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Part 3: Particular safety and interoperability requirements for battery

swap systems operating with removable RESS/battery systems

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization ¢omy
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote internd
coloperation on all questions concerning standardization in the electrical and electronic fields’ 6 this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications| Technical Rq
Pdblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC_-Publication(s)”).
préparation is entrusted to technical committees; any IEC National Committee interested,in)the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with thestntefnational Organizat
Stpndardization (ISO) in accordance with conditions determined by agreement between the two organizati

2) THe formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an interna

copsensus of opinion on the relevant subjects since each technical cammittee has representation fr

3)

4)

5) itself does not provide any attestation of conformity. Independent certification bodies provide conf

essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
rvices carried out by independent certification*bodies.

6)
7)

users should ensure that they have the“latest edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual exper
mbers of its technical committeestand IEC National Committees for any personal injury, property dam
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
blications.

8) ention is drawn to the Normative references cited in this publication. Use of the referenced publicati

ispensable for the-carrect application of this publication.

9) ention is drawnto the possibility that some of the elements of this IEC Publication may be the subject of

hts. IEC shall,not be held responsible for identifying any or all such patent rights.

A PA
of co

S is an.intermediate specification made available to the public and needing a lower
nsensus than an International Standard to be approved by vote (simple majority).
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The text of this PAS is based on the
following document:

This PAS was approved for
publication by the P-members of the
committee concerned as indicated in

the following document

Draft PAS

Report on voting

69/749/DPAS

69/772/RVDPAS

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standard.
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This PAS shall remain valid for an initial maximum period of 2 years starting from the publication
date. The validity may be extended for a single period up to a maximum of 2 years, at the end
of which it shall be published as another type of normative document, or shall be withdrawn.

In this document, the following print types are used:

— requirements: in roman type;
— test specifications: in italic type;

— notes: in small roman type.

A lis hicle

battery swap system, can be found on the IEC website.
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INTRODUCTION

EC 62840 series is published in separate parts according to the following structure:

IEC TS 62840-1: Electric vehicle battery swap system — Part 1: General and guidance

IEC 62840-2: Electric vehicle battery swap system — Part 2: Safety requirements

IEC PAS 62840-3: Electric vehicle battery swap system — Part 3: Particular safety and
interoperability requirements for battery swap systems operating with removable RESS/battery

systg

This
as a

NOTE|
batter

After
as P
parti
to th

For t

By t
IEC

ms

document derives from IEC 61851-3 (all parts) and was established by IEC TC 69 W
referencing document to IEC TS 61851-3-1.

In this document, EV supply equipment configuration type F according to IEC TS _61851-3-1 for rem
systems is named "battery swap station".

moving of the document to IEC TC 69 WG13, IEC TC 69 decided 1o publish the docu
AS based on IEC TS 61851-3-3 as an intermediate specification, which respon
tular market needs according to 2.4.8 of ISO/IEC Directives,,Part 1:2020, published
e development of a full International Standard.

his reason, this document is to be used in conjunction with IEC 61851-3 (all parts).

e upcoming revision of IEC 62840 (all parts),.this document will be fully integrated int
2840 series.

G10

vable

ent
s to
prior

D the
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ELECTRIC VEHICLE BATTERY SWAP SYSTEM -

Part 3: Particular safety and interoperability requirements for battery

swap systems operating with removable RESS/battery systems

1 Scope

This
wher
V DQ

NOTE|

This
RES
remo

Requ
part

document applies to battery swap systems for removable RESS of electric road Mg
connected to the supply network, with a rated supply voltage up to 480 V AC or-uprtd
, for battery systems with a rated voltage up to 120 V DC.

1 In the following countries, the acceptable nominal supply voltage is up to 600 V AC:{CAJ US.

document applies to battery swap systems for removable RESS/EV-where the remo
5/EV is stored for the purpose of transfer power between the battery swap station
vable RESS/EV.

irements for bidirectional energy transfer DC to AC are under consideration and ar
bf this document.

document applies to:

c);
anual, mechanically assisted and automatic systems;

bttery swap systems intended to supply removable battery systems having communic
lowing to identify the battery systeny characteristics;

bttery swap systems intended_ to,be installed at an altitude of up to 2 000 m.

The Ispects covered in this docgument include:

quirements for power transfer between the battery systems;
dditional requirements for communication;

e connection to_supply network.

ional requirements may apply to special locations.

document does not apply to:

hicle
400

able
and

b not

pttery swap systems supplied from on-site storage systems (for example buffer batferies

ation

fotv reauirements for mechanical eauinment covered by 1SO 10218 (all narts):
4 < N Rkl o 4 A i 77

— locking compartments systems providing AC socket-outlets for the use of manufacturer
specific voltage converter units and manufacturer specific battery systems;

— safety aspects related to maintenance;

— electrical devices and components which are covered by their specific product standards;

— trolley buses, rail vehicles;

— a

ny on-board equipment which is covered by ISO;

— EMC requirements for on-board equipment while connected to the supply, which are covered
by IEC 61851-21-1.

Requirements for battery swap systems using protective measures as covered by 410 of
IEC 60364-4-41:2005 other than double or reinforced insulation are under consideration.
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2 Normative references

2021

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.

IEC 60038, IEC standard voltages

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)

IE AOL20-100Q/AMD1:-4000

IEC

IEC ]
requ
- AC

IEC ]
requ
- Po

IEC ]
requ
- Ge

IEC ]
requ
— Prg

IEC 1
requ
- Vo

IEC 1
requ
— Ba

IEC ]

UIOZ I, TIUJIITYWVID T TIIJI

0529:1989/AMD2:2013

[S 61851-3-1:—, Electric vehicles conductive power supply system — Part 371 Part
rements for EV supply equipment where protection relies on double or reinferced insu
and DC conductive power supply systems

S 61851-3-2: —, Electric vehicles conductive power supply system— Part 3-2 Part
rements for EV supply equipment where protection relies on double‘or reinforced insu
'table and mobile DRI EV supply equipment?

