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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC VEHICLES CONDUCTIVE CHARGING SYSTEM -

Part 3-4: DC EV supply equipment where protection relies
on double or reinforced insulation — General definitions and
requirements for CANopen communication

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
all national electrotechnical committees (IEC National Committees). The object of IEC is to premote interng
cd-operation on all questions concerning standardization in the electrical and electronic fields. To this en|
infaddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Pdyblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC ~Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested’in the subject dea
may participate in this preparatory work. International, governmental and non-goverimental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with, the) International Organizati
Standardization (ISO) in accordance with conditions determined by agreemenht\between the two organizati

THe formal decisions or agreements of IEC on technical matters express; as/nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical €emmittee has representation frg
inferested IEC National Committees.

IEIC Publications have the form of recommendations for international use and are accepted by IEC N4
Committees in that sense. While all reasonable efforts are made to ensure that the technical content d
Pyblications is accurate, IEC cannot be held responsibl€ Sfof the way in which they are used or fo
misinterpretation by any end user.

In] order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in their(hational and regional publications. Any divergence be
anly IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEIC itself does not provide any attestation of‘conformity. Independent certification bodies provide conf
agsessment services and, in some areas,*decess to |IEC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bodies.

All users should ensure that they have‘the latest edition of this publication.
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members of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
expenses arising out of the -publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

N¢ liability shall attach to IEC or_ifs‘directors, employees, servants or agents including individual experjs and

Attention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the*correct application of this publication.

Afttention is drawnsto the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC ghall not be held responsible for identifying any or all such patent rights.

IEC TS 61851-3-4 has been prepared by IEC technical committee 69: Electrical power/er
trangfer’systems for electrically propelled road vehicles and industrial trucks. It is a Tech
Spe ification:
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The text of this Technical Specification is based on the following documents:

Draft Report on voting
69/650/DTS 69/671/RVDTS
69/671A/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

In this document, the following print types are used:

requirements: in roman type;

notes: in small roman type;

text formatted in bold and using mixed capital and underline are used as state names

amd—are ot to be transtated:

A list of all parts in the IEC 61851 series, published under the general title Electric\véeh
conductive charging system, can be found on the IEC website.

icles

The pommittee has decided that the contents of this document will remain upchanged unt|l the
stability date indicated on the IEC website under webstore.iec.ch in the‘data related to the
specjffic document. At this date, the document will be
e reconfirmed,
e Withdrawn,
e replaced by a revised edition, or
e amended.
IMAORTANT - The 'colour inside’' logo on the cover page of this publication indicates

that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colpur printer.
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INTRODUCTION

This document is published in separate parts according to the following structure:

IEC TS 61851-3-1, Electric vehicles conductive charging system — Part 3-1: DC EV supply
equipment where protection relies on double or reinforced insulation — General rules and
requirements for stationary equipment

IEC TS 61851-3-2, Electric vehicles conductive charging system — Part 3-2: r DC EV supply
equipment where protection relies on double or reinforced insulation — Portable and mobile DRI
EV spppty equipment

IEC TS 61851-3-4, Electric vehicles conductive charging system — Part 3-4:DCHEV sdpply
equipment where protection relies on double or reinforced insulation — General definitiong and
requfrements for CANopen communication

IEC TS 61851-3-5, Electric vehicles conductive charging system — Part,-3-5:DC EV sdpply
equipment where protection relies on double or reinforced insulation — Pre-defined
communication parameters and general application objects

IEC TS 61851-3-6, Electric vehicles conductive charging system — Part 3-6:DC EV suypply
equipment where protection relies on double or reinforced, insulation — Voltage converter unit
cominunication

IEC TS 61851-3-7, Electric vehicles conductive charging system — Part 3-7:DC EV suypply
equipment where protection relies on double or ‘reinforced insulation — Battery system
comimunication

The International Electrotechnical Commission (IEC) draws attention to the fact that it is clajmed
that compliance with this document may-involve the use of a patent. IEC takes no pogition
concerning the evidence, validity, and\scope of this patent right.

The holder of this patent right has assured IEC that s/he is willing to negotiate licences under
reaspnable and non-discrimjnatory terms and conditions with applicants throughout the world.
In this respect, the statement.of the holder of this patent right is registered with IEC. Information
may |be obtained from the patent database available at patents.iec.ch.

Attention is drawn to)the possibility that some of the elements of this document may bg¢ the
subject of patent\rights other than those in the patent database. IEC shall not be |held
resppnsible forddentifying any or all such patent rights.

IEC {akes no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assured the IEC that they are willing to negotiate
licences under reasonable and non-discriminatory terms and conditions with applicants
throughout the world. In this respect, the statements of the holders of these patent rights are
registered with IEC. Information may be obtained from:

— EnergyBus e.V.: Koskauerstrasse 100, 07922 Tanna, Germany.
— Unicorn Energy GmbH: Universitaetspark 1/1, 73525 Schwaebisch Gmuend, Germany.
Attention is drawn to the possibility that some of the elements of this document may be the

subject of patent rights other than those identified above. IEC shall not be held responsible for
identifying any or all such patent rights.
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ISO (www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line data bases of
patents relevant to their standards. Users are encouraged to consult the data bases for the
most up to date information concerning patents.



http://www.iso.org/patents
https://iecnorm.com/api/?name=2d18998823100c3eb99da373f24cb481

1 anpn

-12 - IEC TS 61851-3-4:2023 © IEC 2023

ELECTRIC VEHICLES CONDUCTIVE CHARGING SYSTEM -

Part 3-4: DC EV supply equipment where protection relies
on double or reinforced insulation — General definitions and
requirements for CANopen communication

This

for the conductive transfer of electric power between the supply network and an_electric

vehi
ener

The
and

in energy management control.

The
IEC

2 Normative references

The

cons

For
ame

IEC
IEC
IEC
IEC

IEC
equi

powersupply systems

part of IEC 61851, which is a Technical Specification, applies to CANopen communic

le or a removable rechargeable energy storage system (RESS) or on-board,recharge
gy storage systems (RESS) of an electric road vehicle.

energy management system (EMS) for control of power transfer between battery sys
oltage converter units (VCU) provides the communication for all.devices that can takeg

basic application profile for energy managementysystems (EMS) consist
TS 61851-3-4, IEC TS 61851-3-5, IEC TS 61851-3-6, IEC TS 61851-3-7.

ollowing documents are referred to in the text’in such a way that some or all of their co
titutes requirements of this document. For-dated references, only the edition cited apy
undated references, the latest edition of the referenced document (including
ndments) applies.

50309 (all parts), Plugs, socket-outlets and couplers for industrial purposes

50364 (all parts), Low-vyoltage electrical installations

50884 (all parts), Plugs and socket-outlets for household and similar purposes
51850 (all parts), Communication networks and systems for power utility automation

'S 61851-3-1:2023, Electric vehicles conductive charging system — Part 3-1 DC EV sl
bment where protection relies on double or reinforced insulation — AC and DC condy

ation
road
able

tems
part

5 of

htent
lies.
any

pply
ctive

IEC TS 61851-3-5:2023, Electric vehicles conductive charging system — Part 3-5: DC EV supply
equipment where protection relies on double or reinforced insulation — Pre-defined
communication parameters and general application objects

IEC TS 61851-3-6:2023, Electric vehicles conductive charging system — Part 3-6: DC EV supply
equipment where protection relies on double or reinforced insulation — Voltage converter unit
communication

IEC TS 61851-3-7:2023, Electric vehicles conductive charging system — Part 3-7: DC EV supply
equipment where protection relies on double or reinforced insulation — Battery system
communication
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IEC TS 62196-4: Plugs, socket-outlets, vehicle connectors and vehicles inlet — Conductive
charging of electric vehicles — Part 4: Dimensional compatibility and interchangeability
requirements for DC pin and contact-tube accessories for class Il or class Il applications?

ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information
interchange

ISO/IEC 14443 (all parts), Identification cards — Contactless integrated circuit(s) cards —
Proximity cards

ISO/ EC 180922013, ;IIfUIIIIdtI‘UII tb’bl’lllUl’Uyy = TUI'U(JUIIIIIIUIII’L;dtI‘UIID dllu’ illfUlllldtiUll U)(b;l dnge
between systems — Near Field Communication — Interface and Protocol (NFCIP-1)

ISO [11898-2:2016, Road vehicles — Controller area network (CAN) — Part 2y High speed
medjum access unit

ISO [11898-5:2007, Road vehicles — Controller area network (CAN) —OPart 5: High speed
medjum access unit with low-power mode

ISO [11898-6:2013, Road vehicles — Controller area network (CAN) — Part 6: High speed
medium access unit with selective wake-up functionality

CiA B02-1:2009, CANopen additional application layer functions — Part 1: General definitions
(avallable at www.can-cia.org)

CiA 302-2:2009, CANopen additional application layer functions — Part 2: Network management
(avallable at www.can-cia.org)

CiA B02-3:2010, CANopen additional application layer functions — Part 3: Configuration and
progtam download (available at www.can=cia.org)

CiA 305:2013, CANopen layer setting services (LSS) and protocols (available at www]can-
cia.org)

EN §50325-4:2002, Industrial communications  subsystem based on ISO 1[/898
(CAN) for controller- device interfaces — Part 4: CANopen

EN 50604-1:2016¢. Sécondary lithium batteries for light EV (electric vehicle) applications —
Part|1: Generahsafety requirements and test methods

3 Terms'and definitions

For the purposes of this document, the terms and definitions given in IEC TS 61851-3-1,

EN 50325-4:2002, ISO 11898-2:2016, 1ISO 11898-5:2007, ISO 11898-6:2013 and the following
apply.

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

1

Under preparation. Stage at the time of publication: DTS.


http://www.can-cia.org/
http://www.can-cia.org/
http://www.can-cia.org/
http://www.electropedia.org/
http://www.iso.org/obp
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3.1
active device
device connected to DC power circuit, AUX supply circuit and CAN circuit

3.2

voltage converter

set of equipment, to convert one type of electric current to another type different in nature,
voltage and/or frequency

[SOURCE: IEC 60050-811:2017, 811-19-01, modified — The word "voltage" has been added to
the term, and the words "static or rotating" deleted from the definition.]

3.3
voltage converter unit
VCuU
voltage converter with local EMS and communication interface

[SOYRCE: IEC TS 61851-3-1:2023, 3.1.8]

3.4
rechiargeable energy storage system
RESB
system that stores energy for delivery of electric energy and which is rechargeable

EXAMPLE Battery systems, capacitors.

Note | to entry: A battery system can be named in general within the context of IEC 61851-3 (all parts) as an RESS.

[SOURCE: ISO/IEC 17409:2015, 3.36, modified,— In the example, the word "batteries" has peen
repldced by "battery systems", and the noteto entry has been added.]

3.5
batt}ry system

enerfly storage device that includes cells or cell assemblies or battery pack(s) as well as

elecfrical circuits and electronics

Note | to entry: For further explanation, see 1SO 12405-1:2011, 5.5.2, 5.5.3, A.3.1 and A.3.2. Battery system
compeénents can also be distributed in different devices (battery packs) within the vehicle.

Note ? to entry: Examples of electronics are the BCU and contactors.

Note B to entry: Fonall applications according to IEC 61851-3 (all parts), the battery control unit (BCU) is reglaced
by a Qattery management system (BMS).

[SOUYRCE: NSO 12405-1:2011, 3.3, modified — The parentheses "(battery packs)" have peen
addgdto,Note 1 to entry, and Note 3 to entry has been added.]

3.6

battery pack

energy storage device that includes cells or cell assemblies normally connected with cell
electronics, voltage class A or B circuit and overcurrent shut-off device, including electrical
interconnections, interfaces for external systems

Note 1 to entry: For further explanation, see 5.4 and Clause A.2 of ISO 12405-1:2011.

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

[SOURCE: ISO 12405-1:2011, 3.2, modified — The words "A or" have been added to the
definition.]
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3.7

battery management system
BMS

local energy management system for the battery system, protecting the battery system from
damage, monitoring and increasing the lifetime, and maintaining the functional state

Note 1 to entry: BMS and BCU (according to the ISO 12405 series) do not have the same functions.

3.8

energy management system

EMS

SySt L bUIIb;Dt;IIU Uf autivc dIICJI pacbivc dcv;ucb fUI bUIItIU”;IIy thb‘ PUWTI tldllbfcl

Note | to entry: Active and passive devices are connected to the AUX supply circuit and the-CAN g

Additi

3.9

energy management system controller
EMSIC

devi

3.10
loca
loca

active device's internal system that protects the energy huffer, source or load from dam
monitors and increases the lifetime of the buffer, soutce or load, maintains the buffer,

sourge or load in a functional state

3.11

remote energy management system

remote EMS

further independent EMS coupled to EMStvia a VCU
3.12

energy management system input

EMS| input

currgnt flow which occurs from'source into the energy management system power lines

3.13

energy management,;system output

EMS

currgnt flow which occurs from energy management system power lines into load

3.14
hum
HMI

pnally, active devices are also connected to the DC power circuit.

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

energy management system
EMS

output

ircuit.

age,
and

Ian machine interface

passive device that allows user interaction, interface between operating staff or end-user and
the instrumentation and computer systems connected to the EMS

EXAMPLE Display or user communication system.

3.15

node-ID check

moni

3.16

toring unique node-ID usage in EV by EMSC

passive device
device connected to AUX supply circuit and CAN circuit
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3.17
safe state
device state in which the device is protected against influences of overcurrent or overvoltage

3.18

silent master

CANopen device that hosts NMT master capability, but acts as NMT slave in the network and
issues neither NMT master services, LSS master services, SYNC messages nor any other
NMT/LSS master-related service

Note 1 to entry: Examples of NMT/LSS master-related service are Configuration manager and EMSC.

