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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 6-12: Application layer protocol specification — Type 12 elements

EQREWQRD

1) Thel International Electrotechnical Commission (IEC) is a worldwide organization for sfandardi t|on comprising
all |national electrotechnical committees (IEC National Committees). The objectN of romote
intefnational co-operation on all questions concerning standardization in the elegtri ic figlds. To
this| end and in addition to other activities, IEC publishes International Stan@ards \Techricak Spectifi¢ations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (R 3 s “IEC

Publication(s)”). Their preparation is entrusted to technical committees; rested
in fhe subject dealt with may participate in this preparatory work. d non-
governmental organizations liaising with the IEC also participate in thi closely

wit the International Organization for Standardization (ISO) in @gcorda iti ned by
agréement between the two organizations.

hational
rom all

2) The formal decisions or agreements of IEC on technical mat
conpensus of opinion on the relevant subjects since eac
intefested IEC National Committees.

3) IEC]| Publications have the form of recommendatio in i 7 lational
Committees in that sense. While all reasornable € of IEC
Publications is accurate, IEC cannot be h i for any
mis|nterpretation by any end user.

4) In ¢rder to promote international uniformit Natiotial ‘Commnjittees undertake to apply IEC Publ{cations
transparently to the maximuym_extent_possjble Reir national and regional publications. Any diveérgence
betyeen any IEC Publicatiog corresponding lional Or regional publication shall be clearly indi¢ated in
the [atter.

5) IEC

approval and cannot be rendered responsible for any

equ ublication.

6) All edition of this publication

7) No Ji tors,/employees, servants or agents including individual expgrts and
mef| € National Committees for any personal injury, property darhage or
othg whether direct or indirect, or for costs (including legal feg¢s) and
expe use of, or reliance upon, this IEC Publication or any other IEC
Publi

8) Attg tive references cited in this publication. Use of the referenced publications is
indi pplication of this publication.

9) Attgnti K eNpossibility that some of the elements of this IEC Publication may be the supject of
paté ot be held responsible for identifying any or all such patent rights.

NOTE [Use‘of'some of the associated protocol Types is restricted by their intellectual-property-right holderp. In all
cases, fhe‘commitment to limited release of intellectual-property-rights made by the holders of those rights [permits
a particutardata=tmktayer protocot—Typetobeused-withphysicattayer—amd—appticatiom tayer protocots—in Type
combinations as specified explicitly in the IEC 61784 series. Use of the various protocol Types in other
combinations may require permission of their respective intellectual-property-right holders.

International Standard IEC 61158-6-12 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition and its companion parts of the IEC 61158-6 series cancel and replace
IEC 61158-6:2003. This edition of this part constitutes a technical addition. This part also
replaces IEC/PAS 62407, published in 2005

This edition of IEC 61158-6 includes the following significant changes from the previous
edition:

a) deletion of the former Type 6 fieldbus for lack of market relevance;
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c) partition of part 6 of the third edition into multiple parts numbered -6-2, -6-3, ...
The text of this standard is based on the following documents:

FDIS

Report on voting

65C/476/FDIS

65C/487/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 ISO/IEC Directives, Pa

The cpmmittee has decided that the contents of this publication will rex
maintg¢nance result date indicated on the IEC web site under http://gvel
relatedl to the specific publication. At this date, the publication will.be:

* re¢onfirmed;

* withdrawn;

+ replaced by a revised edition, or
+ amended.

NOTE | The revision of this standard will be synchronized wj

The list of all the parts of the K
commjunication networks — Fieldbus spec

ad until the
the data

he general title Industrial
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INTRODUCTION

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/TR 61158-1.

The application protocol provides the application service by making use of the services
available from the data-link or other immediately lower 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 application entities (AEs) at the time of communication. These rules for
communication are intended to provide a sound basis for development in order to serve a

variet§y of purposes.

as
for
as

as

a guide for implementors and designers;
use in the testing and procurement of equipment;

part of an agreement for the admittance of systems into the

This gtandard is concerned, in particular, with the com
effectprs and other automation devices. By using thig
positioned within the OSI or fieldbus reference mod
work together in any combination.

&

npatible system

with other star

nent;

nsors,
dards
5 may
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 5-12: Application layer protocol specification — Type 12 elements

1 Scope

1.1 General

5s the
window

The fleldbus Application Layer (FAL) provides user programs with a
fieldblis communication environment. In this respect, the FAL can be
between corresponding application programs.”

This [standard provides common elements for i i ifical 'a itvfe-gritical

messaging communications between appllcat|on programs in 3 i nt and
mater|al specific to Type 12 fieldbus. The term “time-critical” is\us L sence
of a time-window, within which one or more specified actlon &g completgd with
some |defined level of certainty. Failure to complete acti ithih the time window

risks failure of the applications requesting the actions, wi isk to equipment| plant
and pgssibly human life.