S 61851-3-4: —, Electric vehicles conductive power supply system — Part 3-4 Part
rements for EV supply equipment where protection relies on double or reinforced insu
heral definitions and requirements for CANopen cemimunication?3

S 61851-3-5: —, Electric vehicles conductivezpower supply system — Part 3-5 Part
rements for EV supply equipment where protection relies on double or reinforced insu
-defined communication parameters and-general application objects*

[S 61851-3-6: —, Electric vehicles@onductive power supply system — Part 3-6: Part
rements for EV supply equipment-where protection relies on double or reinforced insu
tage converter unit communiéation®

[S 61851-3-7: —, Electfic~\vehicles conductive power supply system — Part 3-7: Part
rements for EV supply equipment where protection relies on double or reinforced insu
tery system communication®

[S 62196-4:—, .Plugs, socket-outlets, vehicle connectors and vehicles inlet — Condy

charging of electric vehicles — Part 4: Dimensional compatibility and interchangeg

requ

IEC ]

rements for DC pin and contact-tube accessories for class Il or class Ill applications

| S(62840-1:2016, Electric vehicle battery swap system — Part 1: General and guidan

cular
ation

cular
ation

cular
ation

cular
ation

cular
ation

cular
ation

ctive
bility

4

IEC 62840-2:2016, Electric vehicle battery swap system — Part 2: Safety requirements

1T Under preparation. Stage at the time of publication: IEC ADTS 61851-3-1:2021.

2 Under preparation. Stage at the time of publication: IEC ADTS 61851-3-2:2021.

3 Under preparation. Stage at the time of publication: IEC RPUB 61851-3-4:2021.

4 Under preparation. Stage at the time of publication: IEC RPUB 61851-3-5:2021.

S Under preparation. Stage at the time of publication: IEC RPUB 61851-3-6:2021.

6 Under preparation. Stage at the time of publication: IEC RPUB 61851-3-7:2021.

7 Under preparation. Stage at the time of publication: IEC BPUB TS 62196-4:2021.
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IEC TS 63066:2017, Low-voltage docking connectors for removable energy storage units

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

ISO 10218-2:2011, Robots and robotic devices — Safety requirements for industrial robots —
Part 2: Robot systems and integration

ISO 19353:2019, Safety of machinery — Fire prevention and fire protection

EN 1

Ire sarety Storage canlnets

EN 50604-1:2016, Secondary lithium batteries for light EV (electric vehicle) applications  Part
1: General safety requirements and test methods
EN 50604-1:2016/AMD1:2021

erms and definitions

ISO and IEC maintain terminological databases for use in standardization at the follgwing
addresses:

ry swap system
battgry swap station and supporting systems

[SOURCE: IEC TS 62840-1:2016, 3.2]

3.2
battery swap station
BSS
facility that provides a remoyable battery swap service for EVs and client

Note 1 to entry: In the context\of this document, BSS is representing the DRI EV supply equipment type F accprding
to IEQ TS 61851-3-1.

[SOURCE: IEC TS:62840-1:2016, 3.4 modified — Addition of Note 1]

3.3
supporting.system
systgmiwhich serves the battery swap station

[SOURCE: IEC TS 62840-1:2016, 3.3]

3.4

battery pack

energy storage device that includes cells or cell assemblies normally connected with cell
electronics, power supply circuits and overcurrent shut-off device, including electrical
interconnections, interfaces for external systems

Note 1 to entry: See Clause A.2 of ISO 12405-4:2018 for further explanations.

Note 2 to entry: Examples of external systems are cooling, voltage class B, auxiliary voltage class A and
communication

[SOURCE: ISO 12405-4:2018, 3.2]
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3.5

battery swap equipment

swap equipment

equipment used for mounting/unmounting removable battery system to/from EVs

Note 1 to entry: The battery transferring function may be integrated in the battery swap equipment

[SOURCE: IEC TS 62840-1:2016, 3.13, modified — SBS is replaced by removable battery
system.]

3.6

hanril—l_lng system L
equipment that provides the function of moving, positioning or otherwise manipulating
remgvable battery systems

Note 1 to entry: Handling system could be a part of BSS or external to the BSS.

3.7
battery control unit
BCU
electfonic device that controls, manages, detects or calculates elegtric and thermal functions of
the RQattery system and that provides communication between the battery system and pther
vehigle controllers

Note 1 to entry: See also Annex A for further explanation.

[SOYRCE: ISO 12405-4:2018, 3.1]

3.8
battery management system
BMS
local[ energy management system (EMS-unit) for the battery system, protecting the b3ttery
systgm from damage, monitoring and\increasing the lifetime, and maintaining the funcfional
state

Note 1 to entry: BMS and BCU (aceording to ISO 12405 all parts) do not have the same functions.

[SOURCE: IEC TS 61851-3-4, 3.7]

3.9
remqgvable battery system
remgvable RESS

RBS
batt%ry system/RESS that can be moved/removed from an EV by hand (portable RESS) of with

the assistance of an installation/device (mobile RESS)

3.10
RESS coupler
means enabling the connection of RESS to an EV or a DRI EV supply equipment

3.11

double or reinforced insulated EV supply equipment

DRI EV supply equipment

EV supply equipment in which protection against electric shock relies on double insulation or
reinforced insulation, there being no provision for protective earthing or reliance upon
installation conditions

[SOURCE: IEC TS 61851-3-1:—, 3.1.1]
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3.12

EV supply system
complete system including the DRI EV supply equipment and the EV/RESS functions that are
required to transfer power between the fixed installation or supply network and the EV/RESS

[SOURCE: IEC TS 61851-3-1:—, 3.1.2]

3.13

charging
all functions necessary to condition voltage and/or current provided by the AC or DC supply
network to assure the supply of electric energy to the RESS

[Soy

3.14

voltgge converter

set d
volta

[sou
the t

3.15
volta
VCU
volta

[SOU
3.16

DCp
circu

[soy

3.17
gate
func

[SOU
been

3.18

RCE: IEC 61851-1:2017, 3.1.8]

f equipment to convert one type of electric current to another type)different in ng
ge and/or frequency

RCE: IEC 60050-811:2017, 811-19-01, modified — The word<{yoltage" has been add

erm, and the words "static or rotating” has been deleted from,the definition.]