3.19
state of charge
SOC
availpble capacity in a battery pack or system

Note ] to entry: The state of charge is expressed as a percentage, Ah or Wh of rated capdcity.

3.20

stat¢ of health

SOHl

actual performance of the battery pack or system compared,te’ the performance of a fresh

battgry pack or system

3.21
finit¢-state automaton
FSA
mode¢l of computation consisting of a set of states, a start state, an input alphabet, apd a
trangition function that maps input symbols and current states to a next state

Note | to entry: Computation begins in the start;state with an input string; it changes to new states depending on
the transition function.

Note ? to entry: Finite-state automaton (ESA) (plural: automata) or finite-state machine (FSM) or simply a| state
machine.

3.22
local layer settings
LLS
settings of a CANopenh-device's CANopen node-ID and CANopen bit timing

3.23
flying master
ability of-an”"NMT master capable CANopen device to become dynamically the active NMT

masier/in-case the absence of a higher-prior NMT master is detected

3.24

logical device

logical entity of a CANopen device providing to the CANopen device status, control and
diagnostic information in a pre-defined format

3.25
virtual device
entity of software capable of accomplishing a functional element of a field/physical device

4 Symbols and abbreviated terms

For the purposes of this document, the following symbols and abbreviated terms, and those
given in ISO 11898-2:2016, ISO 11898-5:2007 and 1SO 11898-6:2013 apply.
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AC alternating current
BMS battery management system

C. param. communication parameter

Const constant

DC direct current

EEC emergency error code

EMCY emergency

EMS energy management system

EMBC energy management system controller

EVIEMSC EV-Energy management system controller

EV electric vehicle

FSA finite-state automaton
GAD general application objects
HM human machine interface
LSS layer setting services

M_param. mapping parameter

MCU motor control unit

MSN message number

MPPT maximum power point tracker
NM[T network management

PDO process data object

RPDO receive PDOs

ro read only

rw read write

SDO service data object

SOC state of charge

SOH state of health

TPDHO transmjit-RDOs

VCU voltage converter unit

VD virtual device

VDN virtual device number
WLAN wireless local area network

5 eneral conditions for the tests

It is recommended that implementers of devices obtain proof that a suitable conformance test
has been performed.

The conformance test shall include:

— testing of all implemented CANopen communication services;

— testing of all implemented parameters specified in this document and IEC TS 61851-3-5,
IEC TS 61851-3-6 and IEC TS 61851-3-7;

— testing of all implemented state automata specified in this document and IEC TS 61851-3-
5, IEC TS 61851-3-6 and IEC TS 61851-3-7.

NOTE For testing:
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— CiA 310-1 covers the general conformance test plan for CANopen communication;

— CiA 312-7 covers the specific conformance test plan for CANopen communication according to IEC 61851-3 (all

p

arts).

6 Physical layer specification

6.1

General

The general physical layer definitions for CANopen-related communication are provided in
EN 50325-4:2002 and apply to CANopen devices compliant to this application profile.

6.2

Any

the medium access units with low power mode, compliant to ISO 11898-5:2007 qi SO 11

6:20

6.3

Devi

supported. The LSS shall be used, in case it is required to switch\during runtime dynam

from
an a

descfibed in Annex F.

6.4

The
ID 1.

reside in the same device where EMSC resides. Scanning for non-configured devices sha
dong via the LSS-fastscan services as defined in CiA 305. The LSS slaves shall be conne

to th

soon as they are disconnected from _the bus.

The

in Tdble 1. Within an EV application, the node-IDs 120 to 127 shall be reserved (not used).

NOTH 1 Preferred location 6f‘the EV-EMSC can be in the same CANopen device as the MCU.

The

nodd-ID 125.

A CANopen-device in bootloader mode shall claim the fixed node-ID 126. Therefore, in a

appl

Medium access unit
ype of ISO 11898-2:2016 compliant transceiver may be used. With regard to energy sa

| 3 are recommended.

Transmission rates

Ces compliant to this profile shall support a bit rate of 250 kbitls; other bit rates m3

the current bit rate to another bit rate. For initial adjustment of the bit rate during star
Ltomatic bit rate detection mechanism is recommended.{Fransmission rates of NF(

Node-ID assighment

CANopen device hosting the virtual device EMSC in EV applications shall have the n
The node-IDs for the other CANopen devices are assigned by LSS. The LSS master

e EMS application with the invalidgnode-ID FF,, and shall lose their node-ID setting

DRI EV supply equipment shall claim a fixed node-ID in the range 120 to 127 as speq

diagnostic topl'shall not support LSS slave functionality as well and shall claim the

cation, only one CANopen device is allowed to stay in bootloader mode. See also 10

ving,
898-

y be
cally
t-up,
are

ode-
shall
Il be
cted
s as

ified

fixed

n EV
4.

NOTE 2 The limitation of assigning a CANopen device in bootloader mode a fixed node-ID 126 was introduced to

allow

implementing bootloader applications for EVs, without the need of supporting LSS.

The DRI EV supply equipment shall not support LSS slave functionality and shall claim the
node-ID 127. The fixed node-ID of the DRI EV supply equipment shall remain, if the device acts

as m

aster in case the EMSC of the EV is not available.
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Table 1 — DRI EV supply equipment and external device node-ID assignment

6.5

The
A1,

NOTE
6.6
The

exte

7 |

7.1

Clau

trigg
mes§

7.2

Node-ID External device

120 Reserved

121 Reserved

122 Reserved

123 Reserved

124 Load monitoring device for charging/locking cable

125 Diagnostic tool

126 Bootloader

127 External power supply implementing VCU with integrated (EMSC)

Network topology
hetwork topology shall be as specified in EN 50325-4:2002. See alsgo-Figure 9 and F

Recommended bit-timing and estimated bus lengths can be specified according to EN 50325-4:2002.
Gateway
use of a gateway is recommended to separate thee CANopen EMS communication

nal influences. For further information, see 8.4.3'and Annex A.

Error handling

General
5e 7 specifies the handling of “errors. Emergency messages shall be supported

bred by internal errors in the device (see EN 50325-4:2002 for a description of emerg
age handling).

Enhancement of the emergency message handling

In adldition to the spécifications provided in EN 50325-4:2002, the range for manufact

spec
that

In ad
(EECQ
appl

fic error information shall be shortened by 1 byte. This byte shall be used for indic
A specific virtual device is the source of the device internal error.

dition,~a-general addressing mask for the device profile specific emergency error
) is( specified. The first digit of the 4 digit hexadecimal address indicates with "F

gure

from

and
ency

urer-
Ating

code
 the

cation profile specific error. For a multiple logical device, the second digit indicates| that

logic

1l H : Joiate Ll ol Tl Il s PP HN| $lo £i1 HH
dl UTVILT, TIT WITICIT UTS T©ITUT ULLUTTTU. TTIT Tdosl WU UTyrts Pruviuc uic pPpruliic spoUITiv

information.

The protocol EMCY write is specified in Figure 1. Table 2 provides the value definition.

error
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EMCY consumers

EEC ER VDN MSEF
Indication
0 2 3 4 7 -~
-
Sy
-
—

IEC

Figure 1T — Protocol emergency write for energy management applications
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Table 2 — Value definition for EMCY message

Bit field

Value [hex]

Description

EEC (emergency
error code)

0000 to EFFF

See EN 50325-4:2002

F000

Generic device error (see EN 50325-4:2002)

F001 to FOFF

The error refers to the entire CANopen device.

F100 to F1FF

The error refers to the logical device 1; a detailed error description

is provided in the related part this application profile.

F100

Logical device 1; generic error

FZUU 10 FZFF

Ine efror rerfers to e IOgi(.,dI device Z, d detaitederTor uebuipl
is provided in the related part of this application profile.

on

F200

Logical device 2; generic error

F300 to F3FF

The error refers to the logical device 3; a detailed errordescript
is provided in the related part of this application profile.

F300

Logical device 3; generic error

F400 to F4FF

The error refers to the logical device 4; a detailed error descript
is provided in the related part of this apglication profile.

F400

Logical device 4; generic error

F500 to F5FF

The error refers to the logical dévice 5; a detailed error descript
is provided in the related part{of this application profile.

F500

Logical device 5; generic error

F600 to F6FF

The error refers to the\logical device 6; a detailed error descript
is provided in the related part of this application profile.

F600

Logical device 63 géeneric error

F700 to F7FF

The error refers to the logical device 7; a detailed error descript
is providedcin the related part of this application profile.

F700

Logical device 7; generic error

F800 to F8FF

Thelerror refers to the logical device 8; a detailed error descript
issprovided in the related part of this application profile.

F800

Logical device 8; generic error

F900 to FEREE

Reserved

FFOO to FFFF

See EN 50325-4:2002

ER (error register)

See.EN 50325-4:2002

VDN
num

(virtual device

ber)

00 Multiple virtual devices, which are listed in object 6000, are
responsible for the occurred error and/or distinguishing between|the
different error sources is not possible

01 to FE Value refers to that sub-index of object 6000, which provides th¢
description of that virtual device, which is source of the error

FF Reserved, shall not be used.

MSEF (manufacturer
specific error field)

Manufacturer specific error information

7.3

Pre-defined error field

The pre-defined error field (object 1003,) is specified in EN 50325-4:2002 and shall be
supported by all CANopen devices used in EMSs.

7.4

Error behaviour

If a severe device failure is detected in NMT operational state, the CANopen device shall enter
by default the NMT pre-operational state (see EN 50325-4:2002 CANopen NMT state machine).
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If object 1029,, is implemented, the CANopen device may be alternatively configured in case of

a device failure to enter the stopped state or remain in the current state.

Device failures shall include the following communication errors:

— bus-off conditions on the CAN interface;
— heartbeat event with state "occurred".

Severe device errors may also be caused by device internal failures.

7.5 Additiomaterrorcodes
In addition to the error codes defined in EN 50325-4:2002, the additional error codes\given in
Table 3 shall be used if appropriate.
Table 3 — Additional error codes
BEC [hex] Description
0n80 Warning; important device parameter was changed
0n81 Warning; at least one prefix of process data was changed
0n82 Warning; prefix of process data given in Ampere was €hanged
0n83 Warning; prefix of process data given in Volt was changed
0n84 Warning; prefix of process data given in Watt was changed
Fn01 Invalid control word (6001,); generic errorfunknown command
Fn02 Invalid control word (6001, ); target RSAstate not supported
Fn03 Invalid FSA status
Fn04 Reserved
Fn10 Virtual device over-voltage‘at local EMS or "side B"
Fn11 Virtual device under:voltage at local EMS or "side B"
Fn12 Virtual device EMS:input or " side B" over-current
Fn13 Virtual devicé EMS output or "side B" over-current
Fn14 Virtual device control components temperature limit (high) exceeded
Fn15 Virtual'device temperature limit (low) exceeded control components
Fn16 Virtual device temperature limit (high) exceeded power components
Fn17 Virtual device temperature limit (low) exceeded power components
Fn18 Virtual device communication error
Fn19 Virtual device compatibility error
Fo1A Virtual device non-authorized access
Fn1B Virtual device over-voltage at remote EMS including "side A"
Fn1C Virtual device under-voltage at remote EMS including "side A"
Fn1D Virtual device over-current at remote EMS input including "side A"
Fn1E Virtual device over-current at remote EMS output including "side A"

of the error (see Table 2).

in a setup where two power lines are controlled via one CANopen network.

The character "n" shall indicate a number in the range of [0;8], depending on the logical device that was source

NOTE The terms "side A", "side B" allow to distinguish between both sides of a voltage converter, for example
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8 Operating principles

8.1 General

Clause 8 provides a description of the operating principles, device modelling and an application
FSA.

8.2 Functional description

8.2.1 General

The energy management system (EMS) consists of devices, for example:

nergy management system controller (EMSC);

vpltage converter unit (VCU);

ttery system.
It aldo consists of optional devices, for example:

— security unit;

— npanufacturer device.

Battgry systems are charged or discharged by a VCU, while located inside or outside of the
EMS|[ The switching from one battery system to another is handled by the EMSC.
See plso 8.3.3.5 and Annex E.

Eachl device connected to the EMS shall be able' to limit its voltage, current and ppwer
consumption to avoid overload of the system and\o adjust the power consumption to the ppwer
availgble in the system. The voltage, current and power limits of every device connected tp the
EMS|shall be known and controlled by the EMSC.

NOTH Active devices, for example solar panelsyhydrogen fuel cells, or battery systems, deliver power to the public
infrasfructure via DC to AC VCU.

8.2.2 Voltages, currents, loads
8.2.2.1 General

The |voltage ranges are-specified in 7.2 of IEC TS 61851-3-1:2023 and the voltage rahges
definitions for EMS @re provided in 6.2.2 of IEC TS 61851-3-5:2023.

8.2.2.2 Current counting direction

This|subglalse specifies the current counting direction for applying the Kirchhoff's circuit laws.
In th
to th

NOTE According to the counting direction specification, the current flow to a consumer for example motor is counted
in a negative way. The current flow from a producer for example solar cells to the EMS is counted in a positive way.

8.2.2.3 General specifications for energy management systems (EMS) in EVs

The recommended system voltage for active devices shall be in the range as defined in 7.2.1
of IEC TS 61851-3-1:2023. The nominal voltage at AUX supply circuit shall be according to
7.2.3 of IEC TS 61851-3-1:2023.

Protection for maximum system current shall be checked and managed by the EMSC. Each
device shall be self-protected against over- and under voltage as well as against over-current
in both directions. See also Clause 13 of IEC TS 61851-3-1:2023.
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The maximum sum of all directly connected capacities shall not exceed 1 000 yF. The active
devices shall be protected against high currents (peak-currents) resulting from switch-on the
big capacitive loads. See also 12.1.6 of IEC TS 61851-3-1:2023.

8.2.3 Activating of the energy management system (EMS)
8.2.3.1 General

The EMS is activated and switched off by the EMSC only. For activating the EMS, the EMSC
shall handle the following tasks:

_ i heALX h-ciretit

pmote wake-up of the network participants;

—

Q

pmpatibility check according to 8.2.3.4;

— limiting and operating.
NOTH In addition the EMSC checks cyclically, whether further un-configured LSS slaves hayve accessed the EMS.
8.2.3.2 Initiate power up of the AUX circuit

Whep coupling the EV or the battery system to the DRI EV supply equipment, the DRI EV sypply
equipment can power on the AUX supply circuit according to 72.3 of IEC TS 61851-3-1:2023.
Alsolby using the battery system voltage, the EMS shall be able’to communicate with all deyices.

In cgse no battery system is available but other power<ources are available (e.g. VCU, kolar
cells), these power sources may be used to power thie AUX supply circuit. These other ppwer
sourges supply the AUX supply circuit so that all<connected devices are enabled to [start
comimunication.

8.2.3.3 Remote wakeup of the network'participants

The EMSC shall initiate the wake-up setvice as specified in D.3.4.

8.2.3.4 Compatibility check with regard to identity and electrical parameters

Prionl to the activation of power sources in the system a compatibility check betweep all
connected devices shall be done by the EMSC. The EMSC shall check the following CANppen
devige attributes:

— device type;

— supported functionality;

— device vendor;

— sgrial niimber;

— spftware and hardware version;

— physical limits (e.g. minimum/maximum voltage, maximum current);

— node-ID.

Within the CANopen object dictionary of the device, which hosts the EMSC, the object dictionary
index range from 1F80, to 1F88,, shall be supported. Beside the CANopen slave assignment

list these objects provide a database indicating the data required for device compatibility check.
After the compatibility check the EMSC allows activation of power sources, see also Annex B.

Prior to switch on an active device, the EMSC shall compare the maximum voltage of all active
devices to the voltages of the active devices with fixed (pre-defined/rated) voltage (e.g. battery
systems).
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3.5 Limiting and operating

Prior to switch on an active device with controllable voltage (e.g. voltage converter unit) the
voltage limits of that active device shall be set to the voltage of the already connected active

dev

ice with the lowest voltage maximum.

Prior to switch on an active device with controllable current (e.g. voltage converter unit) the
current limit in both directions shall be set to the maximum current of the device with fixed (pre-

defi

NOT

8.2.

ned/rated) voltage (e.g. battery system).

E Example of implementation of compatibility check is given in Annex C.

4 Connection and disconnection of devices

It shpll be possible to add or remove devices (e.g. battery systems, voltage converter)
from|the EMS. The connecting and disconnecting of devices to or from the EMS sha
detegted by the EMSC. The EMSC shall switch off the power in the EMS, see also 8.4.4.

Aftenl connecting an either active or passive device, the EMSC shall éxecute a compati
check as specified in 8.2.3.4. Handling of multiple sources is described-in Annex E.

8.2.

| "Sleep"

All devices in the system shall support the "sleep".

NOT
(0,1

The
the

NOT

The

g1 For implementation according to Annex D, "sleep” maintains at least for a certain
ms).

maximum current consumption of all EMS-connected devices shall be chosen in a way
hattery systems are not deeply dischargedi(see also 7.2.3 of IEC TS 61851-3-1:2023)

g2 Transition from "sleep" is possible to "controller switched on" according to Annex

with the remaining energy bufferéd in the battery system. All devices consume only the p

that

s required for holding the.microcontrollers (EV-EMSC, EMSC, local EMS) in "sleep'

to wait for further communication on CAN.

8.3
8.3.

Use case specific definitions for EMSs in EVs

1 General

This|subclausé provides examples of several use case specific definitions for EMS.

The
IEC

8.3.

DRJ EV supply equipment is classified according to the EV supply system configurati

o or
Il be

bility

time

that

D.

'sleep" is considered as an energy saving mode; the vehicle is still capable to power up

bwer
and

bn of

S.61851-3-1-2023 as follows:

EV supply system configuration type A;
EV supply system configuration type B;
EV supply system configuration type C;
EV supply system configuration type D;
EV supply system configuration type E;
EV supply system configuration type F.

2 EMS in operation

In case the EMS is in operation, the EMS is controlled via the EMSC. In case there is no active
EMSC, the EMS shall transit into the safe state, see also 8.4.4.
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8.3.3.1 General

Design and implementation for EV supply system configurations Types "A-F"

This subclause covers the concept for power transfer between a battery system (in the EV) and
a DRI EV supply equipment. But this does not exclude other applications using the DRI EV

supp

ly equipment for further energy consumers/generators.

See also Annex A for use cases.

8.3.3.2 EV supply system configuration Type "A"

EV s

supp
sSupp

In E

upply system configuration Type "A", a removable or non-removable RESS and the-}
lied with energy using a portable or mobile DRI EV supply equipment connected tq
ly network over a fixed cable on vehicle side (case "A"). See Figure 2.

V supply system configuration Type A the VCU, the battery system and the EMS(

placed inside the EV. The use of EMS is optional as long the battery system'is not remov

If thq
stan

battery system is removable, at least the battery system has to comply with the rele
lards for example EN 50604-1:2016 for removable battery systems:

FV is
the

are
able.
vant
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Key Description Abbrevia
a supply network (AC or DC), and fixed installation (according to IEC 60364 )
b stationary equipment (see 6.7 of IEC TS 61851-3-1:2023)
c portable or mobile equipment (see 6.7 of IEC TS 61851-3-1:2023)
d EV (located inside of the electric vehicle) EV
1 portable or mobile DRI EV supply equipment (not permanently fixed to the EV)
2 pPortable or mobile DRI EV supply equipment
3 stationary DRI EV supply equipment
4 removable or non-removable RESS (battery system)
5 vehicle coupler (DC) (according to IEC TS 62496-4)
7 standard plug and socket-outlet (AC) (aggording to IEC 60884 or IEC 60309)
8 dedicated plug and socket-outlet (DC)~{according to IEC TS 62196-4)
9 A/B coupler (manufacturer specific)
10 EMS controller in the EV (aceording IEC TS 61851-3-4) EV-EMSC
11 human machine interface, ‘passive device, optional (according to CiA 454) HMI
12 | motor control unit, optional (according to CiA 454) MCU
13 EMS controller jn the VCU (according IEC 61851-3 series) EMSC
14 | security unit itnnthe VC optional (according to CiA 454)
15 security.unittin the EV (according to CiA 454)
16 | manufacturer specific battery system
17 | Aateway according CiA 454
18 L_sonversion device
19 voltage converter VC
20 load unit
* optional

Key list is valid for Figure 3 to Figure 8.

Figure 2 — EV supply system cConfiguration type A

8.3.3.3 EV supply system configuration type B and C

ion

In configuration type B and C, the EV is in operation (not in motion) while connected to DRI EV

supply

equipment. Plug present (proximity function) according

IEC TS 61851-3-1:2023 shall be activated in the EV.

to 7.3.1

of
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NOTE For EVs using accessories according to IEC TS 62196-4 over 60 V or over 5 A, under configuration type B
and C while connected to the supply network, plug present (proximity function) is provided according to 10.3 of
IEC TS 62196-4. For communication purpose, object 6311, can be wused according to

IEC TS 61851-3-5:2023.

This use case is considered as a lengthening of the EV energy management system (EMS).
The EV-EMSC functionality as well as the NMT master functionality remains in the EV. The
EMSC functionality as well as the NMT master functionality in the DRI EV supply equipment
shall be disabled.

In order to assure that only a single active EMSC is in the system, the EMSC hosted by the
VCU scans for the heartbeat of the EV-EMSC (node-ID 01h). In case VCU detects an active
NMT| master/EMSC, the EMSC master functionality in the DRI EV supply equipment shall act
as a[silent master. Neither NMT/LSS master, nor EMSC-related tasks shall be executed. 1n this
casel the EV-EMSC transfers all relevant data between battery systems and the VCU, sq that
the DRI EV supply equipment is enabled to execute the power transfer process.

In case the DRI EV supply equipment is supplying an EV battery system while.the EV is switghed
off, the DRI EV supply equipment acts as EMSC and NMT master. In case 'someone is activating
the EV respectively the EV-EMSC during the power transfer process; that EV-EMS(J will
became the active NMT master and will take over the energy management. The DRI EV sypply
equipment will act as silent master. In this case, the EV-EMSC\transfers all relevant |data
between battery systems and the VCU, so that the DRI EV supply equipment is enabled to
execlute the power transfer process.

See,|for portable device, Figure 3 and for fixed installation, Figure 4.
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Figure 3 — EV supply system configuration type B


https://iecnorm.com/api/?name=2d18998823100c3eb99da373f24cb481

IEC TS 61851-3-4:2023 © IEC 2023

—p>le

14

o— 117

8.3.3

In case a battery system is removed from the EV and-connected to a DRI EV supply equipn
ctive EMSC resides within the DRI EV supply €quipment. In such a use case, the ty
consists of a connection between one battery'system, a voltage converter with AC-t
erter functionality and the EMSC. The EMSC resides in the same CANopen device a
D-DC converter functionality. See, for pOrtable device, Figure 5 and for fixed installg

the 3
EMS
conv
AC-t
Figu

4

e 6.

)

Figure 4 — EV supply system cConfiguration type C

EV supply system configuration type D and E
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Figure 5 — EV supply system configuration type D
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Figure 6 — EV supply sytem configuration type E

8.3.3.5 EV supply system configuration type F

This|use case is typical for battery swapping station. One VCU canrhandle up to 16 instahces
of bgttery systems. See also Figure 7.
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Figure 7 — EV supply system configuration type F

8.3.3.6 Conversion device

With the conversion device it is possible to connect a proprietary EV to supply network
according to 7.1.8 of IEC TS 61851-3-1:2023. See Figure 8.
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Figure 8 — Conversion device for configuration type €

8.4 | Virtual architecture of the EMS
8.4.1 General

Thisjapplication profile for EMS defines several virtual devices¥Fhey share the CANopen opject
dictignary entries from 6000, to 67FF,. A logical CANop€&n device consists of one or more

virtual devices. A virtual device shall not be distributed{to several CANopen devices. Phyfsical
deviges are not defined. In case several virtual devices are implemented on the very §ame
CANppen device, the communication between thesevirtual devices may be handled locally, via
the gpplication.

8.4.2 Standard virtual EMS control network

The [standard virtual control network.is illustrated in Figure 9. The numbers indicatg the
maximum amount of instances in the context of the IEC 61851-3 series that may be integrated
in one EMS implementation. For maximum virtual control network, see Figure A.1.
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I_ _____________ | I_ _____________
! Active devices : ! Passive devices i
1 ! 1 :
Up to 16 instances ! \ Up to 3 instances ! R !
: ) 1or2or3 ! ; ) 14 !
: ! : I
1 1 1
Up to 16 instances 1 . ! Up to 4 instances ! 1
i ! =15 !
1 ! 1 \
1 ! I |
Up to 4 instances | : ' !
> 18° ; . !
[} | I !
v I 4 R « !
IEC
Key Description Abbrevidtion
1 portable or mobile DRI EV supply equipment (not permanently fixed to the ‘EV)
2 portable or mobile DRI EV supply equipment
3 stationary DRI EV supply equipment
4 removable or non-removable RESS (battery system) (according lEC 61851-3 series)
13 | microcontroller (with local EMS in the VCU (according IEC61851-3-4) EMSC

14 | security unit in the VCU optional (according to CiA 454)
15 | security unit in the EV (according to CiA 454)
18 | conversion device

* optional

Figure 9 — Virtual:standard architecture of the EMS

8.4.3 General application object (GAO)

Any |[CANopen device used in an EMS application, for example for EVs, shall support all
mandatory general application objects (GAOs) and may additionally support any amount df the
optignal general application objects. The GAOs provide on the one hand general information
on a|CANopen devjee./On the other hand, GAO provides information about locally meagured
EMS| conditions, for-example actual voltage or current. Those parameters are mandatory for
active devices and may be supported by passive devices.

Insjnces that may be integrated in one EMS implementation (normative):

nefgy management system controller (EMSC), see 8.4.4;

— voltage converter unit (VCU), see 8.4.5;

— Dbattery system, see 8.4.6;
Additional instances that may be integrated in one EMS implementation (informative):

— security unit, see 8.4.7;

— manufacturer-specific virtual devices, see 8.4.8;
— motor control unit, see A.3.2;

— load monitoring unit, see A.3.3;

— generator unit, see A.3.4;

— load unit, see A.3.5;

— HMI unit, see A.3.6;
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- S

ensor unit, see A.3.7;

— gateway, see A.3.8;
— |EC 61850 gateway, see A.3.9.