This $ i i e externally visible behavior provided by the
differg

a) th
co

b) th

tween

tween

visible

visible

e with
Lcture

(ISO/IEC(9545).

FAL services and protocols are provided by FAL application-entities (AE) contained within the
application processes. The FAL AE is composed of a set of object-oriented Application Service
Elements (ASEs) and a Layer Management Entity (LME) that manages the AE. The ASEs
provide communication services that operate on a set of related application process object
(APO) classes. One of the FAL ASEs is a management ASE that provides a common set of
services for the management of the instances of FAL classes.

Although these services specify, from the perspective of applications, how request and
responses are issued and delivered, they do not include a specification of what the requesting
and responding applications are to do with them. That is, the behavioral aspects of the
applications are not specified; only a definition of what requests and responses they can
send/receive is specified. This permits greater flexibility to the FAL users in standardizing such
object behavior. In addition to these services, some supporting services are also defined in this
standard to provide access to the FAL to control certain aspects of its operation.
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1.2 Specifications

The principal objective of this standard is to specify the syntax and behavior of the application
layer protocol that conveys the application layer services defined in IEC 61158-5-12.

A secondary objective is to provide migration paths from previously-existing industrial
communications protocols. It is this latter objective which gives rise to the diversity of protocols
standardized in subparts of IEC 61158-6.

1.3 Conformance

hdard.
prjotocol

There| is no conformance of equipment to the application layer se
Instead, conformance is achieved through implementation of this
specifjcation.

2 Narmative references

The fgllowing referenced documents are indispensab of this document. For
dated|references, only the edition cited applies. For undated™t S, the latest edition of
the referenced document (including any

IEC 60559, Binary floating-point arithmetic fo

IEC 61158-3-12, Industrial communication( hetwao
Data-link layer service defiait

IEC 61158-4-12, Indus vks — Fieldbus specifications — Part| 4-12:

Data-fnk /ayerpro:oco eCificati 12 elements
IEC 61158-5-12, Mdu : fcation networks — Fieldbus specifications — Part| 5-12:

Applig 12 elements

ISO/IB echnology — Open Systems Interconnection — Basic Refgrence
Mode : ]

ISO/IE ) ‘Qrmatign technology — Open Systems Interconnection — Basic Refgrence
Mode

ISO/IBC/8802-3, Information technology — Telecommunications and information exchange
between-systems - [ ocal and metropolitan area networks — Specific requirements — RFart 3:
Carrier sense multiple access with collision detection (CSMA/CD) access method and Physical
Layer specifications

ISO/IEC 9545, Information technology — Open Systems Interconnection — Application Layer
structure

ISO/IEC 9899, Programming Languages — C.

ISO/IEC 10731, Information technology — Open Systems Interconnection — Basic Reference
Model — Conventions for the definition of OSI services

IEEE 802.1D, 2004, IEEE Standard for Information technology — Telecommunications and
information exchange between systems — |IEEE standard for local and metropolitan area
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networks — Common specifications — Media access control (MAC) Bridges; available at

<http://www.ieee.org>

IEEE 802.1Q, 1998, IEEE Standard for Information technology — Telecommunications and
information exchange between systems — |IEEE standard for Local and metropolitan area
networks — Virtual bridged local area networks Bridges; available at <http://www.ieee.org>

IETF RFC 768, User Datagram Protocol; available at <http://www.ietf.org>

IETF RFC 791, Internet Protocol; available at <http://www.ietf.org>

IETF RFC 792, Internet Control Message Protocol; available at <http://wwwie

3 Terms, definitions, symbols, abbreviations and conventi

For the purposes of this document, the following terms, definitia eviations and

conventions apply.

3.1 Reference model terms and definitions

This gtandard is based in part on the concepts i EC 7498-1 and IS|O/IEC

7498-B, and makes use of the following i

3.1.1 |correspondent (N)-entities [7498-1]
correspondent AL-entities (N=

3.1.2 |(N)-entity [7498-1]
AL-entity (N=7)

3.1.3 |(N)-layer [7498-1]
AL-layer (N=7)

3.1.4 Iayer-mae [7498-1]

3.1.5 |peer-entitie [7498-1]

3.1.6 |primitive prame [7498-3]

3.1.7 |AL-protoco [7498-1]

3.1.8 |AL-protocol-datacuni [7498-1]

3.1.9 |rese [7498-1]

3.1.10 [7498-1]

3.1.11 segmenting [7498-1]

3.1.12 «(N)-service [7498-1]
AL-service (N=7/)

3.1.13 AL-service-data-unit [7498-1]

3.1.14 AL-simplex-transmission [7498-1]

3.1.15 AL-subsystem [7498-1]

3.1.16 systems-management [7498-1]