ge converter unit

ge converter with local EMS and communication(interface

RCE: IEC TS 61851-3-1:—, 3.1.8]

ower circuit
t for DC conductive power transfer

RCE: IEC TS 61851-3-15==/3.1.11]
ay
onal unit that connects two networks with different network architectures and protoc

RCE: IEC{60050-732:1998, 732-01-17, modified — The words "computer networks
replaced-by "networks" in the definition, and Note 1 and 2 have been deleted.]

ture,

ed to

Dls

has

energy management system

EMS

system consisting of active and passive devices for controlling the power transfer

[SOURCE: IEC TS 61851-3-1:—, 3.3.3]

3.19

active device
device connected to DC power circuit, AUX circuit and CAN circuit

[SOURCE: IEC TS 61851-3-1:—, 3.3.4]
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3.20
passive device
device connected to AUX circuit and CAN circuit

[SOURCE: IEC TS 61851-3-1:—, 3.3.5]

3.21

energy management system controller

EMSC

device or virtual device that manages the communication as well as the energy exchange

[SOURCE: IEC TS 61851-3-4:—, 3.9]

4 Abbreviated terms

BCU battery control unit

BM$ battery management system

BS$ battery swap station

EMBC energy management system controller
EM$ energy management system

HM human machine interface

SOC state of charge

SOf
VC|

state of health

— =

voltage converter unit
5 General requirements

The pattery swap system for removable battery systems described in this document ajlows
simu|taneous connection of removable battery systems to the BSS independent of their state
of chiarge (SOC), state of health"\(SOH), chemistry and performance.

EV spupply system configuration type F according to 6.7 of IEC TS 61851-3-1:— is considered
to be stationary equipment according to a) of 6.6 of IEC TS 61851-3-1:— (see also 7.2.1)

The BSS shall be rated for one or a range of standard nominal voltages as given in IEC 6(0038.

NOTE|1 In the(following countries, standard nominal voltages are given in CAN3-C235-83: CA.

For gxtreéme environment or other special service conditions, see IEC 61439-7:2018.

Unless otherwise specified, the tests shall be carried out in a draught-free location and at an
ambient temperature of 20°C + 5°C.

For robots and robotic devices and their integration into the BSS, a hazard identification and
risk assessment shall be provided according to Clause 4 of ISO 10218-1:2011 or
ISO 10218-2:2011 and under consideration of Annex A and Annex F of ISO 10218-1:2011 or
Annex A and Annex G of ISO 10218-2:2011 depending on the application.

NOTE 2 For BSS with more than one robot systems implemented in the same application, ISO 10218-2 is applicable.

Additional attention regarding hazards of fire shall be given by the risk assessment considering
ISO 19353:2019.

All tests indicated in this document are type tests unless otherwise mentioned.
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Unless otherwise specified, all tests shall be carried out in the order of the clauses and
subclauses in this document.

6 Classification

Clause 6 of IEC TS 61851-3-1:— is applicable except as follows.

Additional paragraph:

6.8 Automation level

Automation levels of the BSS are classified as follows:

- fu

|
(2]

—

Il automatic;

Bmi-automatic;

anual.

7 Requirements for battery swap system

7.1

A ba

General

tery swap system as covered by IEC 62840 (all parts)consists of:

— bpttery swap station (BSS), 7.2;
— sppporting systems (optional), 7.3;

—

e

Figur

¢movable battery systems, 7.4;
bwer supply system (optional), 7.5.

e 1 shows the composition of the battery swap system as defined in this documen

the relationships between the various systems.

NOTE|

Figure 1 in this document is different from Figure 1 of IEC TS 62840-1:2016.
20
°- ‘e 1
21
>
22 3
< 7~ N\t >
| 9*
8 4 | Sama— 2
< >
7 - » 4a l 4 >
PR
“« X > < » 5% & ]
JR——
» »6* ¢ — Y
T teeeeead
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handling system (7.2.3)

5

6 lane system (7.2.2)
7 EMSC
8

9

supply network

electric vehicle

20 mechanical connection

21 electrical connection

22 communication

optiormat

Figure 1 — Composition of the battery swap system

A battery swap system according to the use-case description of Annex A may- providé the
following functions (see also Table 1):

— bpttery system mounting and unmounting from/to the vehicle;

|
—

nansfer of the removable battery system within the BSS;

|
(7]

orage of the removable battery system in the BSS;
— ppwer transfer between removable battery system and sugply network; and

her functions.

|
@)

Exanpples of use cases for battery swapping are indi¢ated in Annex A. Battery swap sysftems
that porrespond to the identified use cases will be/composed of different components| with
diffeent levels of automation, storage and handling systems. For details, see also Table

Table 1 — Sub-system§ mandatory for use-cases

Sub-system Storage system Handling system Lane syqtem
Function Storage Power Mounting/ Transfer -
transfer unmounting

Use case = - - - -
Conyenience store device M M n.a. n.a. n.a.
(attended)
Unaftended locking M M n.a. n.a. n.a.
compartment DC
Batt¢ry exchange box M M n.a. n.a. O
Automatic batteryexchange M M M M M
box
Automatic.vehicle storage M M M M M
system
M: mandatory
O: optional
n.a.: not applicable

NOTE Unattended locking compartment only concerns DC power transfer.

7.2 Battery swap station (BSS)
7.21 General

EV supply equipment configuration Type F according to IEC TS 61851-3-1 for removable battery
systems is named in this document "battery swap station".


https://iecnorm.com/api/?name=063a1c910b727ce58cf740c632e26ec5

IEC PAS 62840-3:2021 © IEC 2021 - 15—

A battery swaps station as covered by IEC 62840 (all parts) consists of:

— lane system, 7.2.2;

— battery handling system, 7.2.3;

— storage system, 7.2.4;

— charging system, 7.2.5;

— supervisory and control system, 7.2.6.

A BSS shall be in accordance with 7.1.1, 7.2 and 7.3 of IEC TS 61851-3-1:—, if applicable.

NOTE|1 Exceptions regarding latching of the accessories according to 7.3.1 of IEC TS 61851-3-1:— arexgijen in
7.2.4.

NOTE|2 For compatibility check, see 7.3.1 of IEC TS 61851-3-1:—.

