IEC 61158-4-12:2014-08(en-fr)

IEC IEC 61158-4-12

o
®

Edition 3.0 2014-08

INTERNATIONAL

STANDARD

NORME

INTERNATIONALE

N

Qﬁ ations —
- e 12 elements



https://standards.iteh.ai/catalog/standards/iec/50380f24-4141-48a5-84ea-e850fb21b44c/iec-61158-4-12-2014

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2014 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans l'accord écrit de I''EC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez
les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch

Switzerland www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global or
International Standards for all electrical, electronic and related technologies

About IEC publications

The technical content of IEC publications is kept under constant revj

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting
bibliographical information on IEC International ‘§
Technical Specifications, Technical Reports and
documents. Available for PC, Mac OS, Android Tabl
iPad.

IEC publications search - www.iec h/searchpub

committee,...).
and W|thdrawn publications.

IEC Just Published - #ebstore)i
Stay up to date on al )
details all new publication

an 55 000 electrotechnical terminology entries in
and French extracted from the Terms and Definitions

ave been collected from earlier publications of IEC TC 37,
77, 86 and CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.

Le contenu techniq
plus récente, un corrige

Catalogue IEC - webstore.iec.ch/catalogue

Application autonome pour consulter tous les renseignements
bibliographiques sur les Normes internationales,
Spécifications techniques, Rapports techniques et autres
documents de I'lEC. Disponible pour PC, Mac OS, tablettes
Android et iPad.

Recherche de publications IEC - www.iec.ch/searchpub

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

des pyblications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
ou amendement peut avoir été publié.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient plus de 30 000 termes et définitions en
anglais et en francais, ainsi que les termes équivalents dans
14 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

Plus de 55 000 entrées terminologiques électrotechniques, en
anglais et en frangais, extraites des articles Termes et
Définitions des publications IEC parues depuis 2002. Plus
certaines entrées antérieures extraites des publications des
CE 37,77, 86 et CISPR de I'EC.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://std.iec.ch/glossary
https://standards.iteh.ai/catalog/standards/iec/50380f24-4141-48a5-84ea-e850fb21b44c/iec-61158-4-12-2014

IEC 61158-4-12

Edition 3.0 2014-08

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Industrial communication netwo
Part 4-12: Data-link layer protocg

Partie 4-12: Spécificat
Eléments de type

o,

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE XG
CODE PRIX

ICS 25.040.40; 35.100.20; 35.110 ISBN 978-2-8322-1724-5

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://standards.iteh.ai/catalog/standards/iec/50380f24-4141-48a5-84ea-e850fb21b44c/iec-61158-4-12-2014

-2- IEC 61158-4-12:2014 © IEC 2014

CONTENTS
O T I S 7
NI O 11U O I [ ]\ S 9
LS ToTo] o 1Y PPN 10
il G BNEIAl e e
1.2 SPECIHICAtIONS . e
1.8 PrOCEAUIES ..
T4 APPICADII Y e
1.5 CONfOrMaANCE ...
Normative references ..o
Terms, definitions, symbols, abbreviations and conventions
3.1 Reference model terms and definitions..............o..co /NG N\
3.2 Service convention terms and definitions.................\(......D
3.3
3.4
3.5
3.6
3.7 Conventions
4  Overview of the DL-protocol
4.1 Operating principle
4.2 Topology .cocvvieiiiiiiiiiieie e
4.3 Frame processiig
4.4 Data-link layer ove
4.5 Error detectip
4.6 Node
4.7 Operation oVe
5 Frame structyr
5.1
5.2
5.3
5.4
5.5
5.6
B AT DU S . e e
6.1  MaANagemM Nt Lo 50
6.2  SHAlISTICS i 65
L RC T VA - (o] o o o Yo = 68
6.4 Slave information interface ..o, 71
6.5 Media independent interface (MII) ..., 75
6.6 Fieldbus memory management unit (FMMU).........coooiiiiii e 79
I A V] o (o3 4 = [ =T [ PP 82
6.8  DiStributed CIOCK ... ... 89
A ] R U E- T o 4 T=T0 o PSPPI 93
% B © 1V =Y VA - PSPPSR 93
7.2 MailbOX @CCESS LY PO oottt 94

