requirements

IEC 61851-1, Electric vehicle conductive charging system — Part 1: General requirements
[EC 61851-23, Electric vehicle conductive charging system — Part 23: D.C. electric vehicle charging station

IEC 62196-1, Plugs, socket-outlets, vehicle connectors and vehicle inlets — Conductive charging of electric
vehicles — Hart 1. General requirements

IEC 62196-2
vehicles — H
tube accessa

IEC 62196-3
vehicles — 1§

, Plugs, socket-outlets, vehicle connectors and vehicle inlets — Conductive charging.of el
art 2: Dimensional compatibility and interchangeability requirements for a.c. pin:and cor
ries

, Plugs, socket-outlets, vehicle connectors and vehicle inlets — conductivé charging of el
Part 3: Dimensional compatibility and interchangeability requirements for dedicated d.q

ctric
tact-

ctric
and

combined a.¢./d.c. pin and contact-tube vehicle couplers

ISO/IEC 151{18 (all parts), Road vehicles — Vehicle to grid communication interface

3 Terms and definitions

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

31
balance of ¢
remaining p|

electric power system

ortion of a voltage class B electric circuitwhen all RESS and fuel cell stacks are disconngcted

3.2
barrier
part providing protection against direct contact from any usual direction of access

3.3
basic insulation
insulation of hazardous-live-parts which provides basic protection

3.4

case A
connection
attached to

bf an EV torthe a.c. supply network (mains) utilizing a supply cable and plug perman
the EV

ently

3.5
caseB
connection of an EV to the a.c. supply network (mains) utilizing a detachable cable assembly with a
vehicle connector and a.c. EV supply equipment

3.6

case C

connection of an EV to the a.c. supply network (mains) utilizing a supply cable and vehicle connector
permanently attached to the EV supply equipment.

Note 1 to entry: Only case C is applicable for mode 4 (see IEC 61851-1).

3.7
charger
power converter at the vehicle power supply circuit which supplies electric power, e.g. for charging a RESS

© ISO 2015 - All rights reserved
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3.8
conductive part
part capable of conducting electric current

3.9

control pilot circuit

circuit designed for the transmission of signals and/or communication between an EV and an EV
supply equipment

3.10
control pilot conductor
insulated-eondtetorineorpe -ated-imranEV-eableassembly-thatereatestogether-with—the protective

condpuctor, the control pilot circuit

3.11
contfol pilot function
functionality used to monitor and control the interaction between the_ electric vehicle and the
supply equipment

3.12
d.c. EV charging station
EV slipply equipment intended to supply d.c. current to an EV

3.13
direct contact
contact of persons with live parts

3.14
dist([lrtion power factor
product of the displacement power factor and the‘total harmonic distortion up to the 40th Harmonics of
the 1pad current

3.15
disp]lacement power factor
powger factor due to the phase shift between voltage and current at the fundamental line fr¢quency

3.16
double insulation
insulation comprising beth basic insulation and supplementary insulation

3.17
electric chassis
conductive partsof a vehicle that are electrically connected and whose potential is taken a$ reference

3.18
electrie’shock
physjological effect resulting from an electric current passing through a human body

3.19

electric vehicle

electric road vehicle

EV

any vehicle propelled by an electric motor drawing current from a RESS intended primarily for use
on public roads

3.20
enclosure
part providing protection of equipment against direct contact from any direction

© IS0 2015 - All rights reserved 3
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3.21

EV supply equipment

equipment or combined equipment providing dedicated functions for an electric power supply from
a fixed installation to an EV for the purpose of charging for all dedicated charging modes and cases
of connection

3.22

exposed conductive part

conductive part of the electric equipment, which can be touched by a test finger according to IPXXB (see
[SO 20653) after removing barriers/enclosures which can be removed without using tools and which is
not normally live, but which can become live under fault conditions

3.23
external electric power supply
electric power source that is not part of the vehicle for supplying electric energy to an EV-using gn EV
supply equipment

3.24
hazard
potential souirce of harm

3.25
isolation r¢sistance
resistance Hetween live parts of voltage class B electric circuit and‘th€ electric chassis, as well afs the
voltage class A system

3.26
live condugdtor (line and neutral)
conductor which is energized in normal operation and gapable of contributing to the transmissipn or
distribution| of electric energy

3.27
live part
conductor of conductive part intended to be'electrically energized in normal operation

3.28
maximum working voltage
highest valye of a.c. voltage (rmg). or of d.c. voltage which can occur in an electric system under any
normal opefating conditions aecording to manufacturer’s specifications, disregarding transients

3.29

mode 1
connection ¢f the EV to\the a.c. supply network (mains) utilizing a cable and plug, that is not fitted{with
any supplenpentary pilot or auxiliary contacts, and connects to a standard socket-outlet

3.30
mode 2
connection of the EV to the a.c. supply network (mains) utilizing a cable and plug connected to a
standard socket-outlet, with a control pilot function and system for personal protection against electric
shock placed between the EV and the socket outlet

3.31

mode 3

connection of the EV utilizing EV supply equipment permanently connected to the a.c. supply network
(mains) and where the control pilot function extends to control equipment in the EV supply equipment

Note 1 to entry: Mode 3 includes the use of cable assembly not permanently connected to the a.c supply network
(case A and case B).

