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Foreword

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

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

of ISO documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve-the
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of any clai
rights in [respect thereof. As of the date of publication of this document, ISO had,réceived no
patent(s) which may be required to implement this document. However, implemefiters are caut

this may not represent the latest information, which may be obtained from the patent database ay
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljstuch patent rightg.

Any trad¢ name used in this document is information given for the coenvenience of users and|
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and e
related tp conformity assessment, as well as information about ISO's adherence to the Wo
Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew

les of the

use of (a)
d patent
ice of (a)

ijoned that

ailable at

does not

rord.html.

This docyment was prepared by Technical Committee ISQ/TC 23, Tractors and machinery for agric
forestry, Subcommittee SC 19, Agricultural electronics.

The docujment is intended to be used in conjunction with the ISO 11783 series and the other

ISO 23314§.
Alist of all parts in the ISO 23316 series canbe found on the [SO website.

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

Uture and

parts of

s body. A
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Introduction

Due to the requirements of modern agriculture, the precise control of implement functions is a key issue in
agricultural technology. The required precision is difficult to achieve with mechanical or hydraulic devices;
it is more efficient to provide control with electric and electronic means, i.e. electric power and ISOBUS. The
use of electric power allows implement manufacturers to offer farmers improved implements that provide
a higher degree of automation and navigation, resulting in greater precision, better power distribution, and
better controllability.

The purpose of the ISO 23316 series is to provide a design and application standard covering implementation
of electrical high-power interfaces operating with a nominal voltage of 700 VDC/480 V AC for manufacturers

of agricul

ural m:\{‘hinpry

The ISO 23316 series specifies the physical and logical interface requirements that provide interoperability
and cross|compatibility for systems and equipment.

Conformgnce to the ISO 23316 series means all applicable requirements from ISO 23316-1 to IS

are met.

D) 23316-7

It is permitted for partial systems or components to conform to the ISO 23316 series by applying all

applicable

NOTE 1

mode, as iffis not applicable. If an AC-mode only HPI is provided, it is not neceSsary to conform with ISO 233

describes

DC-mode, as it is not applicable.

The ISO 23316 series defines an interface between a power providing device (supply system) an
consumirlg device (consumer system), used within an automated electrified system in the agricultural

industry.
conjuncti
that invol

This series deals with electrical, mechanical and“bus communication objectives and

ve the high-power interface.

The following aspects are not within the scope of SO 23316:

— servi

Ce, maintenance, and related diagnastics;

— functjonal safety;

— contrpl strategies for high-powen supplies and loads;

— appli

fation-specific strategies and operational modes;

— complonent design;

— energy storage systems, e. g. supercapacitors or batteries;

— multi
NOTE 2

NOTE 3

ple electrical power supplies to a common DC link.

Axnex D lists some basic diagnostics by DTCs.

requirements, for example, for the plug, receptacle, or inverters, on‘atractor or an impl¢ment.

If a DC-mode only HPI is provided, it is not necessary to conform with ISO 23316-4 which degcribes AC-

| 6-5 which

l a power

s used in

bn with ISO 11783, which defines the ISOBUS. Eigure 1 portrays the elements of typical gquipment

For example, AEF guideline 007 handles some aspects of functional safety already.

© IS0 2024 - All rights reserved
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II
APP

[HPr-c|— 4

Key
Symbol
APP
PC/S
HPI-C
HPI-MC
VT

Description Symbol Description
application 1 high-power interface
power converter/switch 2 ISOBUS connector
high-power interface - control 3 power lines
high-power interface - master control 4 ISOBUS

virtual terminal (user interface) power corinection

supply system signakconnection

consumer system

Figure 1 — Typical elements of system incorporating a high-power interface

© IS0 2024 - All rights reserved
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Tractors and machinery for agriculture and forestry —
Electrical high-power interface 700 VDC / 480 V AC —

Part 6

Communication signals

1 Scop

e

This docyment specifies the communication interface, so that the transmitted parameters, signals and
btween a supply system (SS), with power converter/switch (PC/S) and high power ipterface -
master cgntrol (HPI-MC) including the tractor implement management (TIM) server, and a consu
application (APP) and high power interface - control (HPI-C) including the TIM client and the task

objects b

(CS), with
controller
initializat]

This docu
the paran
ISO 11783

NOTE

, can be used is in the agricultural industry. The mentioned signals.are used during ide
ion, operation, and shutdown modes of operation.

ment does not cover the definitions of suspect parameter numbers (SPNs) for the signg
heter group numbers (PGNs) for messages and the message setup. These definitions ar
and SAE J19309.

For information on messages (PGNs) see also Annex B.

2 Normative references

The follov
requirem
the latest

ISO 1623
componer

ISO 23316
480 V AC {

[SO 23316
480V AC {

1SO 23314
DC / 480

ISO 23316

ying documents are referred to in the text in such a way that some or all of their content ¢
bnts of this document. For dated referernces, only the edition cited applies. For undated r
edition of the referenced document(including any amendments) applies.

)-1:2015, Agricultural machinery and tractors — Safety of higher voltage electrical and
ts and systems — Part 1: General requirements

-1, Tractors and machinery for agriculture and forestry — Electrical high-power interface
— Part 1: General description

-2, Tractors and.machinery for agriculture and forestry — Electrical high-power interface
— Part 2: Physical layer

-4:20235Tractors and machinery for agriculture and forestry — Electrical high-power inter]
 AC — Part 4: AC operation mode

r system

ification,

Is, within
P given in

nstitutes
bferences,

electronic

/00 V DC /

/00 V DC /

face 700V

face 700 V

-5:2023, Tractors and machinery for agriculture and forestry — Electrical high-power inter]

DC /480

AC — Fart 5. DC operation mode

[SO 23316-7, Tractors and machinery for agriculture and forestry — Electrical high-power interface 700 V DC /
480 V AC — Part 7: Mechanical integration

[SO 11783 (all parts), Tractors and machinery for agriculture and forestry — Serial control and communications
data network

IEC 60204:2016, Safety of machinery — Electrical equipment of machines

SAE J1939DA, Serial Control and Communications Heavy Duty Vehicle Network — Digital Annex

© IS0 2024 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 23316-1, ISO 23316-2, ISO 23316-4,
[SO 23316-5, ISO 23316-7 and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISOO

nline browsing platform: available at https://www.iso.org/obp

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

31

direction of rotation

positive v
W positiv

Note 1 to
rotational

3.2
fieldbus
device int
fieldbus n
in a cyclic

3.3
fieldbus
device inf
data (e.g.

3.4

insulatiojn monitor

IM
device md

3.5

power converter/switch control

PC/S-C
control fq
typically

3.6

minimumn isolation resistance

MIR
value in fi
type, etc.

3.7
multi cor

alues for frequency or speed related to powering the power converter phases in the seq|
e torque means torque in the direction of positive speed

entry: If not stated otherwise (e.g. ground speed), the term ‘speed’ within this documentfefers
movement.

maindevice

egrated within inverter onboard supply system, controls actively thé communication ¥
etwork and requests/receives data to/from the fieldbus subdevice{([(8.3), subordinated d
ally and time-wise deterministic manner

subdevice
egrated within LLB on-board consumer system receives data (e.g. requests) from and
feedback) to the fieldbus maindevice (3.2) passively

nitoring the ungrounded system betweén an active phase conductor and the equipotentig

r AC mode, a power converter; for DC mode, a switch such as a contactor or solid-sta
hn integral part of the PC/S-C

pilure free_cendition but at worst case ambient conditions (considering humidity, fluid
in operation)

sumer system

lience UV

always to

vithin the
ontroller)

provides

1 bonding

Le switch,

s, cooling

MCS

system of more than one consumer systems or consumer system trains, connected to the HPI in any
combination of a series or parallel configuration

3.8

online insulation monitor

OIM
system to

measure the overall system isolation resistance onboard of the initial supply system

© IS0 2024 - All rights reserved
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39

parameter group number

PGN

3-byte CAN Message, 24 bit, representation of the extended data page, data page, protocol data unit (PDU)
format, and group extension (GE) fields

[SOURCE: ISO 11783-1:2017, 3.44]
Note 1 to entry: The parameter group number uniquely identifies a particular parameter group.

3.10
pre-charge procedure
capacitor charging procedure to balance different DC link voltage levels

3.11
pre- and discharge unit
unit to pre- or discharge the DC link connected via HP], typically an integral part of the PG/S-C

3.12
supply system master
SS-M
supply syptem that includes the initial power source, such as generator/rectifier unit or fuel cell, jgommonly
the tractdr, typically the HPI-MC also resides there.

3.13
suspect garameter number
SPN
19-bit number used to identify a particular element, component, or parameter associated with|a control
function

[SOURCE:ISO 11783-1:2017, 3.58]

Note 1 to ¢ntry: Suspect parameter numbers are assigned'to each individual parameter in a parameter group, and to
items thatfare relevant to diagnostics but are not presently a parameter in a parameter group.

Note 2 to gntry: See SAE J1939 definitions for more’ details.

4 VoltrLge classes

Table 1 indicates the range of voltages (as defined in ISO 23285).

Table 1 — Voltage classes

Maximum working voltage

Voltage class

VDC V ACRMS
VC-A 0<U=<60 0<U=<30
VC-A1l 0<U=<32 0<U=<21

NOTE 1

NOTE 2

VC-B 60<U<1500 30<U=<1000
VC-B1 60<U<75 30<U=<50
VC-B2 75<U=<1500 50<U=<1000

U = nominal voltage

The definition of RMS values in Table 1 is related to a pure sine wave form or the fundamental frequency of
a modulated signal. The RMS value of a modulated signal may differ from them.

Unipolar PWM is DC. Bipolar PWM is AC.

© IS0 2024 - All rights reserved
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5 General system overview

5.1 General

Initially, the basis for the communication between supply system (SS) and consumer systems (CSs), high
power interface (HPI) controllers (shown in Figure 2 and Figure 3) shall use the ISOBUS as specified in the
[SO 11783 series.

NOTE 1

NOTE 2

High speed ISOBUS and other alternative communication media such as Automotive Ethernet and
EtherCAT ™ 1) based technologies can be used but likely need an update to this document. For information, ISO
technical committees TC 82, TC 23 and TC 127 are collaboratively working on high-speed secure communication
interfaces.

Topologies showed in this clause are only examples, implementations can differ from them (elg,

of interfacgs).

If applicaple, as basis for the communication between Power Converter/Switch Controller (PC
applicatidn (APP)/load (shown in Figure 2), the fieldbus as defined in Clause 7 may be used.

The comrunication shall follow the TIM approach on ISOBUS.

NOTE 3

existing aytomation state machine, etc. Refer to AEF guidelines 023 on automationand 040 on security for

NOTE 4

As diagnostics is not in scope, Annex D gives an informative over¥iew of feasible DTCs.

5.2 Bagic AC-system topology

Typically,|an electric AC drive system consists of one Power Converter (PC, e.g. a three-phase

within th

of a CS vigd one HPI. A SS provides at least one HPI.

Application specific communication shall use ISOBUS, e.g. for transmission of working process
implemer]t (as CS) to tractor (as SS).

Load spe

rific communication shall use thefieldbus for ACL identification and transmission of

in number

S-C) and

Advantage of this approach is using already defined measures like secure communication, usage of an

Hetails.

inverter)

e SS which is connected to at least one Applicatiefi.(APP), in particular an AC-load (ACL), dn the side

lata from

feedback.

The fieldus shall be a 1:1 connection, enabling reliable and unambiguous communication betwgen Power
Converter (PC) and load logical box (LEB).

NOTE

The load specific communi¢ation between SS and CS is functionally necessary since there is a

electric drjve between Power Converter PC and ACL.

Eplit in the

1) EtherCAT ™ is a Tradename of Beckhoff, used as an example of a suitable product available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of this

product.

© IS0 2024 - All rights reserved
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I 2. ........ VT
HPI-MC
4
: TIM-S
. HPI-C
T
| TIM-C TC
—re - == L S - ET -
[ ] ! i
| | 7
l I ]
° =@= ! C t{pcchrt-—c——BB———- LB
DCINK 7 i I
L——#— RriC # # # PC H——G X7 — f
|
_L £ | 3 l 1 8 1
Coc | L.—
|
| 7 . _ Q
S vy A e S Y
# g Y "RCL ----------- :
' 3! 1 8  arpt2
L.—.
&
Symbol Description Symbol Dé(iption
power connection Q
_____ signal/bus connection ..............@\Q\\Optional signal connection
[ supply system II QO consumer system
1 high-power interface 5 \\&\ _  supply system communication bus (je.g. tractor
3 bus)
2 ISOBUS connector 4\6 ,,,,,,,,,,, consumer system communication blis (e.g.
\O implement bus)
3 | powerlines X C\)j“ 7 _ _ _  fieldbus (used also for interlock funftion)
4 ISOBUS C)\\ 8 . feedback signal (e.g. sensor signal)
ACL AC-load (e.g. electric motor@’ . PC (DC/AC) power converter
APP application O PC-C power converter controller
C controller of a device REC rectifier (AC/DC power converter)
Cpe DC link capacitor% T transmission
CE combustion en@\e TC task controller
DCLNK DC link Qr@ TIM-C tractor implement management - Clfent
HPI-C HPI - ¢ % TIM-S TIM - server
HPI-MC HPI ster control VT virtual terminal
&v (user interface, e.g. display)
LLB Clpad logical box

Figure 2 — AC-system topology example with two loads

The SS and CSs may include additional communication bus systems (as shown in Figure 2), these are not
within the scope of this document.

The interaction (sequences for identification, initialization, operation and shutdown) between SS [including
the Tractor Implement Management (TIM) server 2) on-board, e.g. a tractor] and CS [including TIM client
and Task Controller (TC) on-board e.g. an implement] is described in Clauses 6, 7 and 9 for fieldbus-based

systems.

2) Depending on specific topologies, an implement can also be a server.

5

© IS0 2024 - All rights reserved
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The total number of TCs of a CS is not specified by the example in Figure 2, it is permitted to use a dedicated
TC per APP.

5.3 Basic DC-system topology
|

T T T T T T T T T T
[C C '
|
CE T ¢
DCLNK +
REC 1 1
1
CDC
\W
Key Q
A\
Symbol Description Symbol &Q Description
power connection \\S\
_____ signal/bus connection . @ optional signal connection
I supply system A\% consumer system
1 high-power interface (HPI) \O 6 consumer system communication blis (e.g.
N~ implement bus)
2 ISOBUS connector C)\\O 7 — _ _  interlockloop
I power lines .. 8 . feedback signal (e.g. sensor signal)
4 ISOBUS @ 9 interlock signal line breaker
5 ——— supply system comm@;ﬁcation bus (e.g.
tractor bus) O .
ACL AC-load (e.g. ic motor) REC rectifier (AC/DC power converter)
APP applicatimQ S switch (contactor or solid-state swifch,
including pre- and discharge unit)
C con r of a device S-C switch controller
CDC %@k capacitor T transmission
CE &c mbustion Engine TC task controller
DCLNK % DClink THM-C tractor-mplement-management—ehent
HPI-C high-power interface-control TIM-S tractor implement management-server
HPI-MC high-power interface-master control VT virtual terminal
(user interface, e.g. display)
INV inverter (DC/AC power converter)

Figure 3 — DC-system topology example with two loads

Typically, an electric DC drive consists of a switch (this includes a contactor or a solid-state switch and
as well as a pre-/discharge device) that is connected with at least one APP (e.g. a three-phase inverter for

© IS0 2024 - All rights reserved
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a three-phase electrical machine) on the CS side via one HPI. A SS provides at least one HPI. A CS usually
includes a DC-load (DCL). A CS may act as SS for a subsequent CS.

Application specific communication shall use ISOBUS, e.g. for transmission of working process data from
implement (as CS) to tractor (as SS).

NOTE

Load specific communication between SS and CS is not needed since there is no split in the electric drive (as
shown in Figure 3: Split between INV and ACL in APP #1).

SS and CSs may include additional communication bus systems (as shown in Figure 3). These communication
systems are not covered by this document.

The interaction (sequences for identification, initialization, operation and shutdown) between a SS (including

the TIM sgTvers) on-board €.g. a tractor) and a including Client an on-board €.g. an imp
described in Clauses 6, 8 and 10 for Interlock Loop (IL)-based system:s.
The total humber of TCs of a CS is not specified by the example in Figure 3, it is permitted-to use a

TC per AHP.

6 Communication process and system handshake

6.1 System handshake phases

The syst¢gm handshake determines the communication between the’ LLB, PC/S, HPI-MC, and
Clause 5 for details of the topologies and abbreviations). The system handshake consists of the
phases (s¢e also Figure 4 and 5) after connecting the ISOBUS interface and the HPI:

a) identjfication;
b) initialization;
c) operdtion; and

d) shutdown.

NOTE 1

NOTE 2

corresponfling process steps are only fieeded if an LLB is applied.

The system handshake shall usejthe existing TIM function state machine. This will be defined in 6]

NOTE 3

After addfress claiming'on ISOBUS as common, the start-up sequence is split into the above ment
phases (njore details'see 6.4):

— The iflentifjeation phase (see Figure 8), where the PC/S shall be assigned to the corresponding

The “identification phase” is knowh in other industries (e.g. construction) as “discovery phase”.

LLB is only used mandatorily~in an AC-system per 5.2. In DC-systems, it is an option.