Compliance shall be tested by measurement according to 7.1.1, 7.2 and of 7.3,0£JEC TS 61851-
3-1:4-.

Anngx B shows examples of BSS wiring for removable battery systems:
Anngx C shows examples of BSS for stackable removable battery,systems.

7.2.2 Lane systems
Lane| systems (if any) are used to transfer and/or position the EV to the designated locatipn to

get ready for removable battery system handling. Lane systems are described in IEC 6284p (all
parts).

The lane system (if any) shall comply with 5:2 of IEC 62840-2:2016.
Compliance is checked according to 5:2°f IEC 62840-2:2016.

7.2.3 Handling system

The [handling system (if any)“is generally composed of a number of mechanical, elgctro-
mechanical and electric subassemblies that provide the transportation, mounting, unmoupnting
and pwapping of removable battery system. Such handling system may be internal t¢ the
enclgsure of the BSS'external to the enclosure or both.

Semi-automatic)or automatic BSS use handling systems to move or position removable bgttery
systgms within)or to the BSS. For further information, see also IEC TS 62840-1:2016.

The handling system consists of:

— swap equipment; and

— transferring equipment.

The swapping shall only be initiated when confirmation is obtained that the removable battery
system (and the EV, if applicable) is ready for swapping.

NOTE 1 Object 6002h (status word) according to IEC TS 61851-3-7:— can be used to provide the status of the
removable battery system to the EV and the BSS.

Compliance is tested by inspection of communication protocol.

The handling system shall ensure that the removable battery system is correctly placed and
latched or unlatched, if applicable, at each phase of the transport or movement. This includes
placement in the EV or in the storage system.
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NOTE 2 Object 6002h (status word) according to IEC TS 61851-3-7:— can be used to provide the status of the
removable battery system to the EV and the BSS.

Compliance is tested by inspection of communication protocol.

A handling system shall have, according to 5.3 of IEC 62840-2:2016, the function of detecting
presence of objects on the passage of the movement of the removable battery system that will
hinder the operation (e.g., another removable battery system). In addition, 5.10 of
ISO 10218-2:2011 shall be taken into consideration by establishing the risk assessment as
mentioned in Clause 5.

NOTE-3—Fhisfuretion-avoidsthata-battery-systermwill-betoaded—int manartoaont ubiob fo oleood, saied b
= S eHOR-aveteSthRata-Datte Sy ste-whroeroaacahtoa-cofmpartie Rt WwhteitS-arreaay-e66d Yy

another removable battery system.

Compliance is checked by inspection.

Handling systems shall have an emergency procedure according to 5.3 of IEC 62840-2:2016
wher] the removable battery system to be removed from EV or storage rackKis suffering from a
malfynction (for example, a contact welding malfunction, contact deformation, etc.)

Compliance is tested by applying the maximum withdrawal force as\described in the rel¢vant
docujnent of the used accessory to the parts of the accessory logated on the removable battery
systgm.

The pperator may control the handling system remotely,through the human machine intefface
(HMI) (see also 7.2.6).

NOTE|4 HMI is specified in Part 9 of CiA 454-9.

Handling system can be subject to national standards or regulations.

7.2.4 Requirements for storage system

The ptorage system is used to store the removable battery system safely and supports the
control of the status (monitoring).of the removable battery system (see PDO mapping entries
given in Table B.1 of IEC TS 64851-3-5:—) during:

— ppwer transfer between.removable battery system and BSS according to IEC TS 61851-3
(all parts);

— sjorage (without_power transfer).

The gtorage system consists of at least of the following elements:

|
(7]

orage-compartments or locking compartments following EN 14470 (all parts) consisting of:

o| RESS connector connected to a power supply/VCU (for additional information| see
Annex B):

e communication provided by virtual EMSC according to Annex B of IEC TS 61851-3-4:—

e communication provided by VCU according to Clause 5 of IEC TS 61851-3-6:—;
e sensors (if required);
e thermal management system (optional).

The storage system may provide storage compartments, which do not provide power transfer
between removable battery system and BSS.

Each removable battery system shall be connected to the EMS according to
IEC TS 61851-3-4:— as long it is stored in the storage system to control the status of the
removable battery system.
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Compliance is tested by inspection.
Each storage compartment shall be provided with an independent temperature sensor.

If temperature inside of the storage compartment is above 60 °C, power transfer from/to the
battery system shall be interrupted. An alarm (optical alarm up to reset and acoustical alarm for
120 s) shall be initiated. Automatic reset of the system shall be prohibited.

Compliance is tested by inspection and the following test.

— (‘hnrging of a load from the RESS caonnector The load may be inside or outside the
bmpartment.

he compartment temperature is increased by an artificial heat source.

c

Tl

Qurrent flow to the RESS connector shall be interrupted (independently ©f,the battery
electronics) and the alarm activated when the temperature exceeds 60°C,
7
"
4

he compartment temperature shall be decreased below 40 °C.
he current shall not be automatically reconnected within 2 h after’the transition Qelow
D °C.

The maximum fire load of each storage compartment shall be limjted up to maximum capacity
(at 1]°C) of 6 kWh of the removable battery system or the combination of removable battery
systgms by compatibility check.

Compliance is tested by performing compatibility check according to 8.2.3.4 of
IEC [TS 61851-3-4:— by simulation of the connection of a non-conform removable b3attery
systgm. See also 7.4.1.

Protgction against fire shall be provided by, at least T15 according to EN 14470 (all garts)
betwgen storage compartments.

Compliance is checked by inspection,
Protgction against fire can be.subject to national standards or regulations.

Vent(lation shall be prowided by construction or thermal management system accordipg to
manuyfacturer’s description.

Vent(lation can bel\subject to national standards or regulations.

Latching of:the accessories as mandatory function for power transfer according to 7.3.1 of
IEC TS,61851-3-1:— can also be provided by locking of the storage compartment (for example
door| lid)before start of the power transfer and unlocking storage compartment after stop ¢f the
power transter.

Power contacts of accessories (for example RESS coupler) of storage compartment shall only
be live if:

— door of storage compartment is locked;

— compatibility check according to 8.2.3.4 of IEC TS 61851-3-4:— is successfully completed.
Immediately after the following events, all active devices shall be disconnected from the DC
power circuit within 100 ms:

— door of storage compartment is unlocked;

— communication is lost (detected by a missing heartbeat according to 5.1.7 and 5.1.8 of
IEC TS 61851-3-5:—)
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— request to power off the device (according to 9.2.2 of IEC TS 61851-3-4:—).

Compliance is checked by inspection and, if necessary, by a test on the sample wired as in
normal use and an externally generated test sequence that simulates the fault conditions.

7.2.5 Charging system

In this document, the requirements for charging system are integrated into the requirements for
storage system completely. Subclause 4.2.5 of IEC TS 62840-1:2016 and Subclause 5.5 of
IEC 62840-2:2016 are not applicable.

7.2. Supervisory and control system

Supdrvisory and control system shall be implemented according to the operating principl¢s as
covefed by Clause 8 of IEC TS 61851-3-4:— and Clause 5 of IEC TS 61851-3-6,—~.

NOTE| For communication, see Clause 8.

A number of battery system objects are defined in [IEC TS 61851-3-5:—@nd IEC TS 618p1-3-
7:—.|In addition to the mandatory objects indicated in these documents, the following objects
are dlso generally required for the operation of a battery swap system:

— 6|2 of IEC TS 61851-3-5:—:

device actual external voltage (Object 6039h, 6.2.22);
— 6|5 0of IEC TS 61851-3-7: —:

o| battery system status (Object 6101h, 6.5.2);

o| battery system rated Ah capacity (Object 6103h, 6.5.3);
o| battery system manufacturer (Object.6109h, 6.5.8);

e| battery system maximum charge start temperature (Object 6120h, 6.5.11);
o| battery system minimum charge start temperature (Object 6121h, 6.5.12);
¢| battery system maximum diseharge temperature (Object 6122h, 6.5.13);

¢| battery system minimum(discharge temperature (Object 6123h, 6.5.14);

o| battery system maximum temperature for storage (Object 6124h, 6.5.15);

o battery system minimum temperature for storage (Object 6125h, 6.5.16).

The | operator may’ require further objects defined in IEC TS 61851-3-5:— | and
IEC TS 61851-3s72~—.

Application—~0objects relevant for fleet management are defined in Clause T of
IEC TS,61851-3-5:—.

7.3 Supporting systems (optional)
Supporting systems as described in 5.8 of IEC 62840-2:2016 are not used in this document.

7.4 Removable battery systems
7.4.1 General

Battery systems which are not conform with EN 50604-1:2016 and EN 50604-
1:2016/AMD1:2021 shall not pass compatibility check.

Compliance is tested by performing compatibility check according to 8.2.3.4 of IEC TS 61851-
3-4:— by simulation of the connection of a non-conform removable battery system.
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Battery systems with a maximum capacity not in accordance with 7.2.4 shall not pass
compatibility check.

Compliance is tested by performing compatibility check according to 8.2.3.4 of IEC TS 61851-
3-4:— by simulation of the connection of a non-conform removable battery system.

Monitoring (control of the status) of the removable battery system is covered by 7.2.4.

NOTE Removable battery system recommends by sending PDOs (see PDO mapping entries given in Table B.1 of
IEC TS 61851-3-5:—) optimal conditions for removable battery system (for example, to provide maintenance).

7.4.2 Interoperability requirements

Interpperability requirements for BSS and their implications on removable battery systemp are
shown in Table 2.

Table 2 — Interoperability requirements

Interoperability requirements for BSS Implications on removable battery systemis
a Minimum size of dimensions of storage Maximum size of battery-system housing
compartment
b Position of RESS connector Position of the’RESS inlet
c Type of RESS connector Type of the<RESS inlet
d Communication according to IEC TS 61851-3 (all Communication according to IEC TS 61851-3 (gl
parts) parts)
e Direction of handling Direction of handling
f Protection against fire, see 7.2.4 Maximum capacity (fire load)
NOTE 1 Dimensions and positions depending on the removable battery system are under consideration.
NOTE 2 RESS coupler(s) are under consideration.
NOTE 3 Communication according to other systems is under consideration.

Compliance is checked by\following the relevant use case according to Annex A with the
intended removable battery-system(s).

BSS|manufacturer shall provide for test 3 BSS and 3 removable battery systems from different
mandfacturers, it.available.

7.5 | Powersupply system (optional)

Powerr supply systems as described in 5.9 of IEC 62840-2:2016 are not used in this document.

7.6 Interfaces

The storage system shall be fitted with a DC RESS connector (accessory) tested according to
IEC TS 62196-4 or IEC TS 63066.

7.7 Zones of accessibility

The battery swap system according to 4.7 of IEC TS 62840-1:2016 is divided into 4 separate
zones with different accessibility patterns.

Subclause 4.7 of IEC TS 62840-1:2016 is applicable also for this document; in addition, 5.10 of
ISO 10218-2:2011 needs to be taken into consideration by establishing the risk assessment as
mentioned in Clause 5.
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Compliance is checked by inspection.

8 Communications

Clause 8 of IEC TS 61851-3-1:— is applicable.

9 Protection against electric shock

Clause 9 of IEC TS 61851-3-1:— is applicable.

10 $pecific requirements for accessories

Clauge 10 of IEC TS 61851-3-1:— is applicable.

11 Cable assembly requirements

Clauge 11 of IEC TS 61851-3-1:— is only applicable for non-statiopary equipment.

EXAMPLE 1 Portable and mobile equipment.

EXAMPLE 2 Convenience store device according to A.2.2 can be-considered similar to EV supply slystem
configluration type D with multiple battery system connection.

12 DRI EV supply equipment constructionalrequirements and tests
Clauge 12 of IEC TS 61851-3-1:— is applicable except as follows.

12.3| IP degrees

Replacement:

The minimum IP degrees of(@cecessories according to IEC TS 62196-4 shall be:

ndoor use:

battery system eonnector/inlet when not mated: 1P21;

battery sysiem connector/inlet mated: 1P44.

— optdoor use:

battery system connector/inlet when not mated: 1P24;

battery system connector/inlet mated: 1P44.

Compliance is checked by test in accordance with IEC 60529.