8.4.4 Energy management system controller (EMSC)

There is only one energy management system controller (EMSC) — see Annex B — located in
the EMS even in a lengthened EMS application. The virtual device EMSC may reside in
CANopen devices that support further virtual devices as well, for example a motor controller,

The

funclionality as well as the energy management in the EMS. The EMSC provides the

clien

In cgse a new device with EMSC functionality is added(to the EMS, this new device

eval

service "active NMT master detection" as defined in,€iA 302-2. Therefore the EMSC that
the gctive NMT master functionality shall be capable to act in the "active NMT master dete
protgcol" according to CiA 302-2. If a CANopen.device with the EMSC functionality is alr

avail
and
COB|

In E
scan

NMT| master services are redquired. In case there are additional master-capable de

avail
mas

devige that have to monitor the "new" active NMT master have to be preconfigured in a wa

that

masfer negotiation protocol.

In ca

8.4.9 “"Voltage converter unit (VCU)

This

from the power lines. The EMSC handles the on/off switching of the EMS)and ¢
ected devices. The EMSC shall recognize the limits of all vehicle couplers and cableg
installed in the EMS and shall protect them by limiting voltages and currents‘for each de
EMSC maintains security and safety of the entire EMS. The EMSC may control the ign

jevice hosting the EMSC shall provide the CANopen NMT mastérfunctionality, LSS m

s to the default SDO servers of all connected devices.

f all
that
vice.
ition

hster
SDO

shall

ate whether an EMSC is already available in theldetwork. This shall be done using the

ble in the EV, the newly connected device shall switch off its NMT master functior
5hall act as an NMT slave in the netwerk: In addition, this device shall set its SDO ¢
-ID parameters invalid.

Ihing for the heartbeat of that EV-EMSC (CAN message CAN-ID 701h). Therefore no

ble in the system, those)devices set their master activity only active, in case the pri
er (node-ID 1) is lost. ‘Those "secondary"” masters keep their original node-ID value. (

hey receive the heartbeat of all NMT master capable devices or that they understan

osts
ction
cady
ality
lient

V applications, the scanning for a vehicle-internal active EMSC (EV-EMSC) is dorHe by

lying
ices
mary
Dther
y sO
i the

se a faulty configuration is detected (e.g. several devices claim the same node-ID or there
are geveral-active NMT masters in the system), the entire EMS shall switch to a safe statg.

virtual device shall specify any type of voltage converter, for example:

— DC/DC converters (uni- or bidirectional);

— AC/DC converters (uni- or bidirectional);

— frequency converters (uni- or bidirectional).

NOTE This virtual device handles power transfer/discharging management, for example EV supply equipment.

8.4.6 Battery system

The battery system includes a BMS which provides the local EMS function of the battery system.
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8.4.7 Security unit (optional)

This virtual device allows connecting security-related devices to the EMS. This virtual device
may be implemented in devices hosting functionality, for example security device,
latching/unlatching vehicle coupler or plug, ignition key, main switch, etc.

NOTE The security unit is not specified in this document but is specified in CiA 454-10.
8.4.8 Manufacturer-specific virtual devices (optional)

Manufacturer-specific virtual devices allow integrating manufacturer-specific functionality; in
maxi i = ific vi i i impm 4
active and passive manufacturer-specific virtual devices shall be installed.

inite state automaton (device modelling)

9.1 General

The |device modelling described in Clause 9 applies for all CANopen, devices implemgnted
according to this profile and operated in an EMS. The operation ofcan EMS-connected dgvice
is prpvided in form of a finite state automaton (FSA) that defines\the behaviour of the EMS-
connected device as seen by the EMSC. This application profile introduces a FSA, which
enables the EMSC to control the EMS-connected devices. The/FSA consists of mandatory and
optignal FSA states and sub-states. Any EMS-connected device supports the mandatory|FSA
states.

Optignal FSA states are only supported in casé the related functionality is suppo¢rted
respectively required, by the devices connected.t0 the EMS. State transitions within the|FSA
are Based on device internal events (e.g. occurrence of device errors, value change, etc.) or on
the reception of the control word (see objest 6001,)). All devices connected to the EMS shall

support the FSA specified in Figure 11.

The FSA is controlled by the EMSC via the Device control object 6001,, and Device status opject
600Z;,. The NMT FSA as defined.in 5.3.2 of EN 50325-4:2002 and the EMS FSA are couplged in
the fpllowing way: a state change in the EMS FSA may trigger state changes in the NMT K SA.

The logical operation function unit of the device connected to the EMS implements an arbitration
mechanism between commands either received from local input or remotely by means of the
control word. The_logical operation of the EMS-connected device may initiate the transmigsion
of emergency messages, in addition to, but independent of emergency messages triggergd by
the gperation-6fthe EMS-connected device according to the specifications in EN 50325-4:2002.
The detailed\specification of the logical operation is not in the scope of this document, ror is
the lpcalcontrol mode. Returning to remote control mode may require device re-initialization.

The currentstatusof the EMS-conmected devitce is Teported as statuswordThe EMSTFSA is
also controlled by error detection signals. Figure 10 shows the structure of the remote and local
control function.
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control_word Local commands
Emergency Logical
message operation

FSA % Error detection

v

status_word

9.2
9.2.1

The
state

Figure 10 — Remote and local control

EMS finite state automaton (FSA)
State definition

EMS finite state automaton (FSA) as specified in Figure 11 shall provide the follo
s with the described behaviour in Table 4.

wing
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Table 4 — State description

Name Description

Initial This shall be a pseudo state indicating the start when the FSA is activated during
the start-up sequence of the active or passive device.

Disconnected The active or passive device shall transit to this state after power-on or NMT
application reset. The active or passive device shall be not connected to the power
lines and the CAN interface shall be disabled. However, in case the device
supports an own external power supply, the device's application may already be

running.
Connected In this state, the active or passive device shall be configurable via the network or
fIUIII d :uua: tCIIII;IIG:. ‘VAV’:‘ICII thc q\.tivc Ul pdbD;VU dUV;bU Ulltclb thlb DtdtU, [=] :;III; ed

energy is provided via the power lines in order to power the CAN communicatien
and applies its local layer settings, for example bit rate and node-ID. The.power
lines are not fed with full power respectively current.

Compatibility_Check The active or passive device awaits that it is checked by EMSC and waits for
further commands. In addition, the active or passive device may bBe-Configured ly
the EMSC. In this state, the EMSC executes the node-ID check. Inhcase the deyice

fails the compatibility check, the device may either remain in‘€ompatibility Chedk or
may transit to Connected or Disconnected.

Limiting?® This is a state for active devices only. In this state, the €electrical parameters shp
be limited to the operating limits of the EMS. @

Opefating In this state, the active or passive device shall gperate according to its application-
specific FSA, for example power transfer, disCharging, etc.

Final This shall be a pseudo state indicating theend when the FSA is destroyed due fo
the active or passive device is powered off.

Confroller_Switched_On Status indicating that the device application is powered-on.

Runl‘ling Status indicating that device is'ready to operate in the EMS in principle.

Maskerless_Operating The device manages the electrical interface to the EMS locally, so that the devige

is operating within its opefational limits. The device in this state is no longer
controlled via the EMSCY This is an optional state but mandatory for stationary
EMSs.

"Slelep" Energy saving mode (see 8.2.5).

NO'I{E For error description, see Clause 7.

a8 This state was introduced for assurinng a safe power up. Dynamic limitation takes place in Operating.



https://iecnorm.com/api/?name=2d18998823100c3eb99da373f24cb481

IEC TS 61851-3-4:2023 © IEC 2023 - 37 -

° 0

255
l Controller switched on —
125 > Sleep mode
—.[ Disconnected J‘ \ P
y 12
8 2
v . 126
9 [ Connected |
- 4N 13
7 & 3
/ ¢ Running \
5
Compatibility
> check
Limiting
(for active
1 device only)
| 6

Masterless
operating

/

IEC

NOTH Numbers shown in Figure 11 are the number of transition in Table 5.

Figure 11 — EMS FSA

9.2.2 Transitions of the EMS-FSA

The FSA shall support the state transitions as given in Table 5.
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Table 5 — Events and actions
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Transition Event(s) Action(s)
1 Automatic transition after power-on or in NMT sub-state Update status word (see IEC TS
reset application 61851-3-5)
2 Automatic transition after connection of the device to the Update status word (see IEC TS
EMS 61851-3-5)
3 Automatic transition after successful setting of the Update status word (see IEC TS
CANopen device's local layer settings 61851-3-5)
4 Enter Operating state in control word; for passive devices Update status word (see IEC TS
only £1851-3-5)
5 Enter Limiting state in control word; for active device only Update status word (see IEGTS
61851-3-5)
6 Enter Operating state in control word for active device Update status word (see |EC TS
61851-3-5)
7 Enter Connected state in control word; NMT service reset Update status word (see IEC TS
communication; In case EMS FSA is in Operating state, any | 61851-3-5)
NMT state change causing leaving of NMT operational;
8 Automatic transition after disconnecting the device from the | Update.status word (see IEC TS
EMS 61851+375)
9 Enter Disconnected state in control word; automatic Update status word (see IEC TS
transition for passive devices in case they are disconnected ¢ 61851-3-5)
from the EMS but have still their own external power supply;
NMT service reset node
10 Detection of the absence of the EMSC Update status word. Local contro| of
the device's EMS inputs and outputs.
(i Enter Compatibility check state in control word Update status word
12 Detection of Wake up event and node-ID equal FF, Update status word
3 Detection of Wake up event and node-ID-unequal FF, Update status word
125 Transition to Prepare "sleep" in péwer management FSA Enter energy saving mode
(see Figure D.1)
126 Transition to Prepare "sleep'_in power management FSA Enter energy saving mode
(see Figure D.1)
455 Power off Leave state machine.
NOTE The status word is updated, even if it is not visible at the CAN-interface in certain FSA states.
10 General CANopen communication capabilities in EMSs
10.1( Network management
The poeodtcup procedure defined in CiA 302-2:2009 shall be used. The heartbeat protocol shall

be supported as speciied in EN 50325-4:2002.

The EMSC monitors the CANopen devices via the heartbeat mechanism. In addition, all active
devices shall support a TPDO that is triggered by the reception on any SYNC message. EMSC
shall host the SYNC producer functionality. EMSC shall support the heartbeat consumer
functionality, so that the heartbeat messages of all network participants are received and

evaluated.

The device, which is determined as highest prior host controller in the EMS, provides the EMSC
functionality (node-ID 1), and acts as the NMT master, LSS master and energy management
master.

Other master-capable devices may be available in the system. The specification of handing
over from one EMSC to another is not in the scope of this document.
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NMT flying master capability as specified in CiA 302-2:2009 is recommended.

In case firmware updates for active — or passive — devices through EMS interface are required,
the firmware update is handled via CANopen according to the bootloader functionality, as
specified in 10.4.

10.2

SDO communication

Each active or passive CANopen device supports only the first SDO server channel as defined
in EN 50325-4:2002. In addition, the EMSC provides SDO client channels to all devices that
are connected to that EMS.

10.3
The

impl
impl
10.4
10.4

The
CAN
whic

mod
in Ci
10.4

A CA
exec|

605A
1F51
firmv

general PDO specification is given in EN 50325-4:2002, which specifies TRDOs fq
considered virtual devices. Depending on the provided functionality, a CANopenh device

PDO communication

ment RPDOs that allow reception of the required data to be enabled to providg
mented device functionality to the EMS.

Bootloader

1 General

2 Bootloader mode

Nopen device supporting this profile shall enter the bootloader mode in case it hosts

h sub-index 05, and disabling the firmware program by means of write access to o
- Figure 12 illustrates\the relationship between bootloader mode and operating a
are.

r all
shall
the

bootloader mode is required to update the firmware 6f CANopen device directly via the
ppen interface. A CANopen device staying in bootleader mode is a fully CANopen de
N has no running application program. Just the bootloader program is running, capab
manage the reception and handling of application{program. The handling of the bootlo
b in this profile is based on the mechanisms:for software download and control, proy
A 302-3:2010.

vice,
le to
ader
ided

and

utes no valid, running firmware_In addition, the EMSC is able to switch a CANopen dgvice
implé¢mented according to this profile to bootloader mode, by writing the right signature to o

bject
bject
valid
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. Initial

Check whether
valid firmware
is available

Boot with firmware
Reset application and
execute application

M [
Stop of firmware via program control object

Reset application

[
Start bootloader mode

Bootloader mode
(node-ID 126) A=

IEC
Figure 12 — Flow chart for switching between bootloader mode and application

A CANopen device staying in bootloader mede shall be indicated in the device type opject
1000y, by means of Bit 30 in the bit field "additional information".

In bootloader mode, at least the following objects shall be implemented and accessible by
meaps of the default SDO server: device type (1000,), error register (1001,), producer

hearfbeat time (1017},), identity (1018,,), program download (1F50y,), program control (1Fp1}),
application software identification (1F56), and flash status identification (1F57,). Optionally,
furthpr objects may be implemented.

The hew firmware is tfransferred to the CANopen device via SDO segmented transfer or SDO
block transfer to.object 1F50,,.

10.4{3 Starting and stopping the application program

Accgssifng the bootloader mode shall only be possible in case the CANopen device is in|[FSA
stat Cumpatibi“ty check—To—start—theboottoadet llludc, the CANupcn device's dpp“b tion
program shall be stopped. After the successful stop of the application program, the CANopen
device shall be forced to enter the NMT reset application sub-state.

Prior to force the CANopen device to enter NMT reset application sub-state, the "old" application
program should be deleted or the "Stop value (00,)" in object 1F51, should be set to power on

value. This handling avoids restarting the "old" application program unintended after NMT reset
application.

NOTE In EV applications; a CANopen device in bootloader mode claims the fixed node-ID 126.