4 © IS0 2015 - All rights reserved
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3.32

mode 4

connection of the EV to the a.c. or d.c. supply network (mains) utilizing a d.c. EV supply equipment or
d.c. EV charging station using a control pilot function

3.33

non-isolated d.c. EV charging station

d.c. EV charging station with d.c. circuit on output side which is not electrically separated by at least
basic insulation from the supply system

3.34
plug
accegsory having contacts designed to engage with the contacts of a socket-outlet, alsovifjcorporating
means for the electrical connection and mechanical retention of flexible cables or cords

3.35
protective conductor (PE)
condctor provided for purposes of safety, for example protection against electric shock

3.36
rechargeable energy storage system
RES$
system that stores energy for delivery of electric energy and which is rechargeable

EXANMPLE Batteries and capacitors.

3.37
reinforced insulation
insulation of hazardous-live-parts which provides a degree of protection against elgctric shock
equiyalent to double insulation

Note[1 to entry: Reinforced insulation may comprise several layers which cannot be tested sihgly as basic
insulption or supplementary insulation.

3.38
residual current device
RCD
mechanical switching device or association of devices designed to make, carry and break currents
undegr normal service conditions and to cause the opening of the contacts when the residlual current
attaips a given value under specified conditions

Note|l to entry: A residual current device can be a combination of various separate elements designed to detect
and egvaluate the residual current and to make and break current.

3.39
socKet-gutlet
acce$sory having socket-contacts designed to engage with the contacts of a plug and havirllg terminals
for tlreTtonmectiomof tabtesorcords

3.40

standard plug and socket-outlet

plug and socket-outlet which meets the requirements of any IEC and/or national standard that
provides interchangeability by standard sheets, excluding the specific EV accessories as defined in the
[EC 62196 series

Note 1 to entry: The standards IEC 60309-1, IEC 60309-2, and IEC 60884-1 define standard plugs and
socket-outlets.

3.41
supplementary insulation
independent insulation applied in addition to basic insulation for fault protection

© IS0 2015 - All rights reserved 5
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touch current
electric current passing through a human body or through an animal body when it touches one or more
accessible parts of an electrical installation or electrical equipment

3.43
vehicle con

nector

part of a vehicle coupler integral with or intended to be attached to the cable assembly

3.44

vehicle cou
means of e
electric enel

Note 1 to ent

3.45
vehicle inl€d
part of a veh

3.46

vehicle isol
system whi
voltage clas

3.47
vehicle pow
voltage clas
inlet (case
electric pow

3.48

voltage clas
classificatio
voltage is <3

3.49

voltage clas
classificatio
voltage is (>

4 Envird

The require
conditions fj
power supp

NOTE

pler

'gy to

an EV
Fy: It consists of two parts: a vehicle connector and a vehicle inlet.

t
icle coupler incorporated in, or fixed to, an electric vehicle

ption resistance monitoring system
ch periodically or continuously monitors the isolation resistance between live pary
5 B electric circuits and the electric chassis

rer supply circuit
5 B electric circuit which includes all parts thatare galvanically connected to the ve
B, case C) or the plug (case A) and that is-gperational when connected to an ext

rer supply

s A
h of an electric component or circuit as belonging to voltage class A, if its maximum wol
0 Va.c. (rms) or <60 V d.c., respectively

s B
h of an electric compenent or circuit as belonging to voltage class B, if its maximum wol
B0 Vand <1 000)-V.a‘c. (rms) or (>60 V and <1 500) V d.c., respectively

nmentaleonditions

ments_given in this International Standard shall be met across the range of environm
pr which the electric vehicle is designed to operate when connected to an external eld

ts of

hicle
brnal

'king

rking

ental
ctric

y,as specified by the vehicle manufacturer.

See ISO 16750-4 for guidance.

5 Requirements for protection of persons against electric shock

5.1 Basic protection

In this Clause, requirements for protection against direct contact at the vehicle inlet (case B and C) and

at the plug (c

ase A) are specified.

Standard plug mated with standard socket-outlet (case A) shall comply with the requirements of relevant
standards and the national requirements of the country where the product is placed on the market.

© ISO 2015 - All rights reserved
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Plug according to IEC 62196 mated with socket-outlet according to IEC 62196 (case A) shall comply with
the degree of protection IPXXD at minimum in accordance with ISO 20653.

Mated portion of the vehicle inlet mated with vehicle connector (case B and case C) shall comply with
IPXXD at minimum in accordance with ISO 20653. The requirements for unmated contacts of such a
vehicle inlet are specified in 5.4.

5.2 Protection under single failure conditions

For mode 1, 2, 3, and 4, the plug (case A) or the vehicle inlet (case B and case C) shall have a contact for
connecting the vehicle electric chassis to the protective conductor of an external electric power supply.

To provide protection under single failure conditions, at least one of the following requirgments shall
be fulfilled.

— The protective conductor terminal of the plug (case A) or the vehicle inlet (case B and ¢ase C) shall
e connected to the vehicle electric chassis fulfilling the requirements/for protective conductor
¢onnection. All exposed conductive parts of the vehicle power supply circuit shall be donnected to
the vehicle electric chassis fulfilling the requirements for the protective conductor comnection. An
¢xample for this option is given in Figure 1.

Key

1  vehicle power supply cireuit 5 electric chassis

2 ¢harger with galvanic‘separation 6  protective conductor
3  RESS 7  protective conductor
4  potential equalization according to ISO 6469 8  vehicle inlet

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

 Thanrotactivua condiintase ol A thn g (racn A A thn yohiola snlat (focn P qnd case C
THe-—Pprotecave—fcoRatuctor e riar e pPragEasSeg o tnet—VveHe e HhetEa56—-

shall be connected to exposed conductive parts of the vehicle power supply circuit fulfilling the
requirements for protective conductor connection. All exposed conductive parts of the vehicle
power supply circuit shall be connected to the vehicle electric chassis fulfilling the requirements
for protective conductor connection. An example for this option is given in Figure 2.

© IS0 2015 - All rights reserved 7
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S

Key

vehicle p
charger
RESS
potentia

Bow N R

Figure 2 —

The cross-sd

For the spe
connection,
IEC 61851-2

The resistal
the plug (cal
exposed corj
protective ¢

The resistat

NOTE P
5.3 Isolat
5.3.1 A.C.

The total is

ower supply circuit electric chassis

vith galvanic separation protective conductor
protective conductor

equalization according to 1SO 6469 vehicle inlet

ctional area of the protective conductor shall be desjgned in accordance with IEC 60364-

cification of the protective conductor of a vehicle power supply circuit used for {
a fault current and the disconnecting time-in case of a fault current in accordance
B shall be considered.

ce of the protective conductor connection between the protective conductor contg
se A) or the vehicle inlet (case Bj.case C) and the vehicle electrical chassis, as well §
ductive parts of the vehicle power supply circuit shall be less than 0,1 Q. All paths use
pnductor connection shall beiconsidered.

lce of protective conductor-shall be tested in accordance with 12.2.

otective conductor requirement for double/reinforced insulation is under consideration.
[ion resistance

connection (Mode 1, 2, and 3)

plation resistance of the vehicle power supply circuit shall be at least 500 Q/V whe

vehicle is n

Connection between protective conductor and electric'chassis (example for Opti¢on 2)

5-54.
. d.c.
with

ct of
s all
d for

h the

pt-Connected to an external electric power supply. The reference shall be the maxi

muim

working voltage of the relevant electric circuit.

Compliance

5.3.2 D.C

shall be tested in accordance with 12.3.

connection (Mode 4)

The isolation resistance of the vehicle power supply circuit shall comply with the requirements in
ISO 6469-3 when the vehicle connector is not mated with the vehicle inlet.

Compliance

shall be tested in accordance with 12.3.

© ISO 2015 - All rights reserved
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5.4 Protection from unintended voltage

5.4.1 Mode1l

The plug (case A) or vehicle inlet (case B and case C) shall comply with at least one of the following
requirements:

For gompliance, cut off of external electric power supply can be simulated by unmatingthe j
or thie vehicle connector (case B and case C).

NOTH Cut off of external electric power supply means loss of supply voltage, including disco
voltage outage on the supply.

5.4.2 Mode 2 and mode 3

The
requirements if their voltage class B live parts are not protected at least by IPXXB in
with[ISO 20653:

requjrements if their voltage class B live' parts are protected at least by IPXXB in acco
ISO 40653:

For dase B and case'G, the voltage or energy shall be measured at the unmated vehicle inlet

5.4.3 Mode4

The YVelicle inlet shall comply with at least one of the following requirements if its voltage
parts dreé not protected at least by IPXXB in accordance with ISO 20653:

the charge between any contacts shall be below 50 pC within 1 s after cut off of the external

electric power supply;

the voltage between any contacts shall be below or equal to 60 V d.c. and 30 V a.c. (rms) within 1 s

Jftercutoff of the externat efectric power supply.

from external electric power supply;

the voltage between any contacts shall be belew or equal to 60 V d.c. and 30 V a.c. (rm
dfter disconnection of the vehicle from external electric power supply.

blug (case A) or vehicle inlet (case B;and case C) shall comply with at least one of t}

from external electric power supply;

the voltage between.any contacts shall be below or equal to 60 V d.c. and 30 V a.c. (rms
3fter disconnection of the vehicle from external electric power supply.

blug (case A)

nnection and

blug (case A) or vehicle inlet (case B and case C) shall comply-with at least one of the following

accordance

the charge between any contacts shall be below 50 p€within 1 s after disconnection of the vehicle

5) within 1 s

he following
rfdance with

the energy between any contacts shall be below 0,2 ] within 10 s after disconnection of the vehicle

within 10 s

class B live

the charge between any contacts shall be below 50 pC within 1 s after disconnection of the vehicle

from external electric power supply;

the voltage between any contacts shall be below or equal to 60 V d.c. and 30 V a.c. (rms) within 1 s

after disconnection of the vehicle connector from external electric power supply.

The vehicle inlet shall comply with at least one of the following requirements if its voltage class B live
parts are protected at least by IPXXB in accordance with ISO 20653:

— the energy between any contacts shall be below 0,2 ] within 10 s after disconnection of the vehicle

from external electric power supply;

© ISO 2015 - All rights reserved
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— the voltage between any contacts shall be below or equal to 60 V d.c. and 30 V a.c. (rms) within 10 s
after disconnection of the vehicle from external electric power supply.

The voltage or energy shall be measured at the unmated vehicle inlet

5.4.4 Contacts of unmated portion of vehicle inlet

The contacts of an unmated portion of the vehicle inlet shall fulfil at least one of the following
requirements, when the other contacts of this vehicle inlet are mated with a vehicle connector (e.g. d.c.
contacts of a combined vehicle inlet unmated and other contacts mated with a type 1 or type 2 vehicle
connector according to IEC 62196 series):

— the enefgy between any unmated contacts shall be below 0,2 ] if live parts are protected at l€ast by
IPXXB ih accordance with ISO 20653;

— the volthge between any unmated contacts shall be below or equal to 60 V d.c. and 30V a.c. (rins) if
live parfs are protected at least by IPXXB in accordance with ISO 20653;

— the charge between any contacts shall be below 50 pC if live parts are notprotected at least by
[PXXB ih accordance with ISO 20653.

5.5 Insulpation coordination

5.5.1 Genleral

The vehicle |power supply circuit shall fulfil the applicable sections of IEC 60664 series on insulption
coordinatiop and meet the withstand voltage capability accerding to the details in 5.5.2 or 5.5.3.

Neither dielectric breakdown nor flashover shall occur.during the withstand voltage test.

Compliance(shall be tested in accordance with 12.4

5.5.2 A.C{connection (Mode 1, 2, and 3)

The vehicle| power supply circuit shall.be designed according to the overvoltage category II upless
appropriate| overvoltage reduction in accordance with IEC 60664-1 is provided in the vehicle ppwer
supply circdit.

5.5.3 D.C{connection (Mode %)
The vehicle power supply.circuit shall be designed according to a rated impulse voltage of atleast 2 300 V.

NOTE IBC 61851+23/has adopted this fixed value of the rated impulse voltage independent of input voltjge of
d.c. charging|station

6 Protection against thermal incident
6.1 Overcurrent protection

6.1.1 Overload protection

The cross-sectional area of the live conductors of the vehicle power supply circuit, as well as the rated
current of the plug (case A) or vehicle inlet (case B and case C), shall be according to the maximum load
current of the vehicle unless parts of this circuit are separately protected by an overcurrent protection
device in the vehicle. (e.g. fuse, circuit breaker, etc.).
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6.1.2 Short-circuit protection for a.c. connection

For short-circuit current supplied by external power supply, the requirements in a), b), or c) shall
be fulfilled.

a) The cross-sectional area of the live conductors of the vehicle power supply circuit shall have a
short-circuit current withstand rating (I2t) according to the characteristics of the overcurrent
protection device of the external electric power supply. For the connection to an external electric
power supply with a rated current up to 80 A, the vehicle power supply circuit shall have a short-
circuit current withstand rating (I2t) of at least 80 000 AZ2s. 12t value shall be calculated according
to IEC 60364-4-43.

INOTE Breaking time for overcurrent protection device is less than 0,1 s (see I[EC 60364%4,{43).

b) An overcurrent protection device (e.g. fuse, circuit breaker) shall be provided in€ach liye conductor
f the vehicle power supply circuit. The cross-sectional area of the live conductor downstream
this overcurrent protection device shall be designed according to the rating of this jovercurrent
protection device.

c) For case B and case C, all of the following requirements shall be fulfilled:

1+ cross-sectional area of the vehicle power supply circuits shall be designed according to the
maximum load current of the vehicle;

1+ protection against mechanical damage for vehicle power supply circuit wiring lhetween the
vehicle inlet and the charger shall be provided so that single failure does not cauge insulation
fault between live conductors and between live.conductors and electrical chassis;

+ anovercurrent protection device (e.g. fuse,circuit breaker) shall be provided inside|the charger.
The overcurrent protection device rating and short-circuit current interrupt rating shall be
sufficient to protect the wiring of the vehicle power supply circuit between the vehicle inlet and
the on-board charger.

For ghort-circuit current supplied by‘power sources of the vehicle, short-circuit protection shall be
provjded for the vehicle power supply-circuit.

6.1.3 Short-circuit protection for d.c. connection

For ghort-circuit current supplied by external electric power supply, the requirements in g) or b) shall
be fullfilled for short-circuit protection.

a) The cross-seetional area of the live conductors of the vehicle power supply circuit shall have a
ghort-circuitcurrent withstand rating (I2t) of at least the following values:

— 1,000 000 A2s for System A according to IEC 61851-23;

1+-5'000 000 AZs for System C according to IEC 61851-23;

— avalue in A2s to be coordinated for any other d.c.-EV charging station.
I2t value of the live conductors shall be calculated according to IEC 60364-4-43.

NOTE1 This short-circuit current withstand rating (I2t) corresponds to the characteristics of the
overcurrent protection device of the external electric power supply.

b) An overcurrent protection device (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 device shall be designed according to the short-circuit interrupt rating of this
overcurrent protection device. The cross-sectional area of the live conductors upstream from this
overcurrent protection device (to vehicle inlet) shall comply with the requirement of a).
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The breaking time for interruption of a short-circuit current shall be gathered from the technical data
of the selected overcurrent protection device.

For short-circuit current supplied by vehicle sources, the vehicle power supply circuit shall have an
overcurrent protection device with a rating not higher than following values:

— 25000
— 12000

— avalue

The cross-s

this overcu]
overcurrent

[2t value of 1

NOTE 2
current with

protection dd

6.2 Arcp

Arc protection is covered by the requirements in 9.4.

This characteristics of the overcurrent protection device (I2t) corresponds\to the short-c

00 AZs for System A according to IEC 61851-23;
000 AZs for System C according to IEC 61851-23;

in A2s to be coordinated for any other d.c. EV charging station.

Ectional area of the live conductors of the vehicle power supply circuit upstream
rent protection device (to vehicle inlet) shall be designed according to the rating-g
protection device of the vehicle power supply circuit.

he live conductors shall be calculated according to IEC 60346-4-43.

btand rating of the live conductors of an external electric power supply, if o'additional overcu
vice is provided, see e.g. IEC 61851-23.

rotection for d.c. connections

from
f the

ircuit
rrent

ored
h are
0-1).

ards.

ype),
mply

400,

6.3 Residual energy after disconnection

One second |after having disconnected the vehicle from the external electric power supply, the sf
energy at the voltage class B live parts at the plug (cas€:A) or vehicle inlet (case B and case C), whic
not protectdd at least by IPXXB in accordance with ISO20653, shall be less than 20 | (see IEC 6095
NOTE Cicuits whose voltages are safe to touch cafbecome hazardous with respect to energy related haz
7 Specifjc requirements for the\vehicle inlet, plug, and cable

7.1 Requirements for the plug-and cable

For mode 1 aind mode 2, the plug’(case A) shall comply with IEC 60309-1, IEC 60309-2 (industrial
IEC 60884-1 (domestic type),-or relevant national standards. For mode 3, the plug (case A) shall co
with IEC 62196-1.

NOTE1 Fdr mode 3,\the use of a plug specified in [EC 62196-2 is recommended.

NOTE 2  In[some countries, specific cable types are required by national regulations: US (NFPA 70 article
type cable EY, EVJ] families).

7.2 Requirements for the vehicle inlet

The vehicle inlet (case B and case C) shall comply with IEC 62196-1.

NOTE 1

NOTE 2

12

For an a.c. connection, the use of a vehicle inlet specified in [EC 62196-2 is recommended.

For a d.c. connection, the use of a vehicle inlet specified in IEC 62196-3 is recommended.
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8 Additional requirements for a.c. electric power supply

8.1 Standard a.c. external electric power supply conditions for operation in service

Vehicle power supply circuits shall not exceed their rated performance within a range of (+10
and -15) % of the rated supply voltage at the connecting point. The rated value of the frequency is
50Hz +1 % or 60 Hz + 1 %.

NOTE

8.2

This voltage range is derived from an application of values indicated in IEC 60038 and IEC

Currentcharacteristics

60364-5-52.

8.2.1

For n

For mnode 2 and mode 3, the vehicle shall ensure that the vehicle load current does not

maxi
NOTH
If thd

single phase a.c. only and the vehicle shall ensure that the vehicle' load current does not exc

The
digit

NOTH
NOTH

For a

coding of the cable assembly specifiedin’IEC 61851-1, the vehicle system shall ensure tha

load

8.2.2
The i

I
\

The currentshall decline and not exceed the limit of the event 2 at 100 ps.

Load current

hode 1, the vehicle shall not draw a current exceeding 16 A per phase.

mum current given by the PWM indication of the control pilot functioh according to IE
1 1EC/TS 62763 is available until IEC 61851-1 edition 3 is publishéd.

vehicle is using a simplified control pilot function according to [EC 61851-1, it shall k

vehicle system shall ensure that the charge current:does not exceed the limit value

hl communication, if used, in accordance with ISO/FEC 15118 series.
2 The EV supply equipment may cut off the power in case the EV load current exceeds the PW
3 Insome countries, the use of simplified pilot function is not allowed: US.

vehicle using the proximity functioni¢ontact of the vehicle inlet for simultaneous curre

current does not exceed the indieation of current capability coding.

Inrush current
nrush current shall Be)limited by the vehicle as follows.

kvent 1: after closing the contactor in the EV supply equipment at the peak value o
roltage, the cufrent in each live conductor shall not exceed 230 A peak within the durati

vent 2:-during the pre-charging of the capacitor in the charger, the current in each liy
hall ot exceed 30 A (rms). The absolute value of the current peak shall not exceed

(e.
NOTE

exceed the
C 61851-1.

e limited to
ced 10 A.

provided by

M indication.

ht capability
[ the vehicle

f the supply

on of 100 ps.

e conductor

V2 x 30 A)

QA

5. IEC 61000

other relevant standards
not exceed 1 s.

The inrush current is caused by the following two phenomena: During event 1, the inrush current

is caused by the EMC filters upstream of the charger power-electronics. During event 2, the inrush current is
caused by the capacitance of the d.c. circuit (d.c. voltage link) of the charger power electronics.

Even

t 2 does not necessarily follow event 1 immediately.

Compliance shall be tested in accordance with 12.5.
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8.3 D.C. fault currents

For mode 1, at least one of the following requirements shall be fulfilled to ensure a proper function of a
RCD in the fixed electrical installation:

— vehicle power supply circuit shall ensure by its design that a d.c. fault current of 6 mA or above this
limit cannot occur in a single failure condition;

vehicle shall detect d.c. fault currents at the vehicle power supply circuit when connected to the

external electric power supply. In case of d.c. fault currents exceeding 6 mA, the circuit supplying
the d.c. fault current shall be switched off. Reaction time of switching off the circuit in case of a d.c.

fault ex

cl‘\r\" nni‘ nvnnnr] (\ 2c "IY\I“ avca

300 mA|

A seey T oo ot eX e oo oxceeorr

canding A mAchall nat aveand 10 ¢ nvnnaﬂIhg ﬁn m/\

OO A=Tas -

shall not exceed 0,04 s. Analysis and design shall be in accordance with ISO 26262 6r

applicalple standards.

8.4 Toucl

The touch c
connected t

Compliance

8.5 Unint

An unintend

1 current

irrent of the vehicle shall not exceed 3,5 mA (rms) a.c. and 10 mA d.c.' when the vehi
D an a.c. supply network (mains).

shall be tested in accordance with 12

rended reverse power flow

led reverse power flow from the vehicle to the external electric power supply shall n

permitted under normal operation and single failure conditions,

8.6 Powaer factor

The distorti

The displacq
rated power

The complig
the operatin

NOTE

8.7 Locki

When equip
provide an 3

When equip
under load,

pon power factor of the vehicle power supply circuit at the rated power shall be at least

ment power factor shall be at least 0,9 unless the power consumption is less than 5 %
or 300 W whichever is higher.

nce may be checked at thewrelevant component level with the resistive load connect
g power range of the DUT,

The operating power rarige ¢an include power ranges and power steps on the vehicle.

ng of the vehicle connector

ped with-a\wehicle inlet that is not intended for disconnection under load, the vehicle
ppropriate interlock function.

ped\with a vehicle inlet according to IEC 62196-2 that is not intended for disconne

ding
ther

cle is

pt be

0,95.
fthe

ed at

shall

ction

thevehicle shall provide an interlock function as described in IEC 62196-2.

— When the proximity detection circuit is used for such an interlock function, the vehicle shall stop
power supply operation and reduce its load current below or equal 1 A within 100 ms after actuation
of the switch in the proximity detection circuit.

— When locking is used for such an interlock function, the vehicle shall inhibit release of the vehicle
connector while power supply operation or a load current exceeding 1 A.

NOTE

14

The proximity detection circuit is specified in [EC 61851-1.
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Additional requirements for d.c. electric power supply

Disconnection device

A disconnection device shall be provided at the d.c. vehicle power supply circuit.

This disconnection device shall withstand an inrush current according to system specific requirements
of IEC 61851-23.

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

The Jiisconnection device shall be controlled in accordance with the system specific sequenlce diagrams
of IEC 61851-23.

For system C according to [EC 61851-23, the voltage difference between both sidesof the di
devige shall be lower than 20 V d.c. before the vehicle closes its disconnectiondevice.

9.2
The

9.3

Control pilot functions

Vehicle shall provide control pilot functions in accordance with dEC 61851-23.

Vehicle isolation resistance monitoring system

If the vehicle is equipped with a vehicle isolation resistanice monitoring system which n

vehigq

an irfsulation monitoring device (IMD) of a d.c. EV*charging station. The vehicle may de
isolafion resistance monitoring system to avoid such interference.

NOTH Switching off the vehicle isolation resistance monitoring system is a permitted ms
interference.

The

contribution of the resistance of-the vehicle isolation resistance monitoring system, if

be cansidered for the total isolation resistance of the vehicle power supply circuit.

9.4

Locking of the vehicle-¢onnector

For { vehicle using system-A or system B according to IEC 61851-23, the locking is provide
EV charging station.

For g vehicle usingsystem C according to IEC 61851-23, the following requirement shall be

the vehicle shall lock the connector to the vehicle inlet at the beginning of the power sup
before.the vehicle changes the system state to state C in accordance with IEC 61851-1;

the'position of the mechanical locking means shall be checked after closing;

sconnection

honitors the

le power supply circuit, the vehicle isolation resistance monitoring system shall not infterfere with

hctivate the

ans to avoid

any, should

d by the d.c.

met:

ply process,

if the lock opens falsely, the vehicle shall change the system state of the control pilot function to

state B, according to the sequence diagrams as specified in IEC 61851-23, in order to
stop of the power supply process;

the vehicle connector shall not be unlocked unless the voltage at the vehicle inlet is bel
or 30 V a.c. (rms) and vehicle load current is less than 1 A;

in caseofachargingsystem malfunction,ameans fordisconnection specified by vehiclem
may be provided;

request the

ow 60 Vd.c.

anufacturer

if other options for a safe disconnect are available, information for the unlock procedure shall be

stated in the owner’s manual.
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9.5 A.C.or D.C. electric power at the same contacts

The disconnection device (see 9.1) shall interrupt all live conductors of the d.c. vehicle power supply
circuit. The relevant parts of the vehicle power supply circuits shall fulfil the requirements for a.c. and
d.c. electric power supply or they shall be disconnected by a mechanical disconnection device.

If the vehicle is using contacts for d.c. electric power supply at the vehicle inlet, which also can be used
for a.c. electric power supply, the vehicle shall connect its d.c. vehicle power supply circuit only to a d.c.
EV charging station if the following requirements are fulfilled:

— acommunication between the d.c. EV charging station and the vehicle that is required to start d.c.

electric

icactablichad

voltage
device,

the volt
during

In a single f
measureme

When conn
reverse d.c.
single failurj
disconnecti

The followi
— installa

more th

use of {
standan

use of ¢

pPovvrer—oTr TS to o TToTTeC;

at the vehicle inlet shall be measured and the vehicle shall only close its discenne
fad.c. voltage which complies with the requirement in 9.1 is detected;

age measurement circuit shall be monitored by plausibility check of measured vol
peration.

hilure condition of the d.c. power supply communication or d.c. voltage at the vehicle
ht, the vehicle shall not allow the disconnection device to close.

bcted to an external electric power supply, provision shall be taken that unintent
current flow does not occur from d.c. vehicle supply circuit through the vehicle inlet y
e condition. For this purpose, single failure conditionsin‘the d.c. vehicle supply circuit

bn device) and in the a.c. vehicle power supply circuit«(e.g. charger) shall be considered,

1g are examples of possible measures for vehicle:supply circuits:
Fion of supplemental diodes at all live conductors of the vehicle power supply circuit;
an one independent disconnection devices with independent control system for each;

afety related components in accofdance with appropriate standards or combinati
ds such as ISO 13849;

harger which provides basiginisulation by galvanic separation.

Analysis andl design shall be in accordance with ISO 26262.

The vehicle

— possiblg
infrastn

possibld

9.6 Conts

manufacturer shall-consider possible hazards, which include the following:

hazards in the)infrastructure resulting from d.c. current supplied by the vehicle t
ucture (e.g-fire of transformer) applying the severity level of at least S2;

hazards:in the vehicle resulting from a.c. voltage supplied by the infrastructure to the ve

ction

ages

inlet

ional
nder

(e.g.

bn of

b the

hicle.

jcttemperature at vehicle inlet

The vehicle inlet that is used for system C described in IEC 61851-23 shall withstand the vehicle
connector contact temperature limit of the vehicle coupler or the vehicle shall provide appropriate
means to limit the temperature to the maximum value specified by the vehicle manufacturer, taking
into account the coupler rating.

9.7 Overvoltage in case of a load dump

A temporary overvoltage caused by load dump in accordance with the system specific requirements of
IEC 61851-23 shall be considered for the relevant parts of the voltage class B electric circuit.

NOTE Load dump describes the transient behaviour when the RESS is suddenly and unintendedly
disconnected during electric power supply from the d.c. EV charging station.
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9.8 Unintended reverse power flow

An unintended reverse power flow from the vehicle to the external electric power supply shall not be
permitted under normal operation and single vehicle failure conditions.

9.9 Y capacitances

For system C according to IEC 61851-23, the Y capacitances of the vehicle power supply circuit shall be
less than 2 pF per line conductor for supply voltage up to at 500 V d.c.

10 Qperational requirements
Vehi¢le movement by its own propulsion system shall be impossible as long as the vehicle |s physically

connfected to the external electric power supply (see ISO 6469-2).

11 Owner’s manual and marking

11.1 Owner’s manual
Specjal attention shall be given in the owner’s manual to aspects‘specific to the vehicle.

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

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

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

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

NOTH Marking used for voltage class B components according to ISO 6469-3 is not requiired and not
recothmended for the part of the vehicle inlet which is visible for the user.

12 Test procedure

12.1 General note‘on tests

All tgsts are type tests.

12.2 Resistance of protective conductor

The resistance of the path used for protective conductor connection shall be tested with aftest current
of at minimum 200 mA and a voltage <24 V d.c. The test current shall be passed through the protective
conductor paths between the protective conductor terminal of the plug (case A) or vehicle inlet (case B
and case C) and any connected conductive part of the vehicle power supply circuit and the electric
chassis for at least 5 s. This path shall be isolated from other unintended potential paths for purpose of
the test. The measured resistance shall comply with the requirement in 5.2.

12.3 Isolation resistance test

12.3.1 Preconditioning and conditioning

Prior to the measurement, the device under test (DUT) shall be subjected to a preconditioning period
of at least 8 h at (5 % 2) °C, followed by a conditioning period of 8 h at a temperature of (23 + 5) °C, a
humidity of (80 to 95) % and an atmospheric pressure of (86 to 106) kPa.
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Alternative preconditioning and conditioning parameters may be selected provided that transition
across the dew point occurs shortly after the beginning of the conditioning period.

The isolation resistance shall be measured during the conditioning period in a rate from which the
lowest value can be determined.

12.3.2 Isolation resistance measurements at the vehicle inlet or plug

The test voltage shall be a d.c. voltage of at least the maximum supply voltage (peak) to the vehicle and
be applied for a time long enough to obtain stable reading.

The followir
supply circy

RESS sh

electric
than thd
the vehi

barriers

all expo

batterie
from th

electric

Then the tej
(case B and

The measur

Alternativel
measureme
external ele
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If the requi
vehicle on f{
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the individyl
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it at the plug (case A) or vehicle inlet (case B and case C):
all be disconnected from the vehicle power supply circuit;

power sources of the vehicle power supply circuit (or voltage class B electic’ circuit)
 traction batteries (fuel cell stacks, capacitors) may be disconnected at their terminals

wer

ther
from

cle power supply circuit; if they remain connected, power generationshall be deactivated;

and enclosures shall be included unless evaluations prove otherwise;

all live parts of voltage class B electric circuit of the DUT shall be cofihected to each other;

sed conductive parts of the DUT shall be connected to.thé electric chassis;

s of the auxiliary electric systems (voltage class A) shall be disconnected at their termlinals

b auxiliary circuits;

all live parts of the balance of auxiliary electric systems (voltage class A) shall be connected {|

chassis.

t voltage shall be applied between the power terminal at the plug (case A) or vehicle
rase C) and the electric chassis.

ements shall be performed using suitable instruments that apply the required d.c. test vo

[y, the isolation resistance_may be measured using the test procedure according t

ht of the RESS as in 1S0"6469-1 with the balance of electric power system connected
ctric power source ifapplicable.

juipment for measuring the insulation resistance is specified in IEC 61557-2.

rements for,the whole vehicle are not affected, the tests may be performed outsid
he components or parts of the vehicle power supply circuit individually instead
istance.of the whole circuit may be calculated using the measured isolation resistand
al components.

o the

inlet

tage.

the
[0 an

b the
The
es of

12.4 Withstand voltage test

12.4.1 General

One of the following tests shall be applied:

— thetest

the test

[t may be ne

18

shall be conducted for the vehicle power supply circuit with the RESS disconnected;
shall be conducted at the component level for all relevant components.

cessary to disconnect components such as RFI filters during a.c. voltage test.
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