Battery swap system may be subject to national standards or regulations, for example,
EN 14470 (all parts).

13 Overload and short-circuit protection

Clause 13 of IEC TS 61851-3-1:— is applicable.

14 Emergency switching or disconnect (optional)

Clause 14 of IEC TS 61851-3-1:— is applicable.
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15 Marking and instructions
Clause 15 of IEC TS 61851-3-1:— is applicable except as follows.

15.1 Installation manual

Addition:

The manual shall indicate the type of battery system that can be accepted for swapping.

15.2 —Usermanuattinstructions) for DRIEV-supply equipment

Addition:

Information to the user shall state the type of battery system that can be accepted for swapping.
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Annex A
(informative)

Use cases

A.1 General

This annex treats the various use cases for battery swap systems as they apply to removable
battery systems according to EN 50604-1:2016 and EN 50640-1:2016/AMD1:2021.

An oVerview of the use cases is given by the following list:

bnvenience store solution (attended) (see A.2.1);
hattended locking compartment (see A.2.2);

c
u

— bpttery exchange box (see A.2.3);
alitomatic battery exchange box (see A.2.4);
a

Ltomatic vehicle storage system (see A.2.5).
Addifional optional functions of BSS:

bmmunication between EV/vehicle user and BSS over.the cloud;

c
— POl data availability for navigation system in the cloud (pre-condition);
ajailability information in the cloud (pre-conditiof);

u

bdated availability information in the cloud (post-condition).
A.2 | Use case description

A.2.1 Convenience store device-(attended)

Use tase convenience store device“(attended) see Table A.1.

Table A4~ UC convenience store device (attended)

c

C topics Details Remarks

Desg¢ription Convenience store solution consists of: —

The storage system in thig UC
does not follow strictly| the
description of 7.2.4 becausge of
the very specific situation.

- storage system.
The storage system can be realized, for example, by:

Manufacturer specific battery
systems with manufacturer
device can be used.

— one or more VCUs according to IEC TS 61851-3-2 | —
providing a vehicle connector according to
IEC TS 62196-4 sheet 4-11 and each connected hy

standard plug to one AC standard socket-outlet

— Bi-directional power transfer

placed, for example, on a case board;

— a multiple battery system recharger connected to
AC or DC supply network consisting of:

— one or more VCUs according to IEC TS 61851-
3-2;

— one or more RESS inlets according to 7.6.

— a storage rack connected to AC or DC supply
network, providing one or more compartments
consisting of:

— aVCU according to IEC TS 61851-3-2; and

— a RESS inlet according to 7.6.

DC to AC is not foreseen in this
ucC.

Security unit will only be
needed if latching is provided.
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UC topics Details Remarks

Actors Consists of: — “EVSE’ operator is in this use
case the convenience store

— vehicle user; owner or attendant.

— “EVSE” operator.

Preconditions | Are: — Lane system is not needed,
sufficient parking space should

— recognition of BSS service/convenience store and be available:

type of battery system;

— Handling system is not needed
because swapping is done
manually

— vehicle user has parked his EV;

= Venicie USer 15 going 10 swap the empty battery
system for a full battery system by a convenience

store.

Posf{conditions | Are:

— swapping procedure of the battery systems has
been completed safely;

— vehicle user drives away with its EV;

— empty battery system is recharged in the storage
system,;

— battery system shall be monitored during and after,
the recharging process.

Normal Flow Are:

— the empty battery system will beTfemoved
unmounted by the vehicle user/EVSE opgrator from
the vehicle by hand;

— the empty battery system will be\placed into the
storage system by an EVSE opérator by hand;

— the full battery system will be taken out of the
storage system by an EVSE operator by hand;

— the vehicle user pays fees to the EVSE operator;

— the full batteryl_system will be mounted to the
vehicle by vehicle user/EVSE operator by hand.

Figune B.2 and Figure-B:3 give an example of a battery exchange box that could be used by an
convenience store where the operator swaps the battery on behalf of the client.

A.2.2 Unattended locking compartment

A.2.21 Unattended locking compartment DC

Use gas€ unattended locking compartment see Table A.2.
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Table A.2 — UC unattended locking compartment DC

UC topics

Details

Remarks

Description

Unattended locking compartment consists of:
— storage system.
The storage system can be realized, for example, by:

— an equipment locker with one or more locking
compartments.

For DC, each compartment shall be supplied by a VCU
according to IEC TS 61851-3-2 and with one or both of

Storage rack (equipment locker

with one or more locking
compartments) according to
7.2.4.

Manufacturer specific battery
systems with manufacturer
device can be used.

thre—fottowimgsotutions:

— vehicle connector according to IEC TS 62196-4
sheet 4-II;

— RESS connector according to 7.6.
Access by, for example:

— key or key with deposit;

— card reader;

- HMI;

— mobile phone.

Actqars

Consists of:

— vehicle user;

— “EVSE” operator.

“EVSE” operator is in thig UC
the provider of the service} and
not present at the location|

Predonditions Are Lane system is not nedded,
— recognition of BSS service/unaftended locking sufficient parking space should
compartment and type of battergrsystem; be available.
— vehicle user has parked his EV; Handling system is not negded
. . . because swapping is flone
— vehicle user is going toycharge the empty battery manually.
system by an unattended locking compartment.
Pos{conditions | Are
— charging procedure of the battery systems has been
completed-safely;
— vehicle user drives away with its EV.
Normal flow Are Identification/authenticatiof

— (the empty battery system will be unmounted by the
vehicle user from the vehicle by hand;

=" identification/authentication of vehicle user vs. the
EVSE operator, if needed;

— the empty battery system will be placed into the
storage system (locking compartment) by vehicle
user by hand; and if needed connected to the EV

may include payment.

Payment depends on | the
access method.

SUppry equiprient (Or starnddrda sOCket-outiet),

— empty battery system is recharged in the storage
system,;

— battery system is monitored by EMSC during and
after the recharging process.

— the full battery system will be taken out of the
storage system by a vehicle user by hand;

— the full battery system will be mounted to the
vehicle by vehicle user by hand.