In bootloader mode, the new application program/firmware shall not start automatically. The
CANopen device shall wait for a start program command by means of the program control object
1F51y,.
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As soon as the application program/firmware is started, primarily the CANopen device shall
enter NMT application reset sub-state. This shall reset the application and communication
parameter including the device type object 1000y,.

10.4.4 Application program file format

The application program file format is manufacturer-specific. To keep the CANopen devices in
electric vehicle applications simple, the validity of the downloaded application software is
directly checked either by the provider of the application program file or by the EMSC.

and
rmat
specified in 10.4.4. The application program illustrated in Figure 13 is described by [seyeral
progfam identifiers, specified in Figure 14, Figure 15, Figure 16, Figure 17 and Eigurg 18.
Program identifiers start with keywords, followed by the related parameter value, \for example:

- ANopenSoftware-ID;

- ANopenVendor-ID;

- ANopenProductCode;

- ANopenSoftwareVersion;
— and $CANopenVendorName.

With|n a program identifier, the parameter value is encapsulated by means of the value|00,,.
Parameter values, providing a numerical value, shall_ptovide this value as hexadecimal vyalue
and phall start with Ox. Parameter values that provideva literal value shall start with a $ sign.
The |program identifiers may be located anywhere in the application program. Location| and
ordef of the program identifiers within the appliéation program is manufacturer-specific.

NOTH 1 However, the location of the program identifiers is not defined, grouping the keywords as a program header
or trafler eases the program handling.

Tablge 6 provides the value definition. Fhe 32-bit hash value (<Hashvalue32-bit>) is calculated
in a manufacturer-specific way.

‘Byteo ‘Byte1 ‘ ‘Bytex ‘
0 X

IEC

Figure 13 — Application program

$CANopenSoftware-ID [ooh | <Hashvalue32-bit> looh |
5 29 24 oo 29 39
IEC
Figure 14 — Program identifier 1
$CANopenVendor-1D ‘ 00h ‘ Vendor-ID | 00h ‘
0 17 18 19 26 27

IEC

Figure 15 — Program identifier 2
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$CANopenProductCode ‘ 00h ‘ Product code ‘ 00h |

0 19 20 21 28 29

IEC

Figure 16 — Program identifier 3

$CANopenSoftwareVersion | 00h | Software version ‘ 00h |
0 23 24 25 y y+1
IEC
Figure 17 — Program identifier 4
$CANopenVendorName ‘ 00h ‘ Vendor name | 00h |
0 18 19 20 z z+1
IEC

Figure 18 — Program identifier 5

NOTH2 The example provided in Figure 19 illustrates an example for transmitting the Program identifier 2 CANopen
Vend¢r-ID with the parameter value CAFEAFFE,. In this example, the first column indicates the string |to be

transferred. The second column indicates the hexadecimal values agcording to ISO/IEC 646.
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Table X — xxx

String Coding according to ISO/IEC 646
$ 24,
C 43,
A 41,
N 4E,
o 6F,
p 70,
e 65,
n 6E,
\ 56,
e 65,
n 6E,
d 64,
o 6F,
r 72,
- 2D,
I 49,
D 44,
\ 00,
0 30,
X 78,
C 43,
A 41,
F 46,
E 45,
A 41,
F 46,
F 46,
E ARh
\ 00,

IEC

Figure 19 — Example for program identifier handling
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Table 6 — Value definition

Name Description Entry
category

Keyword indicating that this program identifier provides the
$CANopen_Software-ID CANopen_Software-ID. The keyword shall be coded as Mandatory
VISIBLE_STRING and shall start with a $ sign.

CANopen_Software-ID parameter value, coded as a
VISIBLE_STRING. The CANopen software ID shall
correspond to the entry given in object 1F56,. The most

significant byte shall be transmitted first; the least
significant byte shall be transmitted as last byte. The value
shall start with Ox.

<Hashvalue32-bit> Mandatory

Keyword indicating that this program identifier provides the
$CANopenVendor-ID CANopen Vendor-ID. The keyword shall be coded as Mandatory
VISIBLE_STRING and shall start with a $ sign.

CANopen_Vendor-ID parameter value, coded as a
VISIBLE_STRING. The CANopen_Vendor ID shall
correspond to the entry given in object 1018, sub-index

01,. The most significant byte shall be transmitted first, the

least significant byte shall be transmitted as,last byte of
the CANopen_vendor-ID. The value shall, start with Ox.

Vendor-ID Mandatory

Keyword indicating that this progtam identifier provides the
$CANopen_Software_Version CANopen_Software_Version/The keyword shall be Optionp
coded as VISIBLE_STRING and shall start with a $ sign.

CANopen_Software_Version parameter value, coded as a
VISIBLE_STRING.

. The CANopen_Software_Version shall correspond to the )
Software version entry given in object 100A, sub-index 00,. The most Optiong

significant byte shall be transmitted first; the least
significant(byte shall be transmitted as last byte of the
software\version. The value shall start with 0x.

Keyword indicating that this program identifier provides the
$CANopen_Product_Code CANopen_Product_Code. The keyword shall be coded as Optionp
VISIBLE_STRING and shall start with a $ sign.

CANopen_Product_Code parameter value, coded as a
VISIBLE_STRING. The CANopen_Product_Code shall
correspond to the entry given in object 1018, sub-index
02,. The most significant byte shall be transmitted first; the

least significant byte shall be transmitted as last byte of
the product code. The value shall start with 0x.

Product_Code Optionp

Keyword indicating that this program identifier provides the

$CA 1 /L ol N C-AN L ol N Tlo-ai A eloaltllo larel O ok
ANOpPEN_vemmaor_ivame CARNOPeN_venmaor_iName— e Reyword—Simanoecoadct—as opuon

VISIBLE_STRING and shall start with a $ sign.

CANopen_Vendor_Name parameter value, coded as a
VISIBLE_STRING. The initial letter of the vendor shall be
transmitted first. The parameter value of
CANopen_Vendor_Name shall start with a $ sign.

Vendor_Name Optional

NOTE 1 The entry category applies only in case the recommended structure for the application program is
supported.

NOTE 2 Mandatory is indicated if the option is used.
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10.4.5 Error management

10.4.5.1 General

Subclause 10.4.5 provides a pre-defined behaviour for specific error conditions

10.4.5.2 Interrupted firmware update process

In case the firmware update process fails, the CANopen device shall remain in the bootloader
mode, as there is no valid application program running. The firmware download needs to be
started again.

10.4)5.3 Reception of erroneous firmware

If th

¢ CANopen device is capable of detecting that it has received erroneous firmware

CANppen device shall reject execution of this program. Starting this firmware yia‘Object 1

shal

11

1.1

The
data
valu
Opti
obje
and

llgenerate an SDO abort code.

Representation of analogue values

General

hnalogue values of the same Sl-unit, defined in this documeént, are represented in the g
type as well as the same resolution. If not specified in_a different way in the related i
I definition, analogue values shall be given as_specified in 11.2, 11.3, 11.4 and

tt dictionary index range in a manufacturer-specific format. Clause 11 specifies data
esolution of analogue values, used in EMS;

11.2| Representation of generic analogue-'values

11.2]1 Percent

The

Hata type shall be UNSIGNED16. The value shall be given in multiples of 0,01 %.

11.2)2 Temperature

The

Hata type shall be INTEGER16. The value shall be given in multiples of 0,1 °C.

11.2{3 Temperature rate (AT)

The

Hata type shall be UNSIGNED16. The value shall be given in multiples of 0,001 °C/m

11.2)4/,TFime (days)

The

the
F51

ame
dex'
11.5.

nally, manufacturers may represent additionat)information in the manufacturer-spécific

type

data type shall be UNSIGNED32. The value shall be given in multiples of 1 day.

11.2.5 Time (minutes)

The

data type shall be UNSIGNED32. The value shall be given in multiples of 1 min.

11.2.6 Time (milliseconds)

The

data type shall be UNSIGNED32. The value shall be given in multiples of 1 ms.
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11.3 Electrical-related analogue value representation
11.3.1 Current

The data type shall be INTEGER32. The value shall be given in multiples of 1 mA. A positive
value shall indicate a current flow from the active device to the EMS (e.g. when discharging the
battery system). A negative value shall indicate a current flow from the EMS to the active device
(e.g. when charging the battery system).

NOTE The terms "charging" and "discharging" are used in IEC 61851-3 (all parts) very carefully, and only if the
situation is absolutely related to this issue. The term "power transfer" is used because the direction and purpose of
the power transfer is not known and not relevant for the requirement or considerations.

11.3]2 Electric charge
The fata type shall be UNSIGNED32. The value shall be given in multiples of 1 mAR.

11.3{3 Electric charge (for statistical purposes)

The fata type shall be UNSIGNED32. The value shall be given in multiples of 1 Ah.

11.3]4 Electric charge rate
The fata type shall be UNSIGNED32. The value shall be givelr in multiples of 1 mAh/day.

11.3|5 Energy power (for statistical purposes)

The flata type shall be UNSIGNED32. The value shall be given in multiples of 1 Wh.

11.3]6 Energy power
The flata type shall be UNSIGNED32. The\value shall be given in multiples of 1 mWh.

11.3]7 Frequency
The flata type shall be UNSIGNED16. The value shall be given in multiples of 0,01 Hz.

11.3/8 Power

The fata type shall bé INTEGER32. The value shall be given in multiples of 1 mW.

11.3{9 Power. factor

The fata type-shall be UNSIGNED16 and the value shall be given in multiples of 0,001.

11.3|10<.Resistor

The data type shall be UNSIGNED32. The value shall be given in multiples of 0,1 mQ.

11.3.11 Voltage

The data type shall be INTEGER32. The value shall be given in multiples of 1 mV.

11.4 Mechanical-related analogue value representation (optional)
11.4.1 Angle/circular position

The data type shall be UNSIGNED16. The value shall be given in multiples of 0,0055°.
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11.4.2 Distance (long)
The data type shall be UNSIGNED32. The value shall be given in multiples of 1 m.

11.4.3 Distance (short)

The data type shall be UNSIGNED32. The value shall be given in multiples of 1 mm.

11.4.4 Force
The data type shall be INTEGER32. The value shall be given in multiples of 0,01 N.

11.4)5 Rotational speed

The fata type shall be INTEGER16. The value shall be given in multiples of 1 rpm.

11.4]6 Revolutions

The fata type shall be INTEGER32. The value shall be given in multiples.of 1 revolution

11.4)7 Torque
The fata type shall be INTEGER16. The value shall be givenlitvmultiples of 0,01 Nm.

11.4)8 Velocity
The fata type shall be INTEGER16. The value shall'be given in multiples of 0,01 km/h.

11.5| Optical-related analogue value representation — Colour/brightness
The flata type shall be UNSIGNED32. The\object structure is specified in Figure 20.

31 24 23 16 15 8 7

Reserved Blue Green Red

MSH

Figure 20 — Object structure
Bit O[to 7 provide the proportion of red, given in multiples of 0,4 %.
Bit 8[to 15 provide the proportion of green, given in multiples of 0,4 %.

Bit 1p.10.23 provide the proportion of blue, given in multiples of 0,4 %.

Bit 24 to 31 shall be always 0.

LSB
IEC
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Annex A
(informative)

System architecture and use cases

A.1 General

Annex A provides application profiles for EMS and some use case for stationary as well as
mobile applications.

A.2| Application profile for EMS

A.2.1 General

Appl|cation profile for EMS, see also 8.4.

The |maximum possible devices on a virtual EMS control network are given in A.2.2.{ The
minimum possible devices on a virtual EMS control network are given’in A.2.3.

A.2. Maximum possible devices on a virtual EMS control network

The [maximum virtual control network is illustrated in Figure A.1. The numbers indicatg the
maximum possible amount of instances that may be integrated in one EMS implementatiop.
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10/13

Active devices Passive devices

1
1 1
| 1
! |
1
Up to 16 instances 1or2or3 1 Up to 3 instances 14% 15+ !
1 ) : 1 ) :
1 1 1
1 1 1 !
Up to 16 instances | 4 ] Up to 8 instances ! 11+ .
: | | !
Up to 4 instances | 12 ' Up to 10 instances 20+ 1
1
i ) : 1 |
1 1 1 :
Up to 4 instances : 16 \ Up to 1 instances : 17+ !
|> : 1 > !
1 1 1 :
I 1 I
Up to 4 instances 1 18 1 Up to 1 instances 1 !
h 17+ 1
1 1 1
1 1 1 !
Up to 16 instances ! 20 ! Up to 4 instances/! . X
> i > " |
1 1 1 :
Up to 16 instances | 21 ! ' '
> | | :
1 1 1 :
\ 4 e R 4 R -
IEC
Kely Description Abbreviation
1 portable or mobile DRI EV supply equipment (not permanently fixed to the EV)
2 portable or mobile DRI EV supply,equipment
3 stationary DRI EV supply equipment
4 removable or non-removable’RESS (battery system) Figure A.2
1d EMS controller in the EV (according IEC TS 61851-3-4) EV-EMSC
11 human machine interface, passive device, optional (according to CiA 454) HMI
12 motor control Unit; optional (according to CiA 454) MCU
13 microcontreller (with local EMS in the VCU (according IEC 61851-3-4) EMSC
14 securjtyzunit in the VC optional (according to CiA 454)
15 security unit in the EV (according to CiA 454)
16 manufacturer specific battery system

1 gateway according CiA 454
18 conversion device

20 load unit

21 active device

22 passive device

optional

Figure A.1 — Virtual maximum architecture of the EMS

A.2.3 Minimum virtual EMS control network

The minimum virtual control network is illustrated in Figure A.2. The numbers indicate the
minimum needed amount of instances that has to be integrated in one EMS implementation.
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10/13

4) 1or2or3

A.3| General application object

A.3.7 General

Accdrding to 8.4.3, any CANopen device used in an EMS application, for example for EVs,
support all mandatory general application objects (GAGOs) and may additionally support
amount of the optional general application objects. The GAOs provide on the one hand ge
information on a CANopen device. On the other hand, GAO provides information about Ig
measured EMS conditions, for example actual‘\woltage or current. Those parameters
mandgatory for active devices and may be supported by passive devices.

Instgnces that may be integrated in one EMS implementation:

vpltage converter unit (VCU),(s€e 8.4.5;

ttery system, see 8.4.6;

security unit, see 8.4.7;

otor control unit;

Ipad moniteting unit;

generatorwunit;

load unit;
MY} 1init:

anufacturer-specifie virtual devices, see 8.4.8;

nergy management system controller (EMSC), see 8.4.4;

IEC

Figure A.2 — Virtual minimum architecture of the EMS

shall
any
heral
cally

are

— sensor unit;
— gateway;
— |EC 61850 gateway .

A.3.2 Motor control unit

This virtual device handles the motor management and provides all objects required for remote

motor control.

NOTE The load monitoring unit is not specified in this document, but in CiA 454-7.

A.3.3 Load monitoring unit

This virtual device monitors the state of health of active devices.
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NOTE The load monitoring unit is not specified in this document but in CiA 454-8. According to the security concept
provided in the CiA 454 series, the load monitoring unit acts as counterpart for the security unit in public power
transfer infrastructure.

A.3.4 Generator unit

This virtual device provides energy to the EMS.

NOTE The generic generator unit is not specified in this document but in CiA 454-13.

A.3.5 Load unit

Th H, 1l : £ 4 = Q
IS [virtoaraevice consumes ClHCTTygy MU uic Livio.

NOTH The generic load unit is not specified in this document but in CiA 454-14.
A.3.6 HMI unit

This|virtual device handles HMI device management and provides all objects required fof the
remgte control of the HMI control unit, for example to display the current/settings of an aftive
devige to the end user, the HMI control unit may be implemented in any,CANopen device.

NOTH The HMI is not specified in this document but in CiA 454-9.
A.3.7 Sensor unit

The |sensor unit is implemented in any kind of sensots, for example velocity- accelerafion-,
biomletric-, or GPS sensor, in order to allow remote cantrol of the sensor via CANopen.

NOTH The sensor unit is not specified in this document but\n*CiA 454-11.
A.3.8 Gateway

The pateway provides any kind of gateway functionality in order to allow communication [links
via, for example, CANopen to Bluetoath; CANopen to Wireless Local Area Network (WLAN),
etc.

NOTH The virtual device Gateway.is.hot specified in this document but is specified in CiA 454-12. In adgition,
CiA 3[15 provides communication techniques to run CANopen on a wireless transmission media and to allow access
from g wireless transmission mediato CANopen networks.

A.3.9 IEC 61850 gateway

The [EC 61850 gateway allows the data exchange between an EMS application and the cgntrol
system for pubfic electric power systems.

NOTH 1 ThelEC 61850 gateway is not specified in this document but in CiA 454-12.

A.4 “—Use-ecases{infoermative}

A.4.1 EV use case

In these applications, the availability of several energy sources (e.g. battery systems,
generators, etc.) as well as several energy loads (motors, sensors, lights, displays, battery
systems, etc.) requires a comprehensive energy management. This document introduces
therefore a DC power circuit that is controlled via a CANopen network.

Figure A.3 illustrates such a typical EMS application. The battery system provides the energy
to the motor. The EMSC provides not only valid set points to the motor but is also responsible
for the energy management; for example in case of lengthening the application by plugging a
VCU to the EV. Displays and biometric sensors may be powered via the EMS as well, and offer
the driver of the EV enhanced functionality.


https://iecnorm.com/api/?name=2d18998823100c3eb99da373f24cb481

- 52 - IEC TS 61851-3-4:2023 © IEC 2023

IEC

1 energy management system controller

battery system

voltage converter unit

human machine interface

2

3

4 DC power circuit
5

6 motor control unit
7

sensor

Figure A.3 — EMS application in EV

A.4.2 Stationary use case

Subglause A.4.2 provides typical use cases for stationary EMSs, see Figure A.4.
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IEC
Key
1 energy management’system controller
2 battery system
3 voltage converter unit
4 DC power circuit
5 AC._power circuit
6 DC load unit
7 AC load unit
8 DC generator
9 AC generator
10 Gateway

Figuré/A.4 — Typically stationary photovoltaic hybrid off-grid application

use(case may be a stationary photovoltaic off-grid application as illustrated in Figure

50lar cells produce power, which is provided to the DC or AC coupled consumers vig

the battery systems. As the devices are interconnected via CANopen, one host controller is
able to optimize the energy management (e.g. which energy source or load shall be activated
or disabled).

Another use case for stationary EMS application is the self-consumption regulation as illustrated
in Figure A.5.
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Key
1 energy management system caontroller
2 battery system
3 voltage converter unijt
4 DC power circuit
5 AC power circuit
6 DC load unit
7 AC loadanit
8 DC-generator
10 Gateway

11 not part of this document

Figure A75— Use case according to self-consumption regulation

In thjs use cases.the EMS is used to regulate the submission of self-produced energy t¢ the
public infrastrlicture. The solar cells produce the energy, and the produced energy may be
buffgred insa-battery system, until the best moment (e.g. with regard to making profit) of
submitting .the energy to public infrastructure is reached. The accompanying CANopen-based
contfoknetwork of the EMS approach realizes this management.
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Annex B
(normative)

Energy management system controller (EMSC)

B.1 General

Annex B specifies tasks and application objects of the virtual device energy management

system controller (EMSC).

B.2 | Object dictionary

B.2.1 General

The |CANopen device hosting the virtual device EMSC shall provide network manage
masfier functionality as specified in CiA 302-1:2009.

B.2. NMT communication objects

B.2.2.1 General

The pbjects shall be used to identify CANopen devices connected to the EMS.
B.2.2.2 Object 1F80,: NMT startup

The EMSC shall implement this object. Among*others, this object indicates the device's
masier capability. For details, see CiA 302-2:2009.

B.2.2.3 Object 1F81,,: NMT slave assignment

ment

NMT

This|object shall be implemented..lt assigns CANopen devices to the NMT master, the d¢vice

that shall implement this object.\For details, see CiA302-2:2009.

B.2.2.4 Object 1F82;:.Request NMT

This|object shall be implemented. It allows requesting a specific NMT service for a urn
CANppen device in.the network or for all CANopen devices in the network. For details
CiA302-2:20009.

B.2.2.5 Object 1F84,: Device type identification

This |object shall be implemented. It is used for verification of the other network participarn

ique
see

ts in

the EMS applicalion. For detalls, see UIASUZ-£2.ZUUY.

B.2.2.6 Object 1F85,: Vendor identification

This object shall be implemented. It is used for verification of the other network participants in

the EMS application. For details, see CiA302-2:2009.

B.2.2.7 Object 1F86: Product code

This object shall be implemented. It is used for verification of the other network participants in

the EMS application. For details, see CiA302-2:2009.
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B.2.2.8 Object 1F87: Revision number

This object shall be implemented. It is used for verification of the other network participants in
the EMS application. For details, see CiA302-2:2009.

B.2.2.9 Object 1F88,: Serial number

This object shall be implemented. It is used for verification of the other network participants in
the EMS application. For details, see CiA302-2:2009.

B.2.3— Produced-application objects
B.2.3.1 General

Subglause B.2.3 defines the application objects produced by EMSC.
B.2.3.2 Object 6080,: EMS status

This|object shall provide the status of EMS.

Figufe B.1 illustrates the value structure. Table B.1 shall provide-the value definition. Tabl¢ B.2
specifies the object description and Table B.3 specifies the entry“description.

15 6 5 0
R EMS status

MSB LSB

IEC

Figure B.1.~Value structure

Table B:1 — Value definition

Name Bit Value Description
EM$ status 0 0, Rower circuit off
1o Power circuit on
1 0, EMS is sleeping or on transition to "sleep”
1 EMS is not sleeping, ready to work
2 0, CAN communication is not working properly
1, CAN communication is working properly
3 0, Reserved (always 0)
4 Ub CvViS No Wd”liflg
1 EMS warning; reason shall be given in manufacturer specific object
5 0, EMS no error
1 EMS error; reason shall be given in manufacturer specific object
r 6 to 15 0, Reserved (always 0)
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Table B.2 — Object description

Attribute Value
Index 6080,
Name EMS status
Object code VAR
Data type UNSIGNED16
Category Mandatory
Table B.3 — Entry description
Attribute Value
Sub-Index 00,
Access Ro
PDO mapping Optional
Value range See value definition
Default value No

B.2.3.3

Object 6081,: Type of EV (optional)

Figufe B.2 illustrates the object structure. This object applies for mobile energy manage
only fand shall provide information about the type'of EV. Table B.4 and Table B.5 specifie
value definitions. Table B.6 specifies the object description and Table B.7 specifies the
description.
NOTH Vehicle classification is subject to local.@f/national regulation.

15 14 8 7 0

Reserve Speed EV type
MSB LSB
IEC

Figure B.2 — Object structure

Table B.4 — Value definition EV type

ment
5 the
entry

Value [hex] Description
00, Not applicable
B4+ B
02, Electrical bicycle
03, Motor-bike
04, Scooter
05, Wheelchair
06, Robot
07, to FF, Reserved
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Table B.5 — Value definition speed

Value [hex]

Description

B.2.!
This
NOTH

Figu
spec

00, Not applicable
01, to FE, Designed speed given in multiples of 1 km/h
FF, Designed speed equal or higher than 255 km/h
Table B.6 — Object description
Attribute Value
Index 6081,
Name Type of EV
Object code VAR
Data type UNSIGNED16
Category Mandatory
Table B.7 — Entry description
Attribute Value
Sub-Index 00,
Access ro
PDO mapping Optional

Value range

See value definition

Default value

No

.4 Object 6093,: EMSC:status
object shall provide the*current status of the EMSC.

This parameter is (primary intended to evaluate the EMSC functionality by, for example, diagnostic toq|s.

e B.3 illustrates the value structure. Table B.8 shall provide the value definition. Tabl¢ B.9

fies the object description and Table B.10 specifies the entry description.
15 0
Status
MSB LSB
IEC

Figure B.3 — Value structure
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Table B.8 — Value definition

Name Bit Value Description
Status 0 Silent master mode not active
Silent master mode active
1 EMSC is not controlling the energy management
EMSC is controlling the energy management
2to 15 Reserved; always 0
Table B.9 — Object description
Attribute Value
Index 6093,
Name EMSC status
Object code VAR
Data type UNSIGNED16
Category Mandatory
Table B.10 — Entry description
Attribute Value
Sub-Index 00,
Access ro
PDO mapping Optional
Value range Seepvalue definition
Default value No
B.2.4 Consumed application objects
B.2.4.1 General
Subglause B.2/4 defines the consumed application objects. The CANopen device hosting the
virtual devicé EMSC shall consume these objects.
B.2.4.2 Object 6090,,: Priority source (optional)

This object shall provide information about EMS sources and shall indicate switching on/off
priority of the sources. The sources, available in the EMS application, are listed in object 1F84,..

Sources with high priority provide more energy to the EMS than the sources with low priority.
Sources with high priority shall be switched on before and switched off after sources with low
priority, to maintain stable power distribution on the EMS. In case a source with high priority
does not provide enough energy to the EMS, additionally, sources with lower priority shall be
used. The values shall be given in multiples of 0,01 %. The value definition is provided in Table
B.11. Table B.12 specifies the object description and Table B.13 specifies the entry description.
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Table B.11 — Value definition

Value Description Function

0000, 0% Priority Device with lowest priority
To

2710, 100% Priority Device with highest priority

2711, to FFFF,

Reserved

Table B.12 — Object description

Attribute Value
Index 6090,
Name Priority source
Object code ARRAY
Data type UNSIGNED16
Category Optional
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Table B.13 — Entry description

Attribute Value
Sub-index 00,
Description Highest sub-index supported
Entry category Mandatory
Access ro
PDO mapping No
Value range 01, to FE,
Default value No
Sub-index 01,
Description Priority source node-ID 1
Entry category Mandatory
Access rw
PDO mapping Optional

Value range

See value definition

Default value

Manufacturer-specific

N
<°

Sub-index 02,

Description Priority source 2

Entry category Optional

Access rw

PDO mapping Optional

Value range

See value definition

Default value

Manufacturer-specific

‘\C)v To
Sub-index FE,
Description Priority source 254
Entry cdtegory Optional
Access rw
PDO mapping Optional

Value range

See value definition

Default value

Manufacturer-specific

B.2.4.3

Object 6091,,: Priority load (optional)

This object shall provide information about EMS loads and shall indicate switching on/off priority
of the sinks. Loads, available in the EMS application, are listed in object 1F84,,. The load with

low priority may consume more energy from the EMS than the load with high priority. The load
with high priority shall be switched on before and switched off after the load with low priority to
maintain stable power distribution on the EMS. The values shall be given in multiples of 0,01 %.
The value definition is provided in the Table B.14. Table B.15 specifies the object description
and Table B.16 specifies the entry description.


https://iecnorm.com/api/?name=2d18998823100c3eb99da373f24cb481

- 62 - IEC TS 61851-3-4:2023 © IEC 2023

Table B.14 — Value definition

Value Description Function
0000, 0% Priority Device with lowest priority
To
2710, 100% Priority Device with highest priority
2711, to FFFF, - Reserved

Table B.15 — Object description

Attribute Value
Index 6091,
Name Priority load
Object code ARRAY
Data type UNSIGNED16
Category Optional



https://iecnorm.com/api/?name=2d18998823100c3eb99da373f24cb481

IEC TS 61851-3-4:2023 © IEC 2023

— 63 —

Table B.16 — Entry description

Attribute Value
Sub-index 00,
Description Highest sub-index supported
Entry category Mandatory
Access ro
PDO mapping No
Value range 01, to FE,
Default value No
Sub-index 01,
Description Priority load 1
Entry category Mandatory
Access rw
PDO mapping Optional

Value range

See value definition

Default value

Manufacturer-specific

N
<°

Sub-index 02,

Description Priority load 2

Entry category Optional

Access rw

PDO mapping Optional

Value range

See value definition

Default value

Manufacturer-specific

.\0\‘ to
Sub-index FE,
Description Priority load 254
Entry cdtegory Optional
Access rw
PDO mapping Optional

Value range

See value definition

Default value

Manufacturer-specific

B.2.4.4

Object 6092,: EMSC request
This object shall indicate commands and requests to the EMSC.

NOTE This parameter is primary intended to influence the EMSC functionality by, for example, diagnostic tools.

Figure B.4 illustrates the value structure. Table B.17 shall provide the value definition. Table
B.18 specifies the object description and Table B.19 specifies the entry description.


https://iecnorm.com/api/?name=2d18998823100c3eb99da373f24cb481

- 64 - IEC TS 61851-3-4:2023 © IEC 2023
15 0
Request
MSB LSB
IEC
Figure B.4 — Value structure
Table B.17 — Value definition
Name Bit Value Description
Rlequest 0 0, No action
1 Request silent master mode
1 0, Request EMSC shall start or continue controlling the energy
management
1 Request EMSC shall stop controlling the energy management
2to 15 Ob Reserved; always 0
Table B.18 — Object description
Attribute Value
Index 6092,
Name EMSC request
Object code VAR
Data type UNSIGNED16
Category Mandatory
Table B.19 — Entry description
Attribute Value
Sub-Index 00,
Access rw
PDO mapping Optional
Value'range See value definition
Default value 0000,
B.3 Tasks of an EMSC

B.3.1

General

Clause B.3 clarifies the tasks of an EMSC, for example network management and compatibility
check. The recommended practice for these tasks of the EMSC is based on the system topology
as illustrated in Figure 9.

The EMSC manages all registered devices in a list within its object dictionary (1F84, to 1F88,,
6000,). In this listing, all devices are managed that were detected by the EMSC by means of

the layer setting services (LSS). Therefore, all LSS addresses are available for the EMSC to
check, for example after a power loss, whether still the same devices are available.
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It is task of the EMSC to register, manage and release all devices, participating in the EMS.

B.3.2 Start-up

The EMSC, hosting the LSS master, scans permanently the entire network for unconfigured
devices (CANopen node-ID equal to FF})) by means of the LSS identify non-configured remote

slave service (see CiA 305). The LSS master finds and distinguishes between the unconfigured
devices by means of the LSS fastscan service. The EMSC assigns unique node-IDs to the
unconfigured devices in the range 2 to 119. It is recommended that the EMSC administers all
LSS addresses of the detected devices in its object dictionary in the objects 1F84, to 1F88

(see CiA 302). The detected devices respectively the node-1D management is handled via the
objegt 1F81,,.
The EMSC configures SDO client channels to all detected devices and configures thé RPDOs,
which are complementary to the TPDOs of the detected device.
The EMSC executes a SDO read access to object 1000, (Device type)n1018,, (Identity) and
6000, (Supported virtual devices) for device identification. In addition.the EMSC adjust$ the
hearfbeat consumer for all detected devices.
B.3.3 Compatibility check
During the compatibility check, the EMSC evaluates, whether the detected devices are allpwed
to ogerate in the EMS. During compatibility check, the EMSC fulfils the tasks defined in Table
B.20
Table B.20 — Compatibility check
Requirements Condition
The EMSC verifies the origin of the Only if the device's origin fits, the compatibility check is going on;
detected device (device's identity, device otherwise failed.?
hard- and software version).
The [EMSC evaluates the supported victual If required the EMSC attempts adjusting the global instance
devifes. number by means of SDO write access to object 6000h "instahce
offset" bit field. Only if the maximum number of instances of that
type of virtual device is not exceeded and if the adjustment of| the
instance offset was successful, the compatibility check is
continued; otherwise failed.
For factive devices, the EMSC checks the In case these parameters fit, the device has passed the
parameters that are ‘relevant for operating compatibility test; otherwise compatibility check fails.
at the power linesy(device class, max.
voltgge, max. eufrent, etc.).

f applicable, the EMSC may execute a firmware update.

After passing the compatibility check successfully, the EMSC switches passive devices to FSA
Operating state directly. For active devices, the EMSC may limit the operating parameters at
the power lines by switching the device to FSA Limiting.

B.3.4 Releasing devices

In case a device is released from the EMS, the EMSC fulfils the following tasks:

— the EMSC disables the power lines of the device to be released in a safe way;

— the EMSC triggers a state transition to FSA Disconnected;
— the related entries in object 1F81,,, 1F84,, to 1F88,, are deleted,;

In order to allow a fast recognition of devices that had already been attached to that EMS,
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It is recommended to store the LSS addresses of all detected devices permanently in an EMSC-internal
memory.

— the related RPDOs are set to invalid;
— the related heartbeat consumer is set to invalid in object 1016y,;

— the number of global instances of that virtual device is decreased.

In order to avoid gaps in the instance number management it can be helpful to reduce the
instance offset of the remaining virtual devices of that class. In case this is done, the PDO
configuration shall be reconfigured as well.

In cgse a device detects an unintended absence of a device (e.g. by missing heartbeat), the
EMSC transfers the system into the safe state.

B.3. "Sleep”- mode

The EMSC is responsible for the "sleep" management. At the EMSC the final decision is tgken,
whether either the entire EMS or parts of it are turned to "sleep" or keptawake. The "sleep"
management is done as defined in Annex D.
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informative annex provides implementation guidelines for IEC 61851-3 (all parts).
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C.3.3 EMSC SDO handling

The EV-internal master claims the SDO default server channels of all other devices in the
network. Therefore the EMSC is responsible for transferring data that needs to be interchanged
between other devices in the network (e.g. a VCU requires the battery chemistry as well as

maxi

mum and minimum voltage for managing the power transfer process).


https://iecnorm.com/api/?name=2d18998823100c3eb99da373f24cb481

- 68 — IEC TS 61851-3-4:2023 © IEC 2023

C.4 Design of voltage converter unit communication for EVs

C.41 Use cases

A (public) power transfer infrastructure is not only be used for serving power transfer requests.
It is possible as well that the power transfer infrastructure is used as generic power supply for
the EV.

In such a scenario, for example, the heating can be enabled/disabled suddenly during the power
transfer process. This may cause a fast increase/decrease of the current and the measured
current at the VCU will differ from the "charge current” at the battery.

Such a scenario, as illustrated in Figure C.1, is not in the scope of Annex C.
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Key Description Abbreviation
a supply network (AC or DC), and fixed installation (according to IEC 60364)
b stationary equipment (see 6.6 of IEC TS61851-3-1:2023)
[ portable or mobile equipment (see 6.6 0of IEC TS 61851-3-1:2023)
d EV (located inside of the electric vehicle) EV
2 portable or mobile DRI EV_supply equipment
4 removable or non-removable RESS (battery system)
7 standard plug and_secket-outlet (AC) (according to IEC 60884 or IEC 60309)
8 dedicated plug @nd-socket-outlet (DC) (according to IEC TS 62196-4)
10 EMS contrallernin the EV (according IEC 61851-3 series) EV-EMSC
11 human machine interface, passive device, optional (according to CiA 454) HMI
12 moter-eontrol unit, optional (according to CiA 454) MCU
13 microcontroller (with local EMS in the VCU (according IEC 61851-3-4) EMSC
21 toad-omit

* optional

Figure C.1 — Voltage converter unit used as power supply for EV

C.4.2 Recommended power transfer protocol
Cc.4.21 General

In case a battery system is connected directly to the VCU, the VCU EMSC has full access to
the battery system by means of the CANopen communication link between the VCU and exactly
one battery system. Therefore the VCU-manufacturer can implement any manufacturer-specific
type of power transfer to the battery system, as full control of the battery system via the
CANopen communication link is guaranteed.
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The power transfer protocol described in C.4.2 is intended for power transfer with an EV in the
public. As there is only one master-application allowed, the master-application (EMSC) that is
available in the VCU is "silent" (refer to silent master, 3.18). As the EV-EMSC claims all Default
SDO server channels of all devices in the EV, the EV- EMSC moderates the power transfer
process. The VCU is not able to access EV-internal devices (e.g. the battery system) via SDO.
It is the task of the EV- EMSC to transfer all relevant data between the VCU and the battery
system.

C.4.2.2 Startup
After connecting the EV to the VCU, the VCU-EMSC detects the EV-EMSC's heartbeat (node-ID

1). Tjhe sequence diagram in Figure C.Z illusiraies the siarti-up. As EV-application, an RV is
used.
EV supply equipment EV
(including EMSC, VCU) EMSC
(node 127) (node, 1)
| I
i 1
Disconnected |
NMT master NMT master I
| == — - ) < —_—— =y
LSS master LSS master
| sync. TPDO sync. TPDO |
| |
I 1
L L
1 1
Connected I I
NMT mastetr'LSS master sync. TPDO
I - e - - ———— — >l
1 1
NMT ‘master LSS master sync. TPDO =
I Can buserrors possible Can bus errors possible >:
| Heartbeat node 1 |
Stop all master activity _|< |
<= 30T STertmede — (7 |
I 1
I |
X
IE(
Figure C.2 — Sequence diagram for startup of the connection
On detecting this heartbeat, the EMSC in the VCU (VCU-EMSC) is not allowed to fulfil the

following tasks:

— sending of NMT protocols;
— sending of EMSC-related TPDOs;
— sending of LSS protocols;

— device handling in general.
In addition, the VCU-EMSC:

— switches from SYNC producer to consumer;
— shall remain or switch to NMT operational,;
— shall switch EMS FSA to "Compatibility check".
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C.4.2.3 Compatibility check

Figure C.3 illustrates the scenario, when a new device is connected. The EV-EMSC reads the
configuration of the CANopen device "VCU" and executes among others the compatibility check
for the supported virtual devices. A major criterion for compatibility is that the maximum voltage
(index 6026y, of the battery system is located between minimum (index 6027,)) and maximum

voltage (index 6026,) of the voltage converter.

In addition it is required that the battery system is able to indicate the voltage limitations as well
as the input current limitations. The voltage converter is also able to limit the voltage as well as
the current input to the EMS

EV supply equipment EV
(EMSC silent, VCU) EMSC
(node 127) (node 1)

I Ready to use

|
|
New device I
connected | Heartbeat 127 |
I )LNew device connected
————— >
| Read configuration, properties etc. |
1€ 1
| <€ I
EMS-FS_A_ _state: | I
Compatibility check I = I
| |
| |
| |
| Write configuration |
|< like 6 000 (instance number) |
| € |
| |
I |
| i
|
|

IEC

Figure C.3 — Sequence diagram "New device connected"”

C.4.23 Configuration

At this point, the battery system is in EMS FSA Operating and the virtual devices supported by
the CANopen device "VCU" have successfully passed the compatibility check. During the
configuration, some information for the power transfer process is transferred between VCU and
battery (Sub-index = VDN by default). Figure C.4 illustrates this procedure.
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EV supply equipment EV
(EMSC silent; VCU) EMSC Battery system
(node 127) (node 1) (node x)
' T
1
Configuration I
Battery system I
EV supply equipment to be supplied | EMS-FSA
in system == == === K = = = — - I iy
compatibility
chack
Read battery system
parameter
>
EMS-FSA state:
compatibility
check <€

€

Write battery system
parameter

Tabl
The
start

Figure C.4 — Preparation of the power transfer procedure

b C.1 provides all data that is transferred by the EV-EMSC to the CANopen device "V
able applies with the restriction-that all potentially available, EV-internal voltage conve

with a global instance number of at least two.

EC

cu".
rters,
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Table C.1 — Data transfer from battery system to VCU's

Index OD
battery system

Index OD VCU

Description

6000, sub 01,

60FO, sub 01,

The (calculated) global instance number of the battery system is required
for RPDO configuration in the voltage converter. In addition the VDN is
required to check the Emergencies.

B00A, sub 01,

60F2, sub 01,

This parameter provides the device alarm capability.

If the battery system does not support this parameter, 0x0000 is written to
the voltage converter.

6100, sub 01,

60F3, sub 01,

This parameter provides the type of battery system.

6104, sub 01,

60F4, sub 01,

For example for error evaluations and timeout calculations, the rated
battery Wh capacity is required.

6072 sub 01,

6072, sub 81,

Device available output voltage

607

, sub 01,

6073, sub 81,

Device available output current

602§, sub 01,

60F5, sub 01,

The battery system's device maximum voltage (constant) is required for limiting
voltage.

6021, sub 01,

60F6, sub 01,

The battery system's device minimal voltage (constant) is required for
testing under voltage conditions.