7.3  BUffered @CCESS LY PO et 96


https://standards.iteh.ai/catalog/standards/iec/50380f24-4141-48a5-84ea-e850fb21b44c/iec-61158-4-12-2014

IEC 61158-4-12:2014 © IEC 2014 -3-

8 Type 12: FDL protocol state machines. ... ... 97
8.1  Overview of slave DL state machines ...........cooiiiiiiiiiiii e 97
8.2 State machine desCription ... ... 98

Annex A (informative) Type 12: Additional specifications on DL-Protocol state

00 F= 1] 011 0 T T PP TPPPRPRR 106
AT DH S Lo e 106
A 5 124
AL RM S Lo e e 136

L= 1 o 10 Yo =Y o1 2 1728 S 140

Figure 1 — Type description example ...,
Figure 2 — Common structure of specific fields.............cocoeiiiinn. S
Figure 3 — Frame StruCture..........ccooiiiiiiii e\ e

Figure 4 — Mapping of data in a frame............cooiii e o NG N e D

Figure 5 — Slave node reference model...........ooiiiiiiiii e NN R e\ e e re e e e
Figure 6 — Type 12 PDUs embedded in Ethernet frame cm o NG N\ oSG e rneeieieeeeneenn, 27
Figure 7 — Type 12 PDUs embedded in UDP/IP .../ . oo N e Deeeneeteeteereeeeeeneenns 27
Figure 8 — DL information type description
Figure 9 — Address type description..{...\...

Figure 10 — DL control type description......\..
Figure 11 — DL status type description /..............N¢ D

Figure 15 — Lost<:>
Figure 16 — Additrens

Figure 24 — Slave information interface address type description........cc.ccooviiiiiiiiin s 74
Figure 25 — Slave information interface data type description ...........coooiiiiiiiiiii e, 75
Figure 26 — MIl control/status type description ...........coooiiiiiiiii e, 76
Figure 27 — MIl address type desCriplion .......co.iiiiiii e 78
Figure 28 — MIl data type desCription ... oo 78
Figure 29 — MIl access type desCriplion ... 79
Figure 30 — FMMU mMapping €XamPle ..ot e e e 80
Figure 31 — FMMU entity type description ..o 81
Figure 32 — SyncM mailbox interaction....... ... 83
Figure 33 — SyncM buffer allocation ..o 83

Figure 34 — SyncM buffer interaction ... 84


https://standards.iteh.ai/catalog/standards/iec/50380f24-4141-48a5-84ea-e850fb21b44c/iec-61158-4-12-2014

-4 - IEC 61158-4-12:2014 © IEC 2014

Figure 35 — Handling of write/read toggle with read mailboX ..o, 85
Figure 36 — Sync manager channel type description ..........cooiiiiiiiiiiii i, 87
Figure 37 — Distributed clock local time parameter type description ...........ccooiiiiiiiiiiinn, 91
Figure 38 — Successful write sequence to MailboX ... 94
Figure 39 — Bad write sequence to mailboX ... 95
Figure 40 — Successful read sequence to MailboX.........oouiiiiiiiiiiii e, 95
Figure 41 — Bad read sequence t0 MailboX .......c.ooiiiiii 96
Figure 42 — Successful write sequence to buffer ... 96
Figure 43 — Successful read sequence to buffer..........ooo

Figure 44 — Structuring of the protocol machines of an slave ....................
Figure 45 — Slave information interface read operation ...................... <
Figure 46 — Slave information interface write operation................... N O\

Figure 47 — Slave information interface reload operation .........¢. 8\ -\ -2 0
Figure 48 — Distributed clock
Figure 49 — Delay measurement SEQUENCE ...........cevnene e Dgen e

Table 5 — Conventions used\in state MAChIRES ™\ ...\ .\ 22
Table 6 — Transfer Syntax\for bit(sequences 28

Table 8 — Transfgf\\,? z
Table 9 — Type 12fram

Table 10 — Type 1

Table 12 —

Table 1

Table 14 —

Table 15 — Config

Table 16 — Broadcast read (BRD) .. ..ot 35
Table 17 — Logical read (LRD) ...ouiuiiiie e e e e e 36
Table 18 — Auto Increment physical write (APWR) ..o 37
Table 19 — Configured address physical write (FPWR).......cooooiiiii e 38
Table 20 — Broadcast Write (BWRY) . ... 39
Table 21 — Logical WIte (LWR) ... e 40
Table 22 — Auto increment physical read write (APRW) ..., 41
Table 23 — Configured address physical read write (FPRW) ..o, 42
Table 24 — Broadcast read write (BRW ) . ... 44
Table 25 — Logical read Write (LRW ) .. ...iiiii e e 45
Table 26 — Auto increment physical read multiple write (ARMW) ..., 46

Table 27 — Configured address physical read multiple write (FRMW) ...t 47


https://standards.iteh.ai/catalog/standards/iec/50380f24-4141-48a5-84ea-e850fb21b44c/iec-61158-4-12-2014

IEC 61158-4-12:2014 © IEC 2014 -5-

Table 28 — Network variable ... 48
Table 29 — MaAiIDOX .. e 49
Table 30 — Error Reply Service Data........couiiiiiiii e 49
Table 31 — DL iNformMation . ... e 52
Table 32 — Configured station address. ... ..o 54
Table 33 — DL CONTIOL ..o ettt 55
Table 34 — DL StatUS . .ce e e 58
Table 35 — DLS-user specific registers. ... ..o 60
Table 36 — DL S-USEIr ©VENT o

Table 37 — DLS-user event mask .........covieiiiiiiiiiiie e

Table 38 — External event ... <

Table 39 — External event mask ... WD

Table 40 — RX error counter..........cooeiiiiiiiiiiiiiiiineeeee o G N

Table 41 — Lost link counter..........coooiiiiiiii e OGN R e N e

Table 43 — Watchdog diVider....... ..o e DN e e e et et e e e
Table 44 — DLS-user watchdog ........c...ccocciiennnen
Table 45 — Sync manager channel wat

Table 50 — Actual slave i

Table 51 — Actu

Table 52 — MII cﬁ
Table 53 — Actual }
Table 54 — Actual

Table A.1 — Primitives issued by DHSM 1o PSM ... 106
Table A.2 — Primitives issued by PSM to DHSM ... 106
Table A.3 — Parameters used with primitives exchanged between DHSM and PSM............. 106
Table A.4 — Identifier for the octets of a Ethernet frame ... 107
Table A.5 — DHSM state table ... e 109
Table A.6 — DHSM function table ... e 124
Table A.7 — Primitives issued by SYSM to DHSM........cooiiiiiie e, 124
Table A.8 — Primitives issued by DHSM t0 SYSM ..., 125

Table A.9 — Primitives issued by DL-User to SYSM ... 125


https://standards.iteh.ai/catalog/standards/iec/50380f24-4141-48a5-84ea-e850fb21b44c/iec-61158-4-12-2014

-6- IEC 61158-4-12:2014 © IEC 2014

Table A.10 — Primitives issued by SYSM t0 DL-USEr.......cooiiiiiiiiiiii e 125
Table A.11 — Parameters used with primitives exchanged between SYSM and DHSM ........ 125
Table A.12 — SYSM state table ... 127
Table A.13 = SYSM function table...... ... 136
Table A.14 — Primitives issued by RMSM to SYSM ... 136
Table A.15 — Primitives issued by SYSM to RMSM ..., 137
Table A.16 — Parameters used with primitives exchanged between RMSM and SYSM ........ 137
Table A.17 — RMSM state table. . ... e 138
Table A.18 — RMSM function table ... ... 139

N


https://standards.iteh.ai/catalog/standards/iec/50380f24-4141-48a5-84ea-e850fb21b44c/iec-61158-4-12-2014

IEC 61158-4-12:2014 © IEC 2014 -7-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-12: Data-link layer protocol specification —
Type 12 elements

FOREWORD

this end and in addltlon to other activities, IEC publishes International
Technical Reports, Publicly Available Specifications (PAS) and Gujdes

governmental organizations liaising with the IEC also partlmpate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

interested IEC National Committees.

3) IEC Publications have the form of recom and are accepted by IEC National
Committees in that sense. While all reasonab t re that the technical content of IEC
Publications is accurate, IEC cannot be ) the way in which they are used or for any
misinterpretation by any end user.

the latter.

5) IEC itself does nof _provide
assessment serw i
services carried out by i

7) No liability shall gttac s_di ors, employees, servants or agents including individual experts and
members of itg_technical co i EC National Committees for any personal injury, property damage or
other damage of\a 3 , whether direct or indirect, or for costs (including legal fees) and
expenses ansing Ou ation, use of, or reliance upon, this IEC Publication or any other IEC

8) AttentionN ¥ to ative references cited in this publication. Use of the referenced publications is
indispensabte_forthe sorreef application of this publication.

Attention is drawn te’the fact that the use of the associated protocol type is restricted by its
intellectual-property-right holders. In all cases, the commitment to limited release of
intellectual-property-rights made by the holders of those rights permits a layer protocol type to
be used with other layer protocols of the same type, or in other type combinations explicitly
authorized by its intellectual-property-right holders.

NOTE Combinations of protocol types are specified in IEC 61784-1 and IEC 61784-2.

International Standard IEC 61158-4-12 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This third edition cancels and replaces the second edition published in 2010. This edition
constitutes a technical revision. The main changes with respect to the previous edition are
listed below:

e bug fixes and

e editorial improvements.
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The text of this standard is based on the following documents:

FDIS Report on voting
65C/762/FDIS 65C/772/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts of the IEC 61158 series, published under the general title Industrial

The committee has decided that the contents of this publication wi i hanged until
the stability date indicated on the IEC web site under "http://wek Nec. ig the data

* reconfirmed,

+ withdrawn,
* replaced by a revised edition, or
+ amended. & 6

IMPORTANT - The 'colour inside' logo on the sovex page of this publication indicates
that it contains colours which | aresonsi ed >to be useful for the correct
s

understanding of its contents,Us d therefore print this document using a
colour printer.

@@3\’
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NTRODUCTION

This part of IEC 61158 is one of a series produced to facilitate the interconnection of
automation system components. It is related to other standards in the set as defined by the
“three-layer” fieldbus reference model described in IEC 61158-1:2013.

The data-link protocol provides the data-link service by making use of the services available
from the physical layer. The primary aim of this standard is to provide a set of rules for
communication expressed in terms of the procedures to be carried out by peer data-link
entities (DLEs) at the time of communication. These rules for communication are intended to
provide a sound basis for development in order to serve a variety of purposes:

as a guide for implementors and designers;

for use in the testing and procurement of equipment;

tual-property-right holders. In all
e holders of those rights permits

involve the use of patents concerning
Type 12 elements and [p K i follows:

EP 1 590 927 B1

EP 1 789 857 B1 3k rfahren und automatisierungssystem zum Einsatz eines

ittlungsvorrichtung und lokales Kommunikationsnetz mit einer solchen
itthuhigsvorrichtung

licences either free” of charge or under reasonable and non-discriminatory terms and
conditions with applicants throughout the world. In this respect, the statement of the holder of
these patent rights is registered with IEC. Information may be obtained from:

[BE]: Beckhoff Automation GmbH
EiserstralBe 5
33415 Verl,
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.

ISO (www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line databases of
patents relevant to their standards. Users are encouraged to consult the databases for the
most up to date information concerning patents.
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-12: Data-link layer protocol specification —
Type 12 elements

1 Scope

1.1 General

The data-link layer provides basic time-critical messaging communicz
an automation environment.