For details on the”FIM function state machine, see AEF 023 RIG3 (2023).

ement) is

dedicated

[PI-C (see
following

Hence, the

4.

oned two

HPI-C:

Forifieldbus-based systems, the sequence per Clause 9 shall be used, or

For IL-based systems, the sequence per Clause 10 shall be used.

— The initialization phase, where the PC/S shall receive:

Load-specific data from the LLB to initialize the PC/S subordinated controls (e.g. torque control),

and

Application-specific data from the application ECU (specific HPI-C / TC or specific SS ECU) to initialize

the higher-level controls (e.g. speed control).

3) Depending on specific topologies, an implement can also be a server.

© IS0 2024 - All rights reserved

7


https://standardsiso.com/api/?name=5766d1a24def917ad5c56efcfab88a90

ISO 23316-6:2024(en)

As a fallback if the identification processes per Clauses 9 and 10 are not supported or not successful, each SS
HPI-C and CS HPI-C shall support a manual configuration page as it is defined by TIM for other applications
as hydraulic interfaces.

NOTE4  The manual configuration will be performed by the operator.

Generally, a system may have both, a fieldbus and an IL connection. If this applies, the fieldbus has a higher
priority since it enables a higher number of functions and is used for operating the system. For details see
ISO 23316-4:2023, 4.8.

NOTES5 Inherently, a PC/S or an APP can have both, a fieldbus and an IL. It depends on the completed system which
one is active finally.

6.2 Conditions for system handshake

It is a prefondition that signals that are sent by the HPI-C to the PC/S and vice versa shall be routged via the
ISOBUS through the HPI-MC and the SS communication bus.

Objects that are sent by the LLB to the PC/S and vice versa shall be always routeddirectly via the fieldbus
(so this is|la mandatory precondition for the clauses on fieldbus-based systems).

The wholg ‘electric drive’ (consisting of PC/S and APP) shall be controlled by\the HPI-C or in spe¢ific cases
the HPI-MC via the TIM function state machine (at least for enabling/disabling; consider the different control
modes pef ISO 23316-4 and ISO 23316-5).

NOTE1 |[The controlling instance - HPI-C or HPI-MC - will be chosen bythe application control type perf Table A.2.
It defines|[two modes: “Implement-controlled” and “tractor-controlled”. In the “implement-controlled”’| mode -as
common -{ the CS’s HPI-C requests as a TIM client a function of the\FIM server at the SS. Whereas in thie “tractor-
controlledf mode - which is not common - the SS’s HPI-MC requests the control of a function at the CS.

NOTE 2 |The status of the TIM function state machine is reflected in the VT by the TIM automation ptates [see
AEF 023 RJG3 (2023) Annex E.1 also].

CAN messages between PC/S-C and HPI-C shall in¢clude a command byte which is the (TIM) Fundtion ID as
representfation of the PC/S address. This shalldifferentiate the PC/Ss onboard of a certain SS agginst each
other.

NOTE 3 |A similar approach is made within TIM for, e.g., tractor’s hydraulic valves.
NOTE 4 |[The command byte can be understood as a multiplexer for this message. Within the message stfucture for
the AC and DC modes, this and additiénal multiplexers are used for several purposes. For information o1} messages

(PGNs), se¢ Annex B.

The defingitions of the CAN' messages and the corresponding message sets shall be compliant to and
documented in ISO 11783/and SAE ]J1939. Using transport protocol is an option for these messages

The conngction status of each HPI shall be monitored (see details in 6.3).

For each 4entsignal, the receiver shall send an acknowledgement as confirmation to the sender.

NOTE 5 Similar requirement existsin AEF 023

6.3 HPI connection status monitoring

Each dedicated electrical HPI shall be monitored in respect of its dedicated connection status (connection
via connector and cable between SS and CS) frequently, this is mentioned by interlock function. This check
shall be performed while the connection status is “disconnected” also for determining an already inserted
connector.

At least one of these two options of connection status monitoring shall be supported:

— IL-based monitoring, and

© IS0 2024 - All rights reserved
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Fieldbus-based monitoring.

In fieldbus-based systems, the interlock function shall be provided by monitoring the fieldbus (for details,
see Clauses 7 and 9).

In IL-based systems, the interlock function shall be provided by monitoring a dedicated physical interlock
loop (for details, see Clauses 8 and 10).

If both, IL and fieldbus are available for monitoring the HPI connection status, a decision shall be made by
the PC/S based on ISO 23316-4:2023, 4.8.3. This decision shall be valid from beginning of the identification

phase.

NOTE1 The physical interface as specified in ISO 23316-2 includes both, fieldbus and dedicated IL pins.
Consequepntly, a separate interlock function handling and handshake for each interface shall be-apj
NOTE 2 [SS or CS internal interlock loops are not the focus of ISO 23316 series. So, the term interlo

otherwisefas common in automotive industry.

6.4

This subc

Interaction with TIM function state machine

interactirlg with the TIM function state machine.

a)

b)

As the TIM function state machine is in the state “(0) automation unavailable”, the transitio
state[‘(1) automation not ready” shall require in addition to the already defined conditions the ¢

statup per HPIL.

As the TIM function state machine is in the state “(1) automation not ready”, the transitio

ause defines the handshake sequence in general. It points out how the phases mentioned|

blied.

ck is used

in 6.1 are

h into the
onnected

1 into the

state[“(2) automation ready to enable” shall require«in‘dddition to the already defined condjitions the

ident|fication of the APP (load) connected per HPI using fieldbus (LLB addressing) and IL (dete

Fmination

per Annex C) functionality. Consequently, a logical check is performed which kind of inferlock is

impldmented and thus which operational modes\are generally available.

As the TIM function state machine is in the state “(2) automation ready to enable”, the trans

the sfate “(3) automation enabled” shall.xequire all the following in this specific sequence:

— r each connected HPI as result and reflection of the successful APP (load) identific

PI-MC assigns a TIM function ID per HPI and sends this assignment information by a d
specific message ‘TIM server to TIM client’ to the one specific CS HPI-C,

OTE 1 Generallyran SS HPI-C can be combined with a PC/S-C and a CS HPI-C with a TC.

OTE 2 One €S HPI-C can control several HPI. A CS (an implement) can contain several HPI}

r each connected HPI, the CS HPI-C assigns control type and application control type (see
in AnnexA) to the corresponding SS HPI-C% by sending a message ‘TIM client to TIM se
includesa logical check of possible and allowed modes by the SS HPI-C,

OTE 3 As defined in Table A.2, the control type and the application control type are onl

ition into
htion, the

bstination

Cs.

Table A.2
rver’, this

y set once,

they will not change during operation.

Optionally, the HPI-MC and the other HPI-Cs are communicating the needed parameters (see

Table A.4) on the insulation resistance and monitoring per Clause 11,

For each connected HPI which is using the fieldbus, the LLB sends the load specific initialization
parameters (see Table A.11) to the PC/S-C, if needed the PC/S-C forwards initialization parameters

to the corresponding SS HPI-C and the CS HPI-C,

4)

© IS0 2024 - All rights reserved
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— For each connected HPI, the PC/S-C sends the needed reference values (see Table A.1) as required

p

er chosen control type via SS HPI-C to the CS HPI-C,

It is recommended to set a quantity reference to ‘0’ if not needed per chosen control type.

— For each connected HPI, the CS HPI-C sends the required initialization values (limits, thresholds
etc. in Table A.2, Table A.5 - Table A.10, Table A.18 to Table A.20) per chosen control type to the
corresponding SS HPI-C and vice versa this SS HPI-C forwards the needed initialization values per
chosen control type to the corresponding CS HPI-C, if needed the SS HPI-C forwards initialization

p

arameters to the PC/S-C,

— For each connected HPI, the specific controlling HPI-C of CS (TIM client) and SS (TIM server) provide

he information on finished successful initialization.

t

d) Asth
to “(§

e) Asth
start

SS HE

Changing
complete

Figure 4 s
system w

including

e TIM function state machine is in the state “(4) automation pending”, the transition(intqg
) automation active” shall require no additional action as already defined.

b TIM function state machine is in the state “(5) automation active”, for each HPI,the CS H
sending the target values to the corresponding SS HPI-C for starting operation and vice
[-C (PC/S-C) shall start sending actual values as feedback to the CS HPI-C

the control type and the application control type shall require theldeactivation of the
reinitialization process including stepping back the TIM function‘state machine.

hows the sequence diagram for a fieldbus-based system. This can also be adapted to ay
hile ignoring the fieldbus specific and adding IL-specific tasks (see Figure 5). These figur
the insulation resistance initializing and monitoring related communication.

the state

PI-C shall
versa the

HPI and a

IL-based
es are not
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Consumer.
system bus
(optional) SSTPIC N
£ HPLMG) CSHPI-C
Fieldbus, Supply system | CAN | CAN I ISOBUS CAN
- bus interface | interface interface | interface
Preconditions
Plug-in HPT Plugin 1SOBUS
connector connector
Perform ISOBUS Perform ISOBUS
address claim address claim
routine etc. routine etc.
‘Ruthentication per
TIM guideline
Establish Fieldbus successfully
Fach comnected connection completed
LLB sends LLB g Identification

address together
with manufatcurer
name an
component name
(optional also other
LLB specific
parameter)

PC/$-C forwards

each LLB address
of connected LLBs

‘manufatcurer name
and component

Send load specific
parameter

Send feedback
e.g. of speed or

name. !oEuonal also
Gther LB Speciic,

parameter) to S$
HPI-C

8 HPI-C forwards
each LLB address
of connected LLBs
with Function ID
together with
manufacturer name
and component
name (optional also
other LLB specific
parameter) to each
CS initiated by the
CS HPI-C (which
requires electric
power) one after the
other

SSHPI-C
acknowledge
Function ID
assignment

Ifnotall electrified
Function IDs
(outputs) and not all
CS HPI-C requiring.
electric power are
assigned: Repeat.
the identification
process

‘orward contrg
and applicat

Receive Control control type
type and application

control

Receive load
pecific initialization

rameter

Send reference
values {Forward reference
values
specific initialization

[Forward application
parameter

Send reference
values
Forward load

specific initialization
parameter

Forward feedback
on successful
application specific
initialization

Receive feedback
on successful load
specific initialization

e
command

[Forward application
specific commands
to corresponding

Receive application PC/S-C
speci mands
e torque
command, speed

Operate PC/5-C
based on command
input and
initialization
(send commands &
eceive feedback

Send operation
‘mode specific
feedback Forward operation
mode specific
feedback

Forward disabling
‘commands to
corresponding
command
Disable PC/S-C

disabled output Forward disabling

ISO 23316-6DA)
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CSHPI-C requests
assignment of
[Function ID (output)

Send control type
and application
control type

Receive Reference

values
Send application
specific initialization
rameter
alues

Receive Reference
v:

Receive load
specifi on
Send feedback on
successful load
specific ion
Receive feedback

specific commands
tothe

corresponding
PC/S-C

Receive operation
‘mode specific
feedback
Process operation
‘mode specific
feedback

Stop operation

iz
Send disabling
command to the
corresponding
PC/S-C

feedback feedback

[Return feedback on
disabled output to
rator

Figure 4 — Sequence diagram for a fieldbus-based system without insulation monitoring (see
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NOTE4  For details on fieldbus-based systems, see Clauses 7 and 9. For the handshake specifically, see Clause 9. For
detailed sequence diagrams, see Figures 8 to 11. For insulation monitoring, see Clause 11.

SSHPI-C |
(optHPI-MC) CSHPI-C l_
| Supply system[™ CAN CAN 1SOBUS CAN
bus interface | interface interface
Preconditions
Plug-in HPT B
connector connector
Perform ISOBUS Perform ISOBUS
address claim address claim
routine etc. routine etc.

Identification

TIM guideline
successfully
completed

Authentication per

outlets with closed
1L

TIPT-C requests

PC/5-C sends
/ information on
opened ILtoSS
P

[ Y p——

Receive Control
type and application
control type

Send reference
values

Receive application
specific initialization
parameter
Initilization per
application
Send feedback on
successful
application specifie.
initialization

Receive activation
command
Enable PC/S-C
outputinel.

precharge

Operate PC/5-C

initialization
(send commands & mode specific
receive feedback) feedback

command
disabled output

T ssPIC forwards

Receive application
based on command PP
‘ specific commands
input and

Send operation

to openthe IL on
each CS initiated by
the CS HPI-C
(which requires
electric power) one
after the other

the information on
opened IL with
Function ID to the
specific CS HPI-C

SS HPI-C
acknowledge
Function ID

Ifnot allelectrified
Function IDs
(outputs) and not all
CS HPI-C requiring
electric powerare
assigned: Repeat
this identification
— process

orward control type]
and application
control type

Forward reference
values

Forward feedback
on successful
application specific

Receive feedback
on successful load

Forward activation
command

Forward application
specific commands
to corresponding
PC/S-C

Forward operation
mode specific
feedback

Forward disabling
commands to
corresponding
PC/S-C

Forward disabling
output feedback

| [CSHPI-Copensits
1L

| |Function D (outpu)

CS HPI-C closesits

CS HPI-C requests
assignment of

nd congrol type
application
L trol type

Receive Reference
values
Send application

specific initialization
parameter

Receive feedback
on successful
application specific
initialization

Send activation
command

Start operation
enabled by operator
after successful

arge
Send application
specific commands
tothe

corresponding
PC/S-C

Receive operation
mode specific
| ___feedback |
Process operation
mode specific
feedback
Stop operation
disabled by operator
Send disabling
command to the
corresponding
PC/S-C

Receive disabling
feedback feedback
Return feedback on

disabled output to
operator

Figure 5 — Sequence diagram for an IL-based system without insulation monitoring (see
IS0 23316-6DA)
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For details on IL-based systems, see Clauses 8 and 10. For the handshake specifically, see Clause 10. For

7 Fieldbus

The fieldbus shall use EtherCAT as described in ISO 23316-4:2023, Clause 5 for the high-speed communication
between SS and CS: The PC/S-C acts as the fieldbus maindevice and the LLB acts as a fieldbus subdevice.

NOTE
and initialization values) are listed in A.2.2.

8

8.1 Functional requirements

The necessary data definitions (feedback values such as rotor position, rotor speed, winding temperature,

HPI

The dedid

deter]
topol

4 1 1 £ ]
TIICTIUCK TUIICuIvIl

ated interlock signal shall only be used for the following functions:

mination of AC system topology using open-loop control modes per ISO23316-4 and a IpC system
bgy per ISO 23316-5, and

moni

AC syste

Field-
IL-ba

In case of
with the g

for tj‘e mentioned topologies.

foring the HPI connection status by the SS (e.g. fault detection causeéd’by an unintended disconnect)

s topology using open-loop control modes may use one ofhe following options:
bus based system, or
ced system.

any interruption of the interlock signal, the VC:B2 power shall be turned off by the SS in a¢cordance
uidance given by ISO 16230-1:2015, 6.2.
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HPI-C
HPI-MC
IC

INV
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If IL inter

NOTE 2
or interfer]

In cases
between
on). See t
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HPI-MC

TIM-S

Pescription Symbol Description \%
upply system I1 consumer em
consumer and supply system S switc&nntactor or solid-state switch,
pre discharge unit)
controller of a device S-C S\QLtch controller
high-power interface - control TC xt sk controller
high-power interface - master control TIM\SQ tractor implement management - client
nput circuit ’]:@I-S tractor implement management - serve
nverter (DC/AC power converter) A’\%‘T virtual terminal
\O (user interface, e.g. display)

-

Fuption is monitored befoGQe-charge is started, the pre-charge shall not be performed,

8.2 Fu

Figure 7 s

igure 6 — Simplified topolog;@%‘mple for a SS with multiple CSs and multiple HPIs

including

Electric units on the S CS are part of their own machine interlock loops if applied; they do ot include
e with the HPI interl op.

N

of multiple i ents, the interlock handling and hardware handshake shall be ¢
bach HPI (fir: plement with second implement, second implement with third impleme

pology e le in Figure 6.

erformed
nt, and so

— When the internal check on the CS side is faultless, the IL-switch shall be closed.

— If more than one HPI is used on the tractor-implement-combination and more than one CS is connected,
each SS shall identify the CS, which is connected to the relevant physical HPI via demanding the toggling
of IL-switch (identification procedure is described in Clause 10).

— Inseries to the IL-switch a resistance Rj, = 1 kQ £10 % shall be connected.
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PC/S-C

| IL src '

:

Key b‘
Symbol Description Symbol Description Qq/
I supply system I1 consumer system CO .
DI digital input IL in interlock input '\('0’
DO digital output IL out interlock output 03
HPI high power interface IL src interlock source qib
PC/S-C power converter/switch controller IL sw interlock swi
TC task controller Ry, IL circuit ?@ce
)
Figure 7 — Example of an IL c1rcu1téﬁ§pllf1ed)
NOTE The physical location of the PC/S-C or TC can differ, it co@be included in the HPI-MC for the S-(,
the TC or ih another separate controller. %)
$
9 Fieldbus-based system §\®$

9.1 Identification sequence using fleldlpk

See Figur

The folloy
applicatig

As precor]
— Aspe
— Aspe
The PC/S

NOTE 1

rg 8 for this specific part of the s@ence (as excerpt from Figure 4).

ving kind of identificatio use of a command byte is required while potentially seve]
n ECUs with a certain er of drives are attached at the power supply.

ditions: O ’

N
cific fieldbus aé.@ss is required per LLB within a CS (see Annex A).
cific uniqu dbus address is required per PC/S%).

is con ed to the HPI-C via source bus, HPI-MC, and ISOBUS.

HPI-C for

ral loads/

hd of data

'@nverter as fieldbus maindevice, sends out data packages cyclically while activated (ki
d

andantly F lani-l-\nv- & F nlrlln |||||| bdauvica ic conmnactad ox ot 1€ 4 Ooldbha o oo bdauvica ic co

nected, it

request), i

T peTareTrer TDroro-Saotrt v e o et - oot o rrerttro oo e ey et o

responds by sending 1ts data.

While the fieldbus connection is established between LLB and PC/S, the identification sequence shall
be started. Hence, the fieldbus maindevice (PC/S onboard of SS) shall check the load/electric machine
manufacturer code, the load/electric machine code and the LLB address (fieldbus subdevice onboard CS) in
the standard data package (see Table 2).

5) The generic system, without designation as AC or DC system, uses PC/S. An AC system uses a PC. The DC uses an S.
From a basic function perspective this is equivalent.

© IS0 2024 - All rights reserved
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Table 2 — Fieldbus data package

Data package Fieldbus index Content Reference
0 Identification Table A.11

Standard Feedback Table A.12

1 General Table A.13

2or Electric machine characteristics: IM Table A.14

Enhanced 3or PM Table A.15

4 RM Table A.16

The PC/S shall request at the LLB the content of data of ‘Fieldbus index 1’

The PC/Sshall send the load/electric machine manufacturer code (shortly: manufacturer name)in|Figure 8),
the load/¢lectric machine code (shortly: component name in Figure 8) and the LLB address)on ISPBUS as a
broadcast message (includes the (TIM) function ID).

The HPI- / TC® shall know the architecture of the CS (using an internal data storage) and shal| compare
the LLB-specific data received from the PC/S against each other. Consequently, ori’a'successful comparison,
the HPI-( shall assign its APP (for example in an AC topology: ACL with LLB per#¥igure 2) with the (TIM)
function ID.

NOTE 2 [(TIM) Function ID is the representation of the corresponding inverterwithin ISOBUS messages.
NOTE 3 |Spreadsheets with the required parameters are given in AnnexA)
NOTE 4 |All sequence diagrams in this clause indicate sequential\behaviour mostly indicated by the|arrows in

between. Iff blocks are positioned horizontally together without arrows, parallel processing is assumed. If|blocks are
positioned vertically together without arrows, serial processingfrom top-down is assumed.

6) The HPI-C/TC of the CS knows its own architecture and setup, as well as the related information of electric load(s)
onboard of its own to compare this with the “feedback” received via ISOBUS. These data may be sent via the CS bus
directly from the LLB to the HPI-C / TC, or it is stored in the HPI-C / TC non-volatile memory.
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Consumer
71 1 51T g
' ional) SSHPI-C ‘
f LLB PC/S-C (Ceaera CS HPI-C :
: / (opt. HPI-MC) :

i [}
i___i CAN [Fieldbus | Fieldbus = Tgicldbus [ CAN |Supply system| CAN CAN ISOBUS CAN CAN : i
interface | Slave Master | interface bus interface | interface interface | interface
Preconditions
Plug-in HPI : : Plug-in ISOBUS
connector - : connector
Perform ISOBUS Perform ISOBUS
address claim address claim
routine etc. routine etc.

Authentication per
TIM guideline

: Establish Fieldbus : successfully
Each connected connection ! completed

1d se

HEBsemds++B
address together : 2 0
with manufatcurer : : :
name and : : : Q(.l
component name : :
(optional also other : : (L
LLB specific

parameter) \ : :
- PC/S-C forwards :
: each LLB address : (b\
: of connected LLBs : (b :
together with : (L :
manufatcurer name : :
and component : O :
name (optional also : %
other LLB specific : \
parameter) to SS ! \
HPI-C — 1 O
5 SS HPI-C forwards.

each LLB address (
of connected LBs
with Functiex' ID
togetherwith
manufacturer name
and'eomponent
nafme (optional also
othér LLB specific
parameter) to each
CS initiated by the
CS HPI-C (which
requires electric
power) one after the

other
. CS HPI-C requests
assignment of
Function ID (output)
if LLB address,
manufacturer name
and component
: name matches with
. stored information
SS HPI-C
acknowledge
Function ID

assignment
If not all electrified
Function IDs
(outputs) and not all
CS HPI-C requiring
electric power are
assigned: Repeat
the identification
process

"}Q Initilization (each assigned Function ID) Send control type

and application
control type

Figure o — ldentirication phase or a 1ieldbus-based system

9.2 Initialization sequence using fieldbus

See Figure 9 for this specific part of the sequence (as excerpt from Figure 4).

In response to the assignment in the identification sequence, the LLB-corresponding HPI-C shall start to
send the application specific objects for PC/S initialization (incl. application type):

a) The application type shall be processed.

b) Then the control type shall be processed.
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ee Table A.2.

Based on the application type set by the HPI-C/TC and the control mode set by the HPI-C/TC, the PC/S shall
perform its initialization.

Table 3 — Allowed control modes per ISO 23316-4

Load type Open-loop control Closed-loop control
(see ISO 23316-4:2023, (see ISO 23316-4:2023,
4.4.2 and 4.7.3) 4.4.1 and 4.7.2)
V/f characteristic | Independent AC | Variable DC sup- Torque Speed
(see ISO 23316- supply ply (see ISO 23316- (see ISO 23316-
4:2023; {seel1S0-23316 {see1S0-23316 4:2023; 4:2023,
4.7.3.2) 4:2023, 4:2023, 4.7.2.1) 4.7..2)
4.7.3.3) 4.7.3.4)
General < < < . |
load
Electric < < . <
machine [
NOTE1 |[A generalload could be a motor, solenoid, heater, or light.

In the sta
— Load
— Load
— Load

If a closec
paramete

— inter}

enable a search in a data pool for predefined closed-loop control parameters), or

— reque
Table

hdard data package, the PC/S shall check the following (see Annéx A):
electric machine manufacturer code,

electric machine code, and

electric machine type.

I-loop control mode is chosen, the PC/S shall be initialized by the electric machine char
rs first. Therefore, the inverter shall use

nally saved data (load / electric machinge’manufacturer code and load / electric maching

st the needed parameters at the LLB dependent on the electric machine type (see
A.10 and Table A.11).

The initialization of open-loop contrel modes shall only be based on parameters received from the H

NOTE 2

NOTE 3
need colla
cases of th|

Spreadsheets with the\initialization parameters vs. the operational /control mode are given in A|

The signal ‘Controltype’ in Table A.2 allows customized modes too. The needed signals and mg
boration between the partnering manufacturers of CS and SS. It enables flexibility for non-sta
e HPIL.

acteristic

code can

Cable A.9,

PI-C / TC.
hnex A.

ssage sets
ndard use
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Consumer
oo B o Tt  ystembusT T T o A E
' ional) SS HPI-C '
f LLB PC/S-C (Ceees CS HPI-C
E . / (opt. HPI-MC) E
i___i CAN [Fieldbus | Fieldbus  [TFieldbus| CAN |Supply system[ CAN CAN ISOBUS CAN CAN :_ .t
interface | Slave Master | interface bus interface | interface interface | interface
Identification 5
SS HPI-C
acknowledge
Function ID
Send control type
and application

[Forward control type control type
and application
Receive Control control type
type and application

parameter Receive load
becific initialization
Send reference b‘
values
Send applicatio
specific initializati on/
Forward application D e
specific initialization
Receive application parameter
specific initialization
parameter

Initilization per load Send reference
and application . Receive Reference
Send feedback on Forward load values
successful specific initialization
application parameter Receive load
specific initialization specific initialization
Forward feedback ] parameter
on successful Send feedback on
application spe @ su ful load
initializa 9 speci tialization

Receive bck Receive feedback
on succe load on successful
pecifie initialization application specific

initialization
g
command tart operation
Figure 9 — Imtlallzatloq'(bhase of a fieldbus-based system

-

S
ence values shall be set at the be@ing of the initialization phase by the PC/S in coordin:
transmitted via fieldbus from the LLB.

Receive activation
command

orque slope) shall
N\

'mal operation sequence using fieldbus

be possible. Whereas a‘change of other process-specific limits or characteristics (e.g.
ga)ssible.

e 10 for @ygpecific part of the sequence (as excerpt from Figure 4).

:es%e itialization of the controls, the drive shall be ready to be enabled by the ope

htion with

of the application type, ag&ontrol mode, or the reference values while in operation ("on the fly")

nmaximum

rator. The
11783) as

defined fc

)]2%5 ss of an electric drive shall generally follow the common ISOBUS process (per ISO
r 7I'IV"]II]1.F I'l“i"ﬂ(‘

TILy

The HPI-C/TC shall send control parameters and cyclical commands (e.g. speed target value) to the inverter
(per operational mode Table A.2 in of Annex A). Thus, the PC/S shall start to operate in the desired mode.

NOTE 1

Basically, the HPI-C/TC is assumed as the automation process controller, which is the source of commands
to the actuator, in particular the inverter.

During normal operation, the HPI-C/TC shall repeat the commands per mode periodically as defined per
operational mode in Annex A. The PC/S shall send periodically feedback as defined per operational mode in

Annex At

o the HPI-C/TC.
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The PC/S shall request periodically via fieldbus the required feedback signals as defined per operational
mode in Annex A from the LLB. The LLB shall send them as answer periodically back to the PC/S.

NOTE 2

The repetition rates on ISOBUS and on fieldbus are independent. Usually the feedback

asynchronous, and the repetition rate on fieldbus is much higher than that of ISOBUS.

9.4 Sed

Figure 11

When thg
convenier
achieving
disable it
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operator,
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S i sl o T E
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disabled by operator

$
Figure 10 — Normal operation p@]@se of a fieldbus-based system

K\
uence definition for normal sng\g shutdown using fieldbus
\O
describes the normal system sl'@})wn part of the sequence (as excerpt from Figure 4).

e operator wants to disa he application, the HPI-C/TC shall bring the applicati
|t shutdown condition ( dent on the application this can be, e.g. speed = 0 or torque
the shutdown state, it'shall send the disabling command to the PC/S which the PC/S
output. On succes@y’ disabling its output, the PC/S shall send a feedback signal to the
the disabled st%é\

eiving this
e.g.byas

feedback signal, the HPI-C/TC shall acknowledge the disabled outy
signal in the VT.

Inde ﬁ'ent of the controlled shutdown as defined above in this clause, is a potential “hard”
e.(géfg application or by an inverter fault/error. For resetting, an interaction with the operator is

loops are

bn into a
= 0). After
thall then
HPI-C/TC

ut to the

shutdown
necessary.
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Figure 11 — Shutdown phase of a fieldbus-base
AS
< S

hsed system

&

tems shall use special identification am@@ftialization procedures, which are describ
xO
Function ID shall represent the K{Q\}Ess of each HPI-C.

eneral

ledge of the overall topology of the VC-B2 network is necessary to initiate initializatior
erations in the right sequeré} The identification of the topology consists of two steps:

bntification (see 10.1.2)()
mine the topolog)\ C-B2 network (see Annex C)

mum numbe&@opology levels (determined by Annex C) shall be 4.

ology is rmined, every HPI-MC/HPI-C shall get knowledge of its position in the VC-B2
1ly, th shall get the information, if it acts as CS only or if it acts also as SS for on

bd in this

and pre-

network.
b Or more

connectedl C§§?ee also example in Figure 6).
After theli ifi inati

itialization

procedure (see 10.3), the power connection between SS and CS shall be activated. After successful pre-

charge pr

ocedure, the APP shall be ready to be activated.

If a CS is acting as the SS for a succeeding CSs, the above defined sequence of activation and pre-charge shall
be repeated for each of such HPIL.

NOTE

All flow charts in this clause indicate sequential behaviour. Timing is indicated by arrows connecting the
elements. Vertical position does not reflect timing due to limited space in the document.
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10.1.2 CS identification of an IL-based system

The procedure as described below is used to determine the unambiguous assignment of connected HPI
(receptacle and plug).

The procedure shall identify the CS based on toggling of the IL-switch (which is located on the side of CS).
Based on the toggling of the IL-switch, the procedure shall identify the connected CS:

— Starting point is the unknown topology of the VC-B2 network.
— The following preconditions are considered:

— HPI-MC and HPI-C shall have addr

esses according to address claiming procedure
Oordad [ [ [1C Le RSall De KT

epV d

on the ISOBUS in

OWTI.

— Tlhe IL through the HPI shall be closed by default (does not include open states due to e<g. [identified
failures).

10.1.3 IIentiﬁcation procedure
All the following operations shall be done for all VC-B2 related nodes of the ISOBUS network:

a) The HPI-MC shall address the first CS and initiate opening the IL-switclCof this CS via the signal “PC/S
Opergtional Status - IL-switch demand” (set the 2-bit parameter as follows: [0,1] — [0,0]).

— All other SSs shall listen to this demand, to be able to assign’ayreaction of the IL.

b) To canfirm the switch demand of the SS, the addressed CS.shall open its IL-switch and inglicate the
opengd state via the ISOBUS signal “Load Operational Status - IL-switch state”.

c¢) The related SS shall detect the interrupted IL-signal Within 250 ms.

d) The HPI-MC shall initiate re-closing the IL-switch'of the first CS via the signal “PC/S Operationpl Status -
[L-swjitch demand” (set the 2-bit parameter as.follows: [0,0] — [0,1]).

e) To confirm the switch demand of the SS,the addressed CS shall close its IL-switch and inglicate the
close(l state via the signal “Load Operational Status IL-switch state”.

f) The related SS shall detect the re-¢losed IL within 250 ms.

g) If thelsame SS detects openifigand closing of its IL in the allowed time frame related to the|lL-switch
demajnd, SS and CS shall beglearly assigned.

h) The ipformation of identified HPI shall be transferred to the HPI-MC.
i) The grocedure shall-be repeated until all CS(s) will be addressed and clearly assigned to SSs.
i) When all CS are/assigned, the HPI-MC shall be able to build up the topology of the VC-B2 netwark.

See flowchartin Figure 12.

10.1.4 Additional conditions

— The status message “PC/S Operational Status - IL-switch demand” is intended for identification of the CS
only. To avoid unintended IL opening and therefore VC-B2 power shutdown, the CS(s) shall not react on
HPI-MC IL-switch demand” until the state “Ready for operation” is reached.

— If PWM-signal is used for IL-observation, the PWM-period shall be significantly smaller than the allowed
response time (250 ms).
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Figure 12 — CS identification flowchart
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10.2 Determining the topology of the VC-B2 network of an IL-based system

With the described procedure in 10.1.2 and following subclauses, and the flowchart in Figure 12, the
assignment of SSs and CS(s) connected together is clearly defined. This information is used to determine the
overall topology of the VC-B2 network.

The procedure is based on a two-byte status word which implies the following limitations for the topology:
— Every SS can have up to fourteen HPI (to connect up to 14 CSs);
— Every CS has only one HPI to connect to SS;

— A series connection of CS(s) (multiple implements) is limited to four levels (e.g. tractor and four series
conn¢cted Implements as maximumy).

The procg¢dure below describes additional information of the HPI used for each CS. This(information is
transmittled in the form of a nibble (half byte = 4 bits) to the HPI-MC. With this information, the HPI-MC
can creat¢ a two-byte status word “HPI master control network topology”, which describes for ea¢h HPI the
connected topology of the SS.

The signdls “HPI usage nibble” and “HPI master control network topology” coritain the information about
the used HPI(s). Each HPI-C, which is responsible for a following CS, notes the(state of its own HPI(s) (used/
not used)|in the status nibble. This status nibble describes the number of usedHPIs (binary codedj 0 = no CS
connected).

The sendgr of the nibble is the HPI-C, which detects the toggle of thedkL (according to 10.1.2). It transmits the
nibble to the HPI-MC, when the assignment to the related CS was suiccessful (see Figure 13). Hencp the HPI-
MC can cifeate step by step the whole topology of the VC-B2 network (an example is described in Ahnex C).

The toggling frequency of the IL shall 15 Hz * 2 Hz. The-¥oggling sequence shall last for 500 s to 2 s.
Recommended toggling sequence time is 1 s.

10.3 System Initialization of an IL-based system

10.3.1 General

The systdgm initialization procedure is based upon a three-step query for current specification [to ensure
best perfgrmance. The procedure shal\follow Figure 13.
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Figure 13 — System identification flow chart

munication'is established, the CS shall send its requirements with respect to DC link ca

dlhsend back its capabilities and adapt the CS accordingly. This adaption should be ¢

Best-case requests for
performance of the load:

bacitance,

ompleted

automatically or may achieved by operator input via v I.

If the power/current requirements are still above the capabilities of the HP], it shall not be activated and the
operator shall be informed including a description, what caused the rejection of this CS.

If all system identification requirements are satisfied, the HPI shall become active, and the CS shall be ready
for operation by the SS.

The reference values shall be set at the beginning of the initialization phase by the PC/S.
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10.3.2 System handshake of an IL-based system

Important states for system handshake and other operation states shall be noted in a set of status signals of

HPI-MC and HPI-C. The status signals shall be transmitted cyclically.

NOTE Figure 14 shows the required content, more detailed information about interpretation of the signal states

islisted in A.3.1.

HPI-MC

HPI-C
Consumer System (CS) only

Operational parameter

IL switch demand
Overload warning
Power off warning
Power off status
Pre-charge status
PC/S status

IL status

/

Cyclic

IL switch status
Ready for operation
Dis-Charge-status
DC-link status
Pre-charge request

\

Figure 14 — Status summary<hart

10.4 Sequence definition for normal start-up of anIL-based system

The startjup sequence under normal conditions (maifttenance is out of scope) shall follow the prd

Figure 15

cedure in
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Figure 15 — IL and pre-charge flow chart
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10.5 Sequence definition for normal system shutdown of an IL-based system

The normal system shutdown shall include the steps in Table 4 to prevent deactivating the PC/S under load.

It is important that the PC/S in the VC-BZ lines are switched without electric current normally. For
clarification, a certain amount of “leakage current” (up to 0,5 A) is still allowed per ISO 23316-5:2023, 5.1.12
as shownin Figure 16 (leakage current check). When focusing on this “leakage current”, the condition during
dis- and pre-charge is similar. Reasons for this “leakage current” are for example auxiliary devices powered
via the DC link or passive dis-charge devices continuously connected to the DC link at the CS.

Table 4 — Shutdown steps

No. Prierity Nawme Beseription

1 Mandatory Shut off the CS(s) Regular shut-off of all electric drives and loads of thelapplica-

tion.

2 Mandatory Disable the release? of Invoke the inverter release of all electric dfives and lpads to
the CS(s) ensure a load current of approximately Zgro.

3 Ojptional Monitoring of the actual |Give some information about the curfent flow (value)or state,
current flow over the HPI |if lower than or equal to allowed leakage current) to the opera-
on SS side tor, so that they can recognize the state.

4  |Optional Disable the release of the |If an inverter supplies the HPEit is responsible for switching
SS (path to the HPI) off VC-B2 DC power during shutdown procedure.

5 Mandatory;, if Open the PC/S on SS and, |Interruptthe VC-B2-lifies (open the PC/S) to ensure de-ener-

d|sconnecting if available, on CS gized state, before disconnecting SS and CS.
of the plug is
re¢quested
a2  Herein| “release” is used in analogy of the hydraulic domain, so releasing a hydraulic flow by a valve.
NOTE The flow-chart in Figure 16 shows a non-binding example for a semi-automated system shutdown:
— The status messages of supply system and CS provide Some information for a controlled shut down trjiggered by
the syjstem states in HPI-MC and HPI-C.
— Switching of main switching devices in the V€-B2 lines under current greater than the allowed idle curifent is used
only during emergency shutdowns.
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10.6 Sequence diagrams for system handshake of an IL-based system

The sequence diagrams (see Figures 17 to 20) for IL-based systems in this subclause shall complement the
flow charts (see Figures 12 to 16) in the other subclauses of Clause 10. These sequence diagrams align the
system handshake for IL-based and fieldbus-based systems.

The SS HPI-C shall process the identification sequence per CS HPI-C in maximum 3 times as it is not successful.

The starting condition for each IL circuit shall be closed while connected.
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The SS HPI-C should start the identification process with the CS HPI-C having the lowest ISOBUS address.

The SS HPI-C should perform the identification process only for CS having an HPI-C.
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Figure 17 — Identification phase of an IL-based system
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Figure 19 — Normal operati’oaﬁhase of an IL-based system
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Figure 20 — Shutdown phase of an IL-based system

© IS0 2024 - All rights reserved

32



https://standardsiso.com/api/?name=5766d1a24def917ad5c56efcfab88a90

ISO 23316-6:2024(en)

11 Isolation resistance and insulation monitoring

11.1 General

Any measuring method shall be agreed upon between the HPI-C and HPI-MC. Therefore, for tractor and
implement combinations, the SS-M (usually at the tractor) monitors the combination as a whole, and the CS
(usually an implement) is not additionally monitoring.

NOTE 1

Generally, only one insulation monitor can make measurements at a time on a VC-B2 circuit at a time.
Multiple simultaneous measurements will generally interfere and cause erroneous measured values, which can result
in inappropriate reaction of the HPI system.

arvinachalllba o dad oo o £ 1o AL+ A TIDT MO Ao £+ o orc

. s e " .
COOI'dlrla oo StratioRohitot g St ot proviattas™ o et oottt VIS, CVCTIT 1T tHe Sy S em.1l1s nOt

relying o1 it being continuously monitored by an Online Insulation Monitor (OIM)7).

[SO 646943:2018, 6.3.2 may be used as guidance for different monitoring solutions, including hiulti

system (II:S).
As a maximum, only one OIM shall be active in the completed system located at the SS-M.

When an PIM is used:

— the I:IrI-MC shall coordinate the OIM operation;

— the

(e.g.

PI-Cs and HPI-MC shall agree on the coordination of any obtained isolation resistance (

devices including capacitance and high valued resistors (e.g.s&veral M(Q).

Alternatiy

alignment event), with respect to insulation coordination and troubleshooting functionality.

— The

Addi

increpse the likelihood of compatibility.

— The

VC-BZ circuits in all operating modes:!

— Itis

for an

gach manufacturers’ decisignabout how to warn, or possibly disable the VC-B2 circuits.

apprq@priate response.

— If the

deterimined acceptable’by the manufacturer, then the insulation monitoring system shall i
apprapriate respons€, which may take the form of:

iagnosticttouble codes (DTCs),

-rating,

consumer

R) values

§S at the tractor and CS at the implement need to be compatible). There may be EMC suppression
rely, the HPI-C and HPI-MC may be pre-approved between the manufacturers (e.g. at arf industry

Jnanufacturer should provide a list of known verified comparable HPI-C and HPI-M( systems.
ionally, there should be other information-suich as literature or online guidance readily avfailable, to

HPI-MC shall be able to obtain the ¢combined resultant resistance of SS and all the conneclted CSs of

However,

y SS/CS combinations, the-SS-M determines the relevant resistance values for any warning or other

HPI-MC determines’that the connected systems have an insulation resistance less thgn a value

hitiate an

disabling engine re-start or

de-energizing.

— Ifthereis no functioning OIM connected to VC-B2 conductors, and a lack of measuring is determined, this
information shall be brought to the attention of the operator. Allowing continued operation with a non-
functioning OIM should be risk assessed and actioned accordingly.

7) AnOIM is a device which continuously monitors the isolation resistance of a complete VC-B2 system during operation.
It is an inherent part of the overall VC-B2 system.
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— Ifthe HPI-MC determines the connected SS and CSs have had a severe insulation fault, then the operator
shall, as a minimum, be warned. A low resistance value can be an indication of a risk of fire. Allowing
continued operation with a low resistance should be risk assessed and actioned accordingly.

— If a manufacturer chooses the method of automatically de-energizing the HPI, then a risk assessment
shall be performed to determine if any harm can occur to the machinery systems or persons when it is
invoked. The principles of IEC 60204-1:2016, 9.2 shall be used to address any potential harm identified.
Any other reactions should be made based on a risk assessment of the combined systems.

— Prior to initiating any protective response, the HPI-MC may take into consideration erroneous data
arising from cold start-up, temporary condensation, and the number of connected CSs.

NOTE 2 It can be possible to selectively disconnect/disable devices and determine more precisely where any
system faylt could reside, or to provide reduced/limited functionality in the event of a lower-than-expected|resistance
detection.

11.2 Communication

11.2.1 General

The folloying process steps in 11.2.2, 11.2.3 and 11.2.4 shall be performed during the initializatign routine
after the quthentication and identification routines have successfully concluded and thus, the overall system
topology Is identified.

NOTE1 |[Generally, an OIM is not mandatorily needed in system, it is only an option per ISO 23316-3.

NOTE 2 |See Table A.4 for the signal definitions.

11.2.2 OJIM initialization

The manyfacturer should risk assess if operation witheut an OIM is allowed, considering that an OlIM is only
an option

NOTE Otherwise, different OIMs interfere with.each other, and which can lead to inconsistent IR values.
The OIM initialization shall include the following steps:

1) The HPI-MC onboard of the SS:M broadcasts to each HPI-C whether an OIM is on-boafd of the
corresponding CS or SS8),

2) Each S and SS send by itstHPI-C an acknowledge to the HPI-MC.

3) IfCS pperation is not.allowed, the operator shall be informed accordingly by the HPI-C of the gpecific CS
or SS

11.2.3 Minimum‘solation resistance initialization

The manyfacturers shall define a Minimum Isolation Resistance (MIR)? value for each SS and CS cdnsidering
the worsttcase ambient conditions (e.g. high humidity for systems including air cooled components).

The MIR initialization process shall include all steps in the following order.

1) Each SS’s HPI-C shall prohibit the activation of its output until the MIR process was successful.

8) Considering that a CS can act as a SS for subsequent CS.

9) The wording “minimum isolation resistance” is chosen instead of “rated isolation resistance” or “nominal isolation
resistance” since it represents the minimum isolation resistance in “normal” ambient conditions and without any
insulation fault.