6024, sub 01,

60F7, sub 01,

The battery system's maximum input current-during charge (constant) i
required for limiting the input current (device maximum continuous inpu
current).

accqrdingly.

Battery system VDN 1 is assumed. In case VDN differs, the battery systems indices sub-index shall be ada

The

transfer, from the battery system to the voltage converter, of the additional param
provided in Table C.2 allow a better error handling:.

Table C.2 — Additional parameters relevant for power transfer process

Ihdex OD Index OD Description
battery voltage
converter

6120, sub 01, 60F9, sub 01, \\Fhe parameter provides the maximum battery system temperature during
power transfer.

6121, sub 01, 60FA, sub01, | The parameter provides the minimum battery system temperature during
power transfer.

Battery system VDN 1\is’assumed. In case VDN differs, the battery systems indices sub-index shall be adapted

accqrdingly.

Furthermore, the EMSC provides the parameters as given in Table C.3 to the CANppen

devige VCU".

Table C.3 — Additional parameters relevant for power transfer process

Index OD
Voltage
converter

Description

60F1, sub 01,

The node-ID of the battery system to allow the reception of battery system's heartbeat and
emergency messages.

60F8, sub 01,

The intended power transfer limit is later in the power transfer process compared to the
relative Wh capacity 6164h and is required for stopping charge in case this limit is reached.

accordingly.

Battery system VDN 1 is assumed. In case VDN differs, the battery systems indices sub-index shall be adapted

pted

bters
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C.4.25 Limiting

The EV-EMSC shall configure the limits at the VCU's. The EV-internal EMSC sets the optional
objects 6046, (Device set maximum voltage) and 604B,, (Device set maximum continuous

output current) in the voltage converter. Table C.4 summarizes the most important parameters
for limiting.

Table C.4 — Most important parameters for limiting

Index OD Index OD Description
battery voltage
TONVeErter

6192, sub 01, 6192, sub 81, | Battery system estimated charging time

6193, sub 01, 6193, sub 81, | Battery system maximum charging time

6026, sub 01, 6046, sub 01, Device set maximum voltage

6024, sub 01, 604B, sub 01, Device set maximum continuous output current (optional)

Battery system VDN 1 is assumed. In case VDN differs, the battery systems indiCes sub-index shall adapted
accqrdingly.

NOTIE The battery system input current is considered equal to the voltage gonverter output current.

The [EV-EMSC shall check the correct configuration{>The configuration of the limiting is
illustrated in Figure C.5.
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EV supply equipment EV
(EMSC silent: VCU) EMSC Battery system
(node 127) (node 1) [z

| | |

| | |

| | |

| 1 |

| NMT operational 1 NMT operational _ |

i< | >i
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| Limitsy.current voltage

Figure/C.5 — Configuration of limitations

The |imits are given depending on the maximum current and voltage values as provided in Table
C.5.

Table C.5 — Limit calculation for battery systems

Parameter Name Required for Description
6020, Device dynamic voltage power transfer | The value is given in X % of the device
limitation maximum voltage (6026 ).
6022, Device dynamic current input | power transfer | The value is given in X % of the maximum input
limitation current during charge (6024, ).
6023, Device dynamic current continuous The value is given in X % of the maximum
output limitation output current continuous output current (6025,).

C.4.2.6 Start power transfer and power transfer in progress

The way the power transfer procedure is initiated is illustrated in Figure C.6.
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Figure C.6 — Start up procedure for initiate power transfer

The MCU requires an attached battery system to measure the voltage for starting the ppwer

transfet PTOCTSST Staltilly the POWET transfet PTrOoCeSSTCOVETS the fu”uvvilly etcpc.

a) The EV-EMSC initiates at the VCU "Apply processing" via the control word.

b) The EV-EMSC reads the battery system command at the VCU and commands "attach
battery system to the power line" via control word. The input FETs for power transfer are
activated
NOTE |If supported, input FETs are commanded separately.

c)
d)
e)

The VCU measures battery system voltage in attached state.

The VCU configures itself to the measured voltage.

The VCU provides power to the power line in the adjusted way of processing, for
example U, _const.
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Table C.6 summarizes the parameters that have to be transferred from the battery system to
the voltage converter so that the voltage converter is able to execute a safe and secure power
transfer procedure. Some parameters are available on the CANopen network via PDO. Others

have to be transferred cyclically by the EV-EMSC by SDO.

Table C.6 — Data transfer from battery to VCUs

Index OD
battery

Index OD
voltage
converter

Description

6009, sub 01,

60FB, sub 01,

Battery system alarm status to be transferred via SDO cyclically

6003, sub 01,

6002, sub 01,

Device status transferred via PDO MSN1

603k, sub 01,

603E, sub 01,

Actual current transferred via PDO MSN2, to detect a difference)betweg
VCU and battery system actual current, for example in case ef other
consumers

6040, sub 01,

6040, sub 01,

Actual voltage transferred via PDO MSNZ2, to detect errers

602, sub 01,

6020, sub 01,

Device request for dynamic voltage limitation transfefred via PDO MSN(I
(x % of maximum voltage of the battery systemj;

6023, sub 01,

6022, sub 01,

Device request for dynamic current input ljmitation transferred via PDO
MSN1 (x % of continuous input current)..?

616, sub 01,

6160, sub 01,

Absolut Wh capacity transferred in PDO MSN3

6164, sub 01,

6164, sub 01,

Relative Wh capacity transferredin®PDO MSN3

610§, sub 01,

6105, sub 01,

Highest temperature of the(battery system temperature transferred in PDO

MSN3

6192 sub 01,

6192, sub 81
h

Battery system estimated charging time

accqrdingly.

donverter).

Battery VDN 1 is assumed. In case VDN differs;\the battery systems indices sub-index shall be ada

a8 The battery system itself is not able to limit'its input current but it is able to ask for the limitation (at the vol

In orfer to allow the voltage ‘converter to send commands to the battery, the EV-EMSC tran
cyclically the parameters,listed in Table C.7 from the voltage converter to the battery syst

Table C.7 — Data transfer from VCUs to the battery

Ihdex OD
voltage
converter

Index OD
battery

Description

60F, Sub-01,

6001, sub 01,

Command from the VCU to attach/detach the battery system to/from thg
power line.

accordingly.

Battery system VDN 1 is assumed. In case VDN differs, the battery systems indices sub-index shall be adapted

The control of the power transfer process is illustrated in Figure C.7.

pted

fage

sfers
Bm.
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Figure C.7= Power transfer in progress

C.4.2.7 End of power transfer

There are two possibilities.for'the end of power transfer:

brupt, for examplé\in case the battery system detaches itself or the VCU stops the ppwer
supply in case the power transfer limit is reached;

alsmooth trafisition to stop the power supply. The VCU may request a "Detach" at the bqttery
siystem. The VCU may switch to stop processing either on command of the EV-EMSC ¢r by
tnigger of the local application.

Leaving/the processing state sets the d
VCUlL 56

transition.

ata of the battery system to be supplied invalid a
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D.1

Annex D
(normative)

Power management via "sleep"

General

Annex D specifies services and protocols for power management, for example "sleep" and
wake-up mechanisms. It considers CAN transceivers, which support power management and

are

bus,

1 Lol A - - 1 Lol s - Lol £ Las - L
ake-up capableAtransceiveris wake-up capabteifitiscapabteof- wakimgupviathe

for  example CAN transceivers compliant to ISO 11898-5:2007

ISO [11898-6:2013.

NOTH Awaking the EMS in a EV application can be triggered either by CAN traffic, via a local input’signal or f]

appl

idation-specific events.

D.2 | Operation principles

D.2.

General

The |power management provides services and protocols to'either set all or none o
CANppen devices, which support power management, to a mode of reduced power consum

D.2.

As

2 Pre-conditions

defined in D.2.2, the power management during "sleep" demands pre-conditions tha

prergquisite for the proper handling of switchingto™"sleep" and back to "Controller switched
The following pre-conditions shall be fulfilled-in’the EMS.

Unconfigured LSS slaves that entersNMT Initialisation state, shall not transmit any
essage. In case there has been no'LSS master request detected for at least 10 s, the
slave shall prepare "sleep".

he LSS master shall cyclically ask, whether there is an unconfigured LSS slave ir
network (for details see CiA:305). The cycle time for this request shall be in maximum

In case the NMT master intends to switch the system to "sleep"”, the NMT master sha
juist stop transmitting\the request for unconfigured LSS slaves but shall use the ser
specified in Clause) D.2 (see D.3.2 and D.3.3). In case no "sleep" objection has

received, the, LSS master shall stop the cyclically transmission of the reques
unconfiguredikSS slaves.

The |detection’ of the absence of the NMT master/LSS master/EMSC causes a diff
behgviour in stationary EMS applications in comparison to mobile applications according t
profile<V. In EVs accordmg to EV proflle 1, the absence or the NMT master/LSS master/E

CAN
or

urther

the
btion.

[ are

on".

CAN
LSS

the
1 s.

| not
ices
been
for

brent
p EV
MSC

ll In

sta’uonary EMSs thls condltlon trlggers the EMS FSA state transmon to "Masterless opera’uon
state. For detecting the absence of the master application, the heartbeat service is used.

D.2

.3 Finite state automaton for power management

The power management state machine as shown in Figure D.1 shall be implemented. This state

machine specifies the descent from "normal operation" to

"sleep". The "sleep" may be entered

in any NMT state. The "sleep" is only accessible from FSA Connected and Disconnected state
as specified in Figure 11.
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Figure D.1 — Power management FSA
The power management FSA shall provide the following states according to/Table D.1.

Table D.1 — State description

Name Description
Initigl Pseudo state, indicating the activation of the FSA«
Norrhal mode In this state, the CANopen device may operatekwith the maximum power consumptign.
Pregare "sleep" On entering this mode, the CANopen device shall stop communication activities. The¢
transmission of messages is stopped. This ‘state is left based on time condition
(tgut = "sleep” wait time). @
"Slegp"” In this state, the power consumption'of the CANopen device is reduced. The CANopen

device applies the actual "sleep" policy. The state is immediately left, if it was enterg¢d
with an active wake-up reason~A wake-up reason may be activated by a local event
(detected via local inputs) or.caused by activity on the network, detected by the CAN
transceiver's remote wakesup detection capability. A wake-up reason needs to be
handled by the local application and therefore requires leaving the "sleep".

Final Pseudo state, indicating the deactivation of the FSA.

a8 |n this state, the transmission and\reception of heartbeat messages is disabled as well. Requests fron] the
Ipcal SDO client, emergency messages and transmission of PDOs are inhibited. However, a CANopen dgvice
ih Prepare "sleep" state is still capable to react on wake-up conditions.

The FSA shall supportthe state transitions as given in Table D.2.
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Table D.2 — Events and actions

b

EV applications, unconfigured LSS slaves that do not receive an LSS master'sirequest for a period of]

tligger this transition as well.

Transition Event(s) Action(s)
1 Power on
2 Reception of service "set "sleep” is indicated. @ P Switch to FSA "sleep”
3 "sleep" wait time ¢, expired
4 CAN transceiver has detected wake up event on the CAN Switch to either FSA Disconnected or
bus. FSA Connected state depending on
the local settings
The CANopen device's application software has generated a 9
wake up event
5 CAN transceiver has detected wake up event on the CAN Switch to either FSA Disconnectgd or
bus. FSA Donnected state depending [on
) L the local settings
The CANopen device's application software has generated a
wake up event.
354 Power off
a8 Usually, the service "query sleep objection" is requested prior.

10s,

D.3

D.3.1

The
Clau

D.3.1

By m
in th
switg
obje
"que
trans
obje

mas

If thI service /sleep objection" is not indicated within the objection time-out ¢
e

Services

General

nandling of the "sleep" requires further services. These additional services are specifi
se D.3.

4 Service "query sleep objection and "sleep objection”

eans of the "query sleep objection" service, the NMT master queries all CANopen de
e network if a transition to "sleep" is possible. All CANopen device that are not ab

h to "sleep" because of @pplication-specific reasons shall request the service "s
ction". If the service "wake-up" is indicated during the objection time-out ¢.,,, the se

'y sleep objection” is.requested for a second time. Figure D.2 illustrates a rejg
ition to "sleep”. The'sleep” is rejected by CANopen device by means of the service "s
Ction™.

at the

oto
r, the NMT master may initiate the service "set "sleep".

ed in

ices
le to
leep
rvice
cted
leep

NMT
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|
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] Service Set "sleep”
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Figure D.2 — "Sleep" inhibited by objection

IEC

On the indication of the service Set "sleep”, all CANopen dévices shall enter the state Prepare

[ Sleep mode ]

"sledgp". In the state Prepare "sleep" the CANopen device shall not transmit any CAN messgges.
Afterl the "sleep” wait time ¢,,;, the CANopen device{shall enter the state "sleep”. Figurg D.3
illustrates the transition to the state "sleep" without indication of the service "LSS gleep
obje¢tion". Figure D.4 illustrates the use casge 'Of the request of the service "query gleep
objeg¢tion" for a CANopen device in "sleep".
In addition, an NMT master may request the service at any time in case the service "NMT gleep
objegtion" is indicated.
NMT.-master Devicg .
no sleep objection
I :
1 ™\
' [ Normal mode
1 r J
10—t !
' Query sleep objection \H
! 1
3 :
! 1
1 1
1 1
— -
Set sl d !
; et sieep mo e\’:
i i
: [ Prepare sleep mode ]
ALE
1
1
1
1
1

Figure D.3 — Transition into "sleep™ without objection

! IEC
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