Figure B.2 and Figure B.3 give an example of a battery exchange box that can be used as a
basis for an unattended locking compartment. Further access control is necessary.
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A.2.2.2 Unattended locking compartment AC

This use case is not covered by this document.

The safety requirements of this document demand full control of the status of the battery system
during power transfer and/or storage.

High attention needs to be given to the risk assessment as described in Clause 5 for
implementation of this use case considering the major requirements of this document. Use case
unattended locking compartment see Table A.3.

Table A.3 — UC unattended locking compartment AC

UL topics Details Remarks
Desg¢ription Unattended locking compartment consists of: —  Storage rack-(equipment Iqcker
with one por/ more logking
— storage system. compartments) accordind to
7.2.4

The storage system can be realized, for example, by:

— Manufacturer specific battery
systéems  with  manufacfurer
device can be used.

— an equipment locker with one or more locking
compartments..

For AC, independent standard socket-outlet for vehicle
users with their own VCU (optional);

Access by, for example:

— key or key with deposit;
— card reader;

- HMI;

— mobile phone.
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UC topics

Details

Remarks

Actors

Consists of:

vehicle user;

“EVSE” operator.

“EVSE” operator is in this UC
the provider of the service, and
not present at the location.

the empty battery system will be unmounted by the
vehicle user from the vehicle by hand;

identification/authentication of vehicle user vs. the
EVSE operator, if needed;

the empty battery system will be placed into thé
storage system (locking compartment) by vehicle
user by hand; and if needed connected to the EV
supply equipment (or standard socket-outlet);

empty battery system is recharged inthe, storage
system;

battery system shall be monitored.during and after
the recharging process.

the full battery system willkkbe taken out of the
storage system by a vehicle user by hand;

the full battery system~will be mounted to the
vehicle by vehicle user by hand.

Preconditions Are Lane system is not needed,
— recognition of BSS service/unattended locking sufficient parking space should
compartment and type of battery system; be available.
— vehicle user has parked his EV; Handling system is not needed
) ) ) because swapping is done
— vehicle user is going to charge the empty battery manually.
Dybtclll ILIy [=10] UIIGttUIIU‘U\J :Ubll\;lly bUIII}IGItIIIUIIt.
Post Are
conditions - charging procedure of the battery systems has been
completed safely;
— vehicle user drives away with its EV.
Normal flow Are IdentifiEdtion/authenticatiof

may iAclude payment.

Rayment depends on | the
access method.

A.2.3

Battery exchange\box

Use tase battery exchange box see Table A.4.
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Table A.4 — UC battery exchange box

UC topics

Details

Remarks

Description

Battery exchange box consists of:
— storage system;

— handling system (optional);

— lane system (optional)..

The storage system can be realized, for example, by:

a) an equipment locker with one or more locking
compartments, each compartment shall be supplied

Storage rack (equipment locker

with one or more locking
compartments) according to
7.2.4.

Manufacturer specific battery
systems with manufacturer
device can be used.

For c), the handling system

frane'r_\nrfe the haffnry ey*tem

by a VCU according to IEC TS 61851-3-2 and
provide a RESS inlet according to 7.6;

b) a storage rack (covered by a housing), providing
one or more compartments with individual access,
each compartment shall be supplied by a VCU
according to IEC TS 61851-3-2 and provide a RESS
inlet according to 7.6.

c) astorage rack (covered by a housing) with handling
system, providing several compartments with single
access or input and output access, each
compartment shall be supplied by a VCU according
to IEC TS 61851-3-2 and provide a RESS inlet
according to 7.6.

The handling system according to 7.2.3 can be
realized for example, by:

— arobotic according to ISO 10218:2011 insidée.of the
battery exchange box.

Access by, for example:
— card reader;
- HMI;

— mobile phone.

from input window to stgrage
rack and from storage)ragk to
window output.

Input  window()and ottput
window can bethie same/s|ngle
access.

Actdrs

Consists of:

— vehicle user;

— “EVSE” operator.

“EVSE” operator is in this| use
case the convenience $tore
owner or attendant.

Predonditions

— reeagnition of BSS service/ battery exchange box
andAype of battery system;

—\\. vehicle user has parked his EV;

= vehicle user is going to charge the empty battery
system by a battery exchange box.

Lane system may be needdd for
structuring access, roboti¢ not
needed, only
signalling/marking.

Sufficient parking space should
be available.

Posf{conditions

— vehicle user drives away with its EV;

Battery systems in the bdttery
exchange box can be use11 for

— empty battery system is recharged in the storage
system;

— battery system is monitored during and after the
recharging process.

arid-stabilization
4
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UC topics Details Remarks
Normal flow Are: — Payment depends on the
with handling ) access method.
system — access over lane system (optional);
. ) . . — Identification/authentication
— vehicle user is parking his EV; may include payment.
— identification/authentication of vehicle user vs. the
EVSE operator;
— vehicle use follows the instruction of battery
exchange box;
— the empty battery system will be unmounted by the
vehicle user from the vehicle by hand;
— the empty battery system will be placed into the
battery input window of the battery exchange box
by the vehicle user by hand;
— after closing the door, the handling system
transports the empty battery system to storage
system;
— the empty battery system will be placed into the
storage system by handling system;
— afull battery system will be taken out of the storage
system by handling system;
— the handling system transports the full battery
system to the output window;
— after opening the door, the full battery systemcwill
be taken out of the output window by vehicl€, user;
— the full battery system will be moupted,/to the
vehicle by vehicle user by hand;
— leaving over lane system (optionak):
Normal flow Are: — ldentification/authentication
withput \ may include payment.
handling — access over lane system (@ptional);
svstem ) L e, ) — Payment depends on | the
y — identification/authentication of vehicle user vs. the access method
EVSE operator; ’
) ) ) — Taking out of the full bgttery
— vehicle use follows the instruction of battery system and placing into| the
exchange box; empty battery system cap be
— the empty. battery system will be unmounted by the vice versa.
vehicle user from the vehicle by hand;
— a fullbattery system will be taken out of the storage
system by vehicle user by hand;
-\ the empty battery system will be placed into the
storage system by the vehicle user by hand;
— the full battery system will be mounted to the
vehicle by vehicle user by hand;
— leaving over lane system (optional).

Figure B.2 and Figure B.3 give an example of a battery exchange box.

A.2.4 Automatic battery exchange box

Use case automatic battery exchange box see Table A.5.
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Table A.5 — UC automatic battery exchange box

Clause A.2 of IEC TS 62840-1:2016;

— leaving over lane system according to UC

Clause A.1 of IEC TS 62840-1:2016.

UC topics Details Remarks
Description Automatic battery exchange box consists of: —  Manufacturer device shall not
—  storage system be wused within a battery
exchange box .
— handling system;
— lane system.
The storage system can be realized, for example, by:
— a storage rack according to 7.2.4.
The handling system according to 7.2.3 can be
realized, for example, by:
— a robotic according to ISO 10218-1:2011 inside of
the automatic battery exchange box.
The lane system is realized according to IEC 62840
(all parts).
Access by, for example
— card reader;
- HMI;
— mobile phone.
Actqrs Consists of:
— vehicle user;
— “EVSE” operator.
Predonditions Are:
— recognition of BSS service/automatic battery
exchange box and type of battery system.
Posf{conditions Are: —_ Battery Systems in the
— vehicle user follows W€ according to Clause A.1 of automagc batterydexcr;ange bo_g
IEC TS 62840-1:2016; can Dbe —use or |on
stabilization.
— vehicle user drives away with its EV;
— Full battery systems may be
— empty battery*system is recharged in the storage transported by handling syptem
system; to a part of the storage syptem
) ) . which provides only monitpring
— battery system is monitored during and after the but no power transfer.
recharging process.
Normal Flow Are: — Payment depends on | the
. e L . access method.
="' identification/authentication of vehicle user vs. the
EVSE operator; — ldentification/authenticatiof
includ t.
— access over lane system according to UC may Include paymen
Clause A.1 of IEC TS 62840-12016, —_ Communication between EV
= battervy swan svstem follows UC according to and BSS over NFC accordi 9 to
’ ) = Annex F of TEC618571-3-4:—,

alternatively Bluetooth or WiFi.

A.2.5

Automatic vehicle storage system

Use case automatic vehicle storage systems see Table A.6.
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Table A.6 — UC automatic vehicle storage system

UC topics

Details

Remarks:

Description

Automatic vehicle storage system consists of:
— storage system (for the vehicle);

— handling system (for the vehicle);

— lane system

The storage system can be realized, for example, by:

— a storage rack according to 7.2.4.

The handling system according to 7.2.3 can be
realized, for example, by:

— a robotic according to ISO 10218-1:2011 inside of
the automatic vehicle storage system.

The lane system is realized according to
IEC 62840 (all parts).

Access by, for example:
— card reader;
- HMI;

— mobile phone.

Actqgrs

Consists of:

— vehicle user;

— “EVSE” operator.

Predonditions

Pos{conditions
(locking for
owngd vehicle)

Posfconditions
(locking for
rented vehicle)

Norrratflow
(locking for
owned vehicle)

Are:
— recognition of BSS service/ automatic vehicle
storage system.
Are: EVs with full battery sysfems
— vehicle user follows UC€ according to Clause A.1 of may be transported by hanflling
IEC TS 62840-1:2016: system to a_part of the stdqrage
’ system which provides |only
— vehicle user drives away with its EV. monitoring  but  no  ppwer
transfer
Are: Battery  systems in | the
) ) automatic vehicle exchangg box
— }/Egm_,}lg Lézzrllgollc.);vos‘] g_C according to Clause A.1 of can be used for |grid
o ’ stabilization.
—. Vehicle user drives away with EV. EVs with full battery sysfems
= EV with empty battery system is recharged in the may be transported by hangling
storage system; system to a part of the stdrage
system which provides |only
— battery system shall be monitored during and after monitoring  but no  ppwer
the recharging process. transfer.
ATE paylllt:lli. u'\::pvllu'b omTtheaccess
method.

— identification/authentication of vehicle user vs. the
EVSE operator;

— access over lane system according to UC
Clause A.1 of IEC TS 62840-1:2016;

— battery swap system follows UC according to
Clause A.2 of IEC TS 62840-1:2016;

— empty battery system is recharged in the storage
system,;

— battery system shall be monitored during and after
the recharging process;

— leaving over lane system according to UC
Clause A.1 of IEC TS 62840-1:2016.

identification/authentication
may include payment.

(battery  systems in  the
automatic vehicle exchange box
can be used for grid
stabilization)
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UC topics

Details

Remarks:

Normal flow
(locking for
rented vehicle

Are:

identification/authentication of vehicle user vs. the
EVSE operator;

access over lane system according to UC
Clause A.1 of IEC TS 62840-1:2016;

battery swap system follows UC according to
Clause A.2 of IEC TS 62840-1;

leaving over lane system according to UC
Clause A.1 of IEC TS 62840-1:2016.

Payment depends on the
access method.

Identification/authentication
may include payment.
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Annex B
(informative)

Examples of BSS wirings for removable battery systems

General

This annex shows examples of BSS wirings for removable battery systems. Figure B.1 shows
an informative example of a removable battery system wiring according to EN 50604-1:2016

CALCOGAA4A 4201/ AMN4-2091 T £io,
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IEC
built-in VCU (DC/DC) (optional) 43 battery management system
removable battery system 44 battery pack
RESS coupler (connector) 45 sensing and balancing electronics
gateway (optional) 46 cells
manufacturer specific circuit S2 switch

protection device(s)

Figure B.1.— Example of a removable battery system wiring (for information)

Example of a BSS wiring providing independent VCU for each battery
system

ng of

The example shown in Figure B.2 uses one VCU per battery system. This allows for completely
independent power transfer and isolation of the battery systems.
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IEC
Key
b fixed installation
[ portable or mobile equipment
3 built-in or fixed VCU
4 removable battery system
6 DC RESS coupler
17 gateway
25 DC +60 V
26 DCOV
27 AUX 442 V
28 AUX 0 V
29 CAN Hi
30 CAN Lo
48 End Cap
49 Battery Swap Station (BSS)
L1 AC supply voltage (L2, L3)
N neutral line

S11-S13 switch

Figure B.2 — Example of a BSS wiring providing
independent VCU for each battery system
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