© IS0 2024 - All rights reserved

34


https://standardsiso.com/api/?name=5766d1a24def917ad5c56efcfab88a90

ISO 23316-6:2024(en)

2) Each assigned CS HPI-C sends its MIR to its SS HPI-C as reaction of the assignment. If a CS acts as SS for
subsequent CS (see example in Figure 12 or Annex C), the HPI-C of the higher-level CS transmit the total
MIR of itself and all subsequent CSs.

3) The HPI-MC onboard SS-M processes the received MIR data from all HPI-C.

NOTE 1
connected

Consider that all IR values of SS and CSs are connected in parallel, this includes all potential IM impedances

with the EPC.

4) The HPI-MC decides depending on the MIR result about its MIR-based operational status.

5) The HPI-MC broadcasts the MIR result and its MIR-based operational status to all HPI-C.

6) EachH

7) Each

Normally,
HPI-C or
the MIR i

NOTE 2

operationdl statuses.

HPI-MC a

NOTE 3
values, als

NOTE 4

RLC MIR L
) S S\ V)

A A | il AR Lol £t A | 43 l oot
ULUTIULS VIT LIIU ITVITIN TCOUIU AdUDUUUL IS TVITINVUASCTU UlJCl dlliUulldl Stditus.

CS’s HPI-C responds by sending the MIR-based operational status to the HPI-C of itsspec

pther conditions, the HPI-MC may recognize an HPI-C which was not assignedat the be

The repetition of the process leads to a revised MIR and thereforecta-potentially revised

nd each HPI-C shall inform the operator on its own if its operation is not possible.

For transfer of IR values, a specific signal definition is needed to handle the huge range of such
b considering usage in other applications. See definition in Axl and Table A.4.

For examples, see Annex E.

fic SS.

the MIR initialization process stops while reaching step 7. Because of a delayédyconnedtion of an

rinning of

hitialization process or even after finalizing it. In such a case, the delayedyHPI-C shall §tart with
step 2 and the following process steps shall be repeated.

MIR-based

resistance
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SS-M cs
HPI-C
TIM-C
cs cs
HPI-C HPI-MC HPI-C
TIM-C TIM-C
cs SS cs
HPI-C
TIM-LeadS TIM-C
HPI-C
cs
HPI-C
TIM-C TIM-Sub$ TIM-C
Key
Symbol Description Symbol Description
CS consumer system SS Supply system
HPI-C high power interface-controller HPI-MC  high\power interface-master controllgr
TIM-C tractor implement management-client TIM-SubS ~FIM sub-server

TIM-Lead§ TIM lead-server

Figure 21 — Example of a DC mode topology per ISO 23316-5 with a CS acting as SS for subsequent
€Ss

11.2.4 Iqolation resistance online measurément (operation of the completed system)

If applicable and after a successful initialization routine, the active OIM shall frequently measure the actual
IR.

The actupl IR signal should be\sent periodically with a repetition time between 5 s and 100 s, the
recommehded repetition timelis)20 s.

NOTE 1 |[The feasible repetition time depends on the time which is required to determine a valid IR valug This time
can vary dpe to the usedmeasuring method. Commonly this is in a range of 5sto 15 s.

If significhnt changes'in the actual IR value are detected, this should be broadcasted immediately.

NOTE 2 [Sinee\per applied IR measurement technology a different repetition time is required, no mandatpry update
rate is list¢d-here.

NOTE3 Frequent communication is intended also as a heartbeat of the OIM. Acknowledgment is therefore a
common approach for it.

The following measurement process shall be performed in a loop.
— The active OIM shall measure the actual IR value.

— The SS shall broadcast the actual IR value.

— Each receiving CS shall acknowledge the received actual IR.

— Each SS or CS shall decide to take action based on the actual IR if needed (e.g. warn, derate, shut-off).
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— Each SS or CS shall broadcast feedback on decision if needed (e.g. by sending a corresponding command
or DTC).
Missing acknowledgement should be risk assessed and actioned accordingly.

NOTE4  For examples, see Annex E.
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Annex A
(normative)

Communication signals

A.1 General

Relative
Table A.1;

‘Actual vallues’9 which are sent on a repeatable base shall be filtered with a filter cénstant equiva

repetitior

"Actual v3
temperat

NOTE 1
commands
reserved f

NOTE 2
SAE ]J1939
referenced

NOTE 3
applied.

NOTE 4

only during initialization phase, then this valGe;is only transmitted automatically ‘on change’ once. Nevert

parameter
also frequg
in the ‘rep

The Susp¢

NOTE 6
they canb

NOTE 7
the messa

be changed in operation.

barameter/signal quantities (usually percentages) shall reference to the values list
examples are actual and target values.

time, thus the average per transmission cycle is sent.

ires will be usually filtered with a time constant of several seconds).

According to ISO 11783-7:2020, Table 2 and Table 3 single-bit-vdlues for discrete parameters
are not allowed. At minimum, two bits for describing are necessary, where the higher priorityj
br indicating error (bit-pattern: 1 0) and indicating not available/not installed (bit-pattern: 1 1).

Depending on the kind of signal, common Scaling, Limit, Offset and Transfer function (SL
DA or specific value definitions are used. If applicableftherefore the corresponding SLOT name/i
in “Description, reference and comments”; otherwise “- / -“ is filled in.

If same parameters with the same name are used in different operational modes, the same SLO’]

Only the necessary repetition rates arélisted. However, if there is the requirement to transfer the

can be transmitted ‘on request’ again (e.g. during operation). It can be useful to transfer such g
ntly for other reasons (e.g. forsa'consistency check), as common practice this is permitted but not
btition rate’ column.

bct Parameter Numbér)(SPN) per signal shall be defined in SAE J1939.

Target and actual-values will change during operation by intend. Therefore, no further hint is
b changed during operation in the ‘description, reference, and comments’ column.

Some mode§ will not use only a single target and / or actual value. This will be considered and 1
e sets finally.

rameter/

bd within

ent to the

lues’ which are sent ‘on request’ shall be filtered with a useful tini€ constant per quantity (e.g.

or control
states are

0Ts) from
Hentifier is

[ is usually

parameter
heless, this
arameters
mentioned

given that

eflected in

A2 Ge

d DC

eral communication eignalc for AC made m‘rnrding 10 IS0 23316-4 an

mode according to ISO 23316-5

10) ‘Actual values’ are feedback values as (e.g. measured current). It is the counterpart of the ‘target value’ (also known

as set poin

t, set value or desired value) in control technology.
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The isolation resistance (IR) value requires a new SLOT definition, and the following definition shall be
introduced:

— 3-digit number multiplied with the power of 10 exponent.

This results in 3 x 4 bit + 4 bit for defining the value. It enables the following value range:
000-1030...999 - 1010 Q. Hence, 3 nibbles (4 bits) are used for the numerals NNN (4 bit) and one nibble for
the exponent E: NNN - 10E with each N in a range 0...9 and E with a range of -3...+10.

NOTE1 The IR value varies in a wide range. No common linear scaling useful.
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ISO 23316-6:2024(en)
The signals of online insulation monitoring (OIM) and IR in Table A.4 shall be shared between the HPI-MC
and each HPI-C in both ways (broadcasted).

NOTE 2  Broadcasting of these signals is necessary while there can be relations or dependencies between different
HPI-Cs onboard of the same or different CSs.
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A.3 Communication signals for AC mode according to ISO 23316-4

A.3.1 ISOBUS signals
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A.3.2 Load specific signals

A.3.2.1 Datatype definition

The datatype “string” shall represent a combination (an array) of characters (interpreted as enhanced ASCII
code: characters/letters and numerals). Each character shall have the length of 8 bit. The string length shall
be 50 characters.

Each load specific signal sent on the fieldbus shall be accessible on ISOBUS as a response while sending the
corresponding index and sub-index as request.

NOTE1 The datatype’s intended use is the ‘manufacturer code’, ‘type code’, etc. Such a datatype is already defined

eg for C+ tha datatuna vl batrancforrad via CAN tho vca nftha ca callad “4rancnaort mpatacnl” ic nacg ssar
8. —rtRe-aatatype-Whrrse-trah St re e ey te-u5e-6++t1e-5o-carea—tFahsS FePpFo+ —5-Hee y.

NOTE 2 |[See Clause 7 for the physical layer of the fieldbus.

NOTE 3 |[Fieldbus index 5 - 13 not used yet. For compatibility with CAN bus restrictions, fieldbus index and sub-
index Fy ., [(=15) is not available.

NOTE 4 |[IEC 61800-7-202 is used as reference for load/electric machine parameters in Table A.11.
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The signals ‘actual rotor position’ and ‘actual rotor speed’ are used for control purposes by the PC/S. Hence,
the LLB shall transmit them with the repetition rate required by the PC/S.

NOTES5  The signals ‘actual temperature 1’ and ‘actual temperature 2’ in Table A.12 are intended as input for over-
temperature protection features of the corresponding HPI-C.
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