3.1.17 AL-user-data [7498-1]

3.2 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:


http://www.ieee.org/
http://www.ieee.org/
http://www.ietf.org/
http://www.ietf.org/
http://www.ietf.org/
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3.21
3.2.2
3.2.3

3.24
3.2.5

3.2.6
3.2.7

acceptor
asymmetrical service

confirm (primitive);
requestor.deliver (primitive)

deliver (primitive)
AL-service-primitive;
primitive
AL-service-provider

AL-service-user

3.2.8

3.2.9

3.21
3.2.11

3.21
3.21
3.3

3.3.1

appli
functi

3.3.2

applid
multip|
netwo

3.3.3
applig
part
unam

3.34

applid
coope
excha
either

indication (primitive);
cceptor.deliver (primitive)

request (primitive);
equestor.submit (primitive)

requestor

response (primitive);
cceptor.submit (primitive)

submit (primitive)

symmetrical service

pplication layer definitions

ation

ation objects
e object classe
Fk and witf@e

ation p
pf a  di

ss the

ation on a network, which is located on one devicé and

ation retationship
rativesassocratign between two or more application-entity-invocations for the purppse of
ge‘of information and coordination of their joint operation. This relationship is acfivated
byvthe exchange of application-protocol-data-units or as a result of preconfinglration

activit

3.3.5

es

attribute

descri

ption of an externally visible characteristic or feature of an object

NOTE The attributes of an object contain information about variable portions of an object. Typically, they provide

status

information or govern the operation of an object. Attributes may also affect the behavior of an object.

Attributes are divided into class attributes and instance attributes.

3.3.6
basic

slave

slave device that supports only physical addressing of data
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3.3.7
behavior
indication of how an object responds to particular events

3.3.8

bit

unit of information consisting of a 1 or a 0. This is the smallest data unit that can be
transmitted

3.3.9

channel
repredentation of a single physical or logical management Object of slave to, ¢ontrol
convelyance of data

3.3.10
client
1) object which uses the services of another (server) object to p sk

2) initjator of a message to which a server reacts

3.3.11
clock|synchroization

repregentation of a sequence of interactions to s
time master

s of all time receivels by a

3.3.12
communication object

component that manages apd provides ork

3.3.13
connégction

logical binding b@en

3.3.14
consyme
act of|receiving

3.3.19
consyme
node ¢r sink're data from a provider

3.3.16
convgyance path
unidirectional Tlow o S across an application relationsnip

3.3.17
cyclic
events which repeat in a regular and repetitive manner

3.3.18
data
generic term used to refer to any information carried over a fieldbus

3.3.19

data consistency

means for coherent transmission and access of the input- or output-data object between and
within client and server
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3.3.20

data type

relation between values and encoding for data of that type according to the definitions of IEC
61131-3.

3.3.21
data type object
entry in the object dictionary indicating a data type

3.3.22
default gateway
devicd With at Teast two Interfaces In two different TP subnets acling as routerfor a subnel.

3.3.2
devic
physiqgal entity connected to the fieldbus composed of at least one co
netwofk element) and which may have a control element and/or &
actuafor, etc.)

nt (the
ducer,

3.3.2
device profile

collecfion of device dependent information and fu
similaf devices of the same device type

tween

3.3.2
diagnpsis information
all da

available at the server for main ena@u DOS
3.3.26

distributed clocks
methqgd to synchronize

3.3.27
error
discrejpancy bet ccified

3.3.2
error class
genergl groupiag.for relatéd error definitions and corresponding error codes
3.3.2

error code

identification of a specific type of error within an error class

3.3.30
event
instance of a change of conditions

3.3.31

fieldbus memory management unit

function that establishes one or several correspondences between logical addresses and
physical memory
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3.3.32

fieldbus memory management unit entity

single element of the fieldbus memory management unit: one correspondence between a
coherent logical address space and a coherent physical memory location

3.3.33
frame
denigrated synonym for DLPDU

3.3.34
full slave
slave fievice that supports both physical and logical addressing of data

3.3.35
index
addregs of an object within an application process

3.3.36
interface
shared boundary between two functional units, defined b
charagteristics, or other characteristics as appropriatg

aracteristics, [signal

3.3.37
little endian
data rgpresentation of multi-octet fields W

—

3.3.3
mastgr
devicg that controls the d a 0o of the

3.3.3 <::>
mappjng
corregpondence betw at way that one object is part of the other objec}

3.3.4
mappjng

set of va he correspondence between application objects and processg data
objec

3.3.41
mediym
cable | optical fibre or other means by which communication signals are transmitted bgtween
two or more points

NOTE "media" is the plural of medium.

3.3.42
message
ordered series of octets intended to convey information

NOTE Normally used to convey information between peers at the application layer.

3.3.43

network

set of nodes connected by some type of communication medium, including any intervening
repeaters, bridges, routers and lower-layