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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of ISO dpcument should be noted. This document was drafted in accordance with the editorial rul

ISO/IEC
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.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.
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A list of

Any feedlback or questions on this document should be directed to the user’s national standards

complet

le name used in this document is information given for the convenience of users and

to conformity assessment, as well as information abeut ISO's adherence to the Worl
htion (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/forewd

bs of the

se of (a)

. ISO takes no position concerning the evidence, validity or applicability of any claimefl patent
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rument was prepared by Technical Committee~¥SO/TC 22, Road vehicles, Subcommitte
lly propelled vehicles.

h1l parts in the ISO 5474 series can be foundwon the ISO website.

e listing of these bodies can be foundat www.iso.org/members.html.
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Introduction

This document specifies requirements for the onboard side of an automatic connection system to charge
electric vehicles. It gives guidance in terms of safety and compatibility with the offboard side of automatic
connection systems.

Technological maturity:

It is pointed out, that this document has been established in parallel to the technological development of
automatic connection systems. Due to the fact that the experience with the technology is very limited,
the requirements given in this document do not comprehensively cover all aspects/requirements for an
interopgrabte operatiomratthis stage—Currentamdfuture product devetopmrents—wittcomtimoousiy prove,
disprove and refine the requirements of this document.

Furthermore, it is worthwhile to mention that at the date of publication of this document, no standard for a
vehicle doupler of category 3 (at the underbody of the vehicle) is available.

Relation|to other parts of the ISO 5474 series:

There is|no direct relation of content or structure of this document to any otherpart of the ISO 5474 series
(includipg ISO 5474-1). Wherever needed, other parts of the series are specifieally referenced.

© IS0 2024 - All rights reserved
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Technical Specification

ISO/TS 5474-5:2024(en)

Electrically propelled road vehicles — Functional and safety
requirements for power transfer between vehicle and
external electric circuit —

Part 5:

Automatic conductive power transfer

1 Scope

This do
connect
electricd

followinjg aspects:

— elec

— compatibility requirements;

— env
— fung
— test
This dod

— EVs
IEC

— EVs
und

NOTE 1

2, that can also be mounted atthe’underbody of the vehicle.

Require
and IEC

Require
not cove

NOTE 2

on for conductive alternating current (AC) and/or direct current (DGJ-power transfer
lly propelled road vehicles (EVs) and external electric circuits. This document addre

trical and mechanical safety requirements;

ronmental conditions;
tionality requirements;
procedures.

ument applies to:

supporting automatic connection“bf a vehicle inlet according to IEC 62196-2, IEC
TS 62196-3-1 or IEC TS 633791 (category 1) and

rbody of the vehicle) accerding to IEC TS 61851-26.

IEC TS 61851-26 does-notinclude automatic connection of vehicle inlets or plugs of category 1 and

ments for EVs equipped with an ACD or ACD counterpart of category 2 are specified in E
634072).

red in-this document.

Requirements for ACD infrastructure, communication sequence and communication interface are

cument defines requirements for the onboard system (vehicle side) related to the afitomatic

between
sses the

b2196-3,

supporting automatic connection of a category 3 vehicle inlet or category 3 plug (typically at the

category

N 50696

ments forsimultaneous operation of multiple power transfer interfaces are under consideration and

specified

in[EC 61

NOTE 3

51-23-1, IECTS 61851-26 and IEC TS 61851-27.

EMC requirements for vehicles conductively connected to the supply network are defined in IEC 61851-21-1.

1) Under preparation. Stage at the time of publication: IEC TS/CDM 63379:2023.
2) Under preparation. Stage at the time of publication: IEC/CDM 63407:2023.
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2 Normative references

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

1SO 5474-13), Electrically propelled road vehicles — Functional requirements and safety requirements for power

transfer

— Part 1: General requirements for conductive power transfer

IS0 5474-2%), Electrically propelled road vehicles — Functional requirements and safety requirements for power

transfer — Part 2: AC power transfer

ISO 54-7‘--3':), Ftectr l.(,ul,l:V 1 U[JUHCUI roud-vehicles=—furnctionatT cquil ermemnts Tt oufcf_y 7 Cqu[l t:lm:mf.)f)r power
transfer— Part 3: DC power transfer

[SO 10218-1:2011, Robots and robotic devices — Safety requirements for industrial robots — Part 1: Rpbots

[SO 121

IECTS 6
connecti

IECTS 6
connecti

0:2010, Safety of machinery — General principles for design — Risk assessment and risk redud

1851-269), Electric vehicle conductive charging system — Part 26: EV supply equipment with au
pn of a vehicle coupler located at the underbody of an electric vehicle

1851-277), Electric vehicle conductive charging system — Part 27: EV,supply equipment with ay
pn of a vehicle coupler according to IEC 62196-2 or IEC 62196-3

For the
[SO and
— ISO
— IEC
31

3 Tellms and definitions

urposes of this document, the terms and definitions given in ISO 5474-1 and the following
[EC maintain terminology databases for use in statidardization at the following addresses:

Online browsing platform: available at https:/fwww.iso.org/obp

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

ACD onboard system

system
combing

3.2
automa
ACD
active d¢
is made

Note 1 to
seen asp

Note 2 to

with automatic docking (3.6) ‘and undocking (3.14) functions installed in a vehicle and
tion with an automatic EV supply equipment (3.3)

fic connection device

bvice where the-physical connection between an electric vehicle (EV) supply equipment an
without user interaction providing an electromechanical interface

entry: Preparatory steps taken by the user to allow for automatic charging (e.g. opening inlet cove
art ofiestablishing the physical connection.

entry: This term is derived from the term automated connection device.

rtion

tomated

tomated

hpply.

used in

1 vehicle

F) are not

[SOURCE: IEC 61851-23-1:—38), 3.1.203, modified — The original term was "automated connection device"
and Notes to entry were added.]

3) Under preparation. Stage at the time of publication: ISO/FDIS 5474-1:2024.
4) Under preparation. Stage at the time of publication: ISO/FDIS 5474-2:2024.
5) Under preparation. Stage at the time of publication: ISO/FDIS 5474-3:2024.
6) Under preparation. Stage at the time of publication: IEC/CD TS 61851-26:2023.
7) Under preparation. Stage at the time of publication: IEC/CD TS 61851-27:2023.
8) Under preparation. Stage at the time of publication: IEC/CDV 61851-23-1:2023.

© IS0 2024 - All rights reserved
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automatic EV supply equipment
electric vehicle (EV) supply equipment with automatic docking (3.6) and undocking (3.14) functions

3.4

communication for docking and undocking
communication between the supply equipment communication controller (SECC) (3.13) and the electric vehicle
communication controller (EVCC) (3.7) for docking (3.6) and undocking (3.14)

3.5

communication for power transfer
communication session established between the supply equipment communication controller (SECC) (3.13)

and the flectric vehicle communication controller (EVCC) (3.7), used for charging control

3.6

docking

process [in which a manipulator (3.9) performs a controlled motion and mates either a plug/to a socket-outlet
or a vehicle connector to a vehicle inlet

Note 1 to|entry: Other actuators in addition to the manipulator might be used, e.g. for opening of the inlet coyer or for
drawing the vehicle connector into the vehicle inlet.

3.7

EV communication controller

EVCC

embedded system, within the electric vehicle (EV), that implementSthe communication between the EV and
the supplly equipment communication controller (SECC) (3.13) in order to support specific functions

Note 1 tp entry: Such specific functions could be, e.g. controlling“input and output channels, encryption, or data
transfer between EV and SECC (3.13).

[SOURCE: ISO 15118-1:2019, 3.1.31, modified — “vehicle” was replaced by “electric vehicle”.]

3.8

immobilization

inhibitign of vehicle movement by its own propulsion system

3.9

manipullator

maching, the mechanism of which usually consists of a series of segments jointed or sliding relative to one
another,| for the purpose of grasping and/or moving objects (pieces or tools) usually in several dggrees of
freedom

[SOURCE: ISO/TR 110651992, 387, modified — Second sentence deleted.]