1.2 Specifications
This standard specifies

a) procedures for the control information from one data-link user entity to

one or more user e

h€ transfer of data and control information by the
esentation as physical interface data units.

b) the structure
protocol of this

through the exchange of DLS primitives;
c) the interactions between a DLS-provider and the MAC services of ISO/IEC 8802-3.

1.4  Applicability

These procedures are applicable to instances of communication between systems which
support time-critical communications services within the data-link layer of the OSI reference
model, and which require the ability to interconnect in an open systems interconnection
environment.

Profiles provide a simple multi-attribute means of summarizing an implementation’s
capabilities, and thus its applicability to various time-critical communications needs.

1.5 Conformance

This standard also specifies conformance requirements for systems implementing these
procedures. This part of this standard does not contain tests to demonstrate compliance with
such requirements.


https://standards.iteh.ai/catalog/standards/iec/50380f24-4141-48a5-84ea-e850fb21b44c/iec-61158-4-12-2014

IEC 61158-4-12:2014 © IEC 2014 -1 -

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

NOTE All parts of the IEC 61158 series, as well as IEC 61784-1 and IEC 61784-2 are maintained simultaneously.
Cross-references to these documents within the text therefore refer to the editions as dated in this list of normative
references.

IEC 61158-3-12, Industrial communication networks — Fieldbus specifications — Part 3-12:
Data-link layer service definition — Type 12 elements

Model: Naming and addressing

ISO/IEC 8802-3:2000, Information
exchange between systems — Local and
Part 3: Carrier sense multiple access witt iSi o ct/on CSMA/CD) access method and
physical layer specifications

vriications and information

ISO/IEC 10731, Information™ pen Systems Interconnection — Basic Reference
Model — Conven 2 fiPNgi 1

<http://www.ietf org>

3 Terms, definitions, symbols, abbreviations and conventions

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

3.1 Reference model terms and definitions

This standard is based in part on the concepts developed in ISO/IEC 7498-1 and
ISO/IEC 7498-3, and makes use of the following terms defined therein.

3141 DL-duplex-transmission [ISO/IEC 7498-1]
3.1.2 DL-protocol [ISO/IEC 7498-1]
313 DL-protocol-data-unit [ISO/IEC 7498-1]
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3.1.5

3.1.10
3.1.11
3.1.12
3.1.13
3.1.14
3.1.15
3.1.16
3.1.17
3.1.18
3.1.19
3.1.20

3.2

-12 - IEC 61158-4-12:2014 © IEC 2014

(N)-entity [ISO/IEC 7498-1]
DL-entity
Ph-entity

(N)-interface-data-unit [ISO/IEC 7498-1]

DL-service-data-unit (N=2)
Ph-interface-data-unit (N=1)

(N)-layer [ISO/IEC 7498-1]
DL-layer (N=2)
Ph-layer (N=1)

(N)-service
DL-service (N=2)
Ph-service (N=1)

SO/IEC 7498-1]

(N)-service-access-point
DL-service-access-point (N=2)
Ph-service-access-point (N=1)

(N)-service-access-point-address O/IEC 7498-1]
DL-service-access-point-address (N=2)
Ph-service-access-point-address (N=1

peer-entities [ISO/IEC 7498-1]
Ph-interface-data [ISO/IEC 7498-1]
primitive name [ISO/IEC 7498-3]

reassembling [ISO/IEC 7498-1]
recombining [ISO/IEC 7498-1]
reset Q [ISO/IEC 7498-1]
routing [ISO/IEC 7498-1]

segmen [ISO/IEC 7498-1]

N [ISO/IEC 7498-1]
[ISO/IEC 7498-1]

system nagement [ISO/IEC 7498-1]

Service convention terms and definitions

This standard also makes use of the following terms defined in ISO/IEC 10731 as they apply
to the data-link layer:

3.21
3.2.2

3.23
3.24

3.2.5

3.2.6

asymmetrical service

confirm (primitive);
requestor.deliver (primitive)

deliver (primitive)

DL-service-primitive;
primitive

DL-service-provider

DL-service-user
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