3.10

mating space

spatial gnvelope-of points with specified range of orientations where mating of the vehicle conneftor and
vehicle ipnlet or plug and socket-outlet is possible

3.11

package space

Space ar

3.12

ound the vehicle inlet or socket-outlet where no obstacles are allowed

point to point signal

P2PS

unidirectional wireless link between the electric vehicle (EV) and automatic EV supply equipment (3.3)

Note 1 to entry: The P2PS is used for identification and for position detection of vehicle inlet or socket-outlet in the
context of docking (3.6).

EXAMPLE Image recognition with camera-based inlet detection.

© IS0 2024 - All rights reserved
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[SOURCE: IEC 61980-2:2021, 3.17, modified — “EV device” changed to “EV”, “supply device” changed to “EV

supply e
3.13

quipment” and Note 1 to entry added.]

supply equipment communication controller

SECC

entity which implements the communication to one or multiple electric vehicle communication controller(s)
(EVCC) (s) (3.7)

Note 1 to

entry: Further details regarding possible architectures are given in ISO 15118-1:2019, Annex A.

Note 2 to entry: Functions of a supply equipment communication controller can control input and output channels,

hod #7alaldo MaAY A Cooo (0 49

data encr

[SOURCH
is deletd
llmay" iS

3.14

undock
process
outlet o

Note 1 tg
ejecting 4

4 Sys

4.1 G

To establish a general baseline for the requirements defined in this document, the automatic chargin

is struct
structur

NOTE

43 dato i £ 1 i £l
leLlUll, Ul udtia tIalloITh UDTUWUETIT ULIICT L VUL (J.7 Jallu JLUU (J. 14 ).

£: SO 15118-1:2019, 3.1.68, modified — “and which may be able to interact with secondary
d, Note 1 to entry is deleted, in Note 2 to entry “ISO 15118-1:2019” is added and in.'Noete 3
replaced by “can” and “vehicle” is replaced by “EVCC”".]

ing
in which a manipulator (3.9) performs a controlled motion and unmates €ither a plug from
a vehicle connector from a vehicle inlet

entry: Other actuators in addition to the manipulator might be usedye.g- for closing of the inlet co
he vehicle connector from the vehicle inlet.

tem architecture

bneral

ured into functional entities. Figure 1 shows an example of the system architecture ing
e of functional entities.

The same example of system architecture is used in IEC TS 61851-26 and IEC TS 61851-27.

r actors”
to entry

h socket-

er or for

b system
luding a

© IS0 2024 - All rights reserved
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25

n of the

ws show
tity uses

~(13.10K, =2~ €2 123, s q
13 W 23 o
1L pp--1__KN
oo
100 K > 14 K S 24 200
Key
10 adtomatic EV supply equipment 20 EV
11 manipulator
12 supply equipment P2PS controller 22 EV P2PS controller
13 s:lgply equipment communication controller (SECC) .23 EV communication controller (EVCC)
13.1 SHCC.docking and undocking communication function® 23.1 EVCC.docking and undocking function
13.2 SHCC.power transfer communication function 23.2 EVCC.power transfer communication fungction
14 vehicle connector 24 vehicle inlet
25 ACD onboard system
100  supply network 200  vehicle power supply circuit
1001 ddcking and undocking functiontof the automatic EV2001 docking and undocking control functid
supply equipment ACD onboard system
A pgwer transfer C docking and undocking communication
B pgwer transfer communjcation D P2PS signalling
NOTE 1 [ The dashed arrews symbolize communication links, small squares located on both ends of arrdg
connectipg points of those and the arrows from boxes 1001 and 2001 symbolize that one functional en
another gne.
NOTE 2 | Detailssabout the components included in the vehicle power supply circuit are given in ISO 5474-1
NOTE 3 | Figure 1 is not meant to give an indication on hardware packaging.
NOTE4  P2Pssignalling is shown with two unidirectional arrows as it is not yet finalized.

Figure 1 — Example of system architecture with manipulator on automatic EV supply equipment

side

© IS0 2024 - All rights reserved
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A
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A

21

h power
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n of the

ws show
tity uses

»(13.10¥, - -C: :::‘:@< q
13 W 23 D
1L pp--1__KN
(B 2y=pea
100 K A > 14 K S 24 200
Key
10 adtomatic EV supply equipment 20 EV
21 manipulator
12 supply equipment P2PS controller 22 EV P2PS controller
13 s:lgply equipment communication controller (SECC) .23 EV communication controller (EVCC)
13.1 SHCC.docking and undocking communication function® 23.1 EVCC.docking and undocking functio
transfer communication function
13.2 SHCC.power transfer communication function 23.2 EVCC.power transfer communication fun|
14 socket-outlet 24 plug
25 ACD onboard system
100  supply network 200 vehicle power supply circuit
1001 ddcking and undocking functjenoef the automatic EV2001 docking and undocking control functid
supply equipment ACD onboard system

A pdwer transfer C docking and undocking communication
B pgwer transfer commuii¢ation D P2PS signalling
NOTE 1 | The dashed.arrows symbolize communication links, small squares located on both ends of arrd
connectipg points of-those and the arrows from boxes 1001 and 2001 symbolize that one functional en
another ¢ne.
NOTE 2 | Details about the components included in the vehicle power supply circuit are given in ISO 5474-1
NOTE 3 Efgure 2 is not meant to give an indication on hardware pnrknging
NOTE4  P2Pssignalling is shown with two unidirectional arrows as it is not yet finalized.

5 Environmental and operational conditions

Figure 2 — Example of system architecture with manipulator on EV side

The environmental and operational conditions according to ISO 5474-1 apply.

© IS0 2024 - All rights reserved
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In case of a vehicle inlet or plug at the underbody of the vehicle, the EV shall provide measures to limit the
pollution of that vehicle inlet or plug to the maximum pollution degree the vehicle inlet or plug is designed

for.

6 General safety requirements

6.1 General

Unless o

therwise specified in this document:

— the requirements of ISO 5474-2 shall apply in combination with the requirements of ISO 5474-1 in case

of A

— the
of D

6.2 C(Cd
If the m

— and
only

— the
dev

6.3 Py

6.3.1

The ford
moved f

the acce
shall be

Safety shall be assured by following the three-step method according to ISO 12100:2010, Clause 6.

It is recd
to ISO 1]

When the above recommeéndation is not applied to assure safety, protective measures shall be

accordir]

In case

transient contact'shall be according to Table 1.

NOTE

C power transfer and

Fequirements of ISO 5474-3 shall apply in combination with the requirements of ISQ~5474-
C power transfer.

pmpatibility with interlock of the automatic EV supply equipment
inipulator is attached to the EV:

if the automatic EV supply equipment is equipped with a mechanicalinterlock, the manipula
unmate when the latching device is disengaged and

maximum force of the manipulator for unmating shall be below the retaining force of the
ce of the automatic EV supply equipment.

otection against mechanically caused injury

Limitation of force

e and pressure created by the movement.\of accessible parts of the vehicle that are autor
br docking or undocking shall be limitedto values that are considered non-hazardous acca
5sibility of the area (e.g. restricted /unrestricted access) where the vehicle is operated. Theg
maintained both under normal cenditions and under conditions of single failure.

mmended to assure mechanical safety by having applied step 1 of the three-step method a
2100:2010, Clause 6.

g to SO 10218-1:2011, 5.4.

bf unrestricted access, the maximum permissible pressure and force, resulting of quasi

The values are based on EN 12453:2017+A1:2021, 5.2.1.6 and EN 12453:2017+A1:2021, Annex A.

| in case

tor shall

latching

natically
rding to
e values
ccording

hssessed

static or

Table 1 — Maximum permissible forces

Type of contact Maximum permissible force
Quasi static contact 150 N, automatically reduced to 25 N after maximum 5 s
Transient contact 400 N forup to 0,75 s

Conformance shall be shown by calculation or by test.

© IS0 2024 - All rights reserved
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6.3.2 Maximum velocity and energy

The maximum velocity of accessible parts of the vehicle that are automatically moved for docking or
undocking shall not exceed 250 mm/s.

NOTE 1
A higher

NOTE 2

7 Fur

The requirement is based on ISO 10218-1:2011, 3.19.2.
velocity is allowed if the kinetic energy does not exceed 1,69 J.

The requirement is based on EN 16005:2012, 4.6.4.1.

ctional requirements

7.1 Vd

A vehicl¢ may be equipped with a vehicle positioning system.

hicle position

The specifications in this document assume that the dimensions of the mating \space in compbination

with typical tolerances in parking position allow for mating without additional guidance of th

Addition

specification used in IEC TS 61851-26 and IEC TS 61851-27.

7.2 Compatibility with vehicle inlet position detection by the-automatic EV supply
equipnjent

al guidance can be offered for convenience reasons. This option is considered in the commu

b driver.
nication

During docking, the vehicle should turn off potential sources of disturbance (e.g. artificial inlet illunination

for custpmer support) for the detection of the position of the vehicle inlet by the automatic E

equipmd

7.3 Mpanipulator requirements

7.3.1 [General
If the vehicle is equipped with a manipulatoryit shall only move the manipulator:

— aftef the vehicle is immobilized in a position such that the manipulator can reach the mating spa
socket-outlet, see IEC TS 61851=26;

— aftef establishing communication with the automatic EV supply equipment and having

conf

— within the packagespace specified for automatic conductive power transfer with the socket-ou

NOTE 1

transfer with thesocket-outlet is not specified in the product standard, see IEC TS 61851-26 for information.

— out{

Veh]cle uses obstacle detection.

nt.

irmation that the autematic EV supply equipment is compatible and ready for docking;

If the vehiele is equipped with a plug where a specific package space for automatic conducti

/ supply

ce of the

received

tlet and

ye power

idethe package space specified for automatic conductive power transfer with the socket outlet if the

If the vehicle is equipped with a manipulator, the manipulator shall be designed such that a movement/
displacement according to 7.7.2 does not cause a damage to any part of the vehicle or the automatic EV supply
equipment or lead to an unsafe situation during mating, unmating and power transfer.

NOTE 2

The ground clearance of the EV can be reduced actively (e.g. by air suspension systems) considering related
safety requirements, accordingly.

© IS0 2024 - All rights reserved
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7.3.2 Manipulator timing consideration

The ACD onboard system shall consider the timing specification for the manipulator operations according to

IECTS 6

NOTE

1851-26 and IEC TS 61851-27.

Without timing considerations, collisions with automatic closing or opening covers could occur.

EXAMPLE Latching or unlatching could be initiated too early or too late, respectively.

7.4 Mating space and package space

7.4.1

eneral

7.4.1.1
The veh

No vehi
undocki

7.4.1.2
See 7.3.

NOTE

7.4.2

IEC 621
vehicle (

For vehi
product

NOTE

7.5 M

The veh
(plug or

— loss
— faily
— faily

The EV {

Manipulator attached to the automatic EV supply equipment
cle inlet shall be located within the mating space before the vehicle requests for,mating.

Cle parts shall be located within the package space when the vehicle requests for mat
hg is finished.

Manipulator attached to the vehicle

See sequence diagrams in IEC TS 61851-26 and IEC TS 61851-27-for more information about mating

Package space dimensions

D6-2, IEC 62196-3 and IEC TS 63379 specify a . package space intended for manual matirn
onnector.

Cle inlets, where a specific package space intended for docking and undocking is not specifi
standard of the vehicle inlet, see IEC TS®1851-26 and IEC TS 61851-27 for information.

IEC 62196-2, IEC 62196-3 and IEC TS(63379 do not use the specific term “package space”.

anual undocking

cle shall allow a procedureé for manual undocking of the manipulator and the attached a
vehicle connector), which can be operated in any of the following cases:

of power supplyofithe automatic EV supply equipment;
re of the automatic EV supply equipment;
re of the\automatic undocking function of the vehicle.

hall.provide manual operation for components (e.g. manipulator or covers) that can cause

while dy

ng until

r request.

g of the

bd in the

fcessory

h hazard

iving if automatic connection fails. This manual operation shall allow the user to manually

' put the

EV to a safe state.

Instruct

ions shall be given in the manual.

7.6 ACD operation process and communication

According to IEC TS 61851-26 and IEC TS 61851-27 the ACD operation process is modelled as an ACD session,
which is organized by a sequence of activities. These activities are executed respectively supported by
communication between the EVCC and the SECC, but also imply additional hardware requirements for

© IS0 2024 - All rights reserved
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components of a vehicle beyond the specifications in this document. The requirements for a vehicle related
to the execution of the activities are described in IEC TS 61851-26 and [EC TS 61851-27.
NOTE The sequence descriptions in IEC TS 61851-26 and IEC TS 61851-27 also cover requirements to verify

compatibility as well as requirements related to the readiness of the inlet or socket-outlet for mating, which includes
cover operations.

7.7 Mechanical operational requirements

7.7.1 Mounting position of the vehicle inlet

The vehicle-inlet shall be mounted in a position that can be reached hy the mnnipn]afnr of the autamatic EV
supply equipment.

The manipulator of the automatic EV supply equipment can reach only vehicle inlets whichare pdsitioned
within the mating space as specified in IEC TS 61851-26 or IEC TS 61851-27.

7.7.2 Movement/displacement of immobilized vehicle

7.7.2.1 | Movement/displacement of immobilized vehicle with the manipulator attached to the
automatic EV supply equipment

The moyement/displacement of the vehicle inlet of an immobilized vehicle shall not exceed the vyalues of
Table 2 yinder normal operating conditions.

NOTE 1 | Automatic EV supply equipment according to IEC TS 61851-26 and IEC TS 61851-27 consider these
moveme;tts/displacements during mating, unmating and during power transfer. In addition, measures related to
movemeits outside the values given in Table 2 are in the responsibility of the manufacturer of the automatic EV supply
equipment.

NOTE 2 | Requirements related to immobilization withinthe sequence of the ACD operation process arg given in
IEC TS 61851-26 and IEC TS 61851-27.

Table 2 — Movement of vehicle inlet of passenger cars

Parameter Value Remarks
AX +20 mm Possible movement of vehi-
cle while gearshift in “P”
AY +7 mm
AZ +70 mm Considering loading/
unloading the vehicle the
position of the inlet in
z- direction can vary by
70 mm between the fully
loaded and fully unloaded
situation.
Ayaw £1° movement around z-axis
l:\l U}} izo lllUVClllCllt dl Uulld A'cl}&ib
Apitch +2° movement around y-axis

The movements/displacements given in Table 2 may occur simultaneously in different directions and angles.

X-, Y- and Z-direction in Table 2 are in accordance with the directions of the axes in ISO 4130. The origin of
rotation for the yaw, roll and pitch angle given in Table 2 is the tip of the PE pin of the inlet.

NOTE3  Movements/displacements in z-direction and the movements around the axes given in Table 2 are included
in the mating spaces in IEC TS 61851-26 and IEC TS 61851-27.

NOTE4  Requirements for abnormal condition where the specifications for movement/displacement are exceeded,
e.g. caused by a flat tire, crash or an earthquake, are under consideration and not covered in this document.
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NOTES5 See Annex A for inlet position and movement/displacement for heavy duty vehicles.

7.7.2.2 Movement/displacement of immobilized vehicle with the manipulator attached to the EV

The vehicle manufacturer shall specify the movement/displacement of the immobilized vehicle that is not
exceeded under normal operating conditions.

This movement/displacement shall not cause:
— an interruption of power transfer; nor

— adamage to any part of the vehicle or the automatic EV supply equipment; or

— an ynsafe situation;
during mating, unmating and power transfer (see 7.3).

NOTE Requirements for abnormal condition where the specifications for movement/displacement are ¢xceeded,
e.g. caus¢d by a crash or an earthquake, are under consideration and not covered in this document.

7.7.3 Forces during mating and unmating

The vehjcle inlet shall resist the forces of the manipulator of the automatic’EV supply equipmenit during
mating as specified in [EC TS 61851-26 or [EC TS 61851-27.

8 Owpner's manual and markings and instructions

The manual shall provide information about manual undocking, see 7.5.

9 Test procedure

Testing requirements are under consideration and-not covered in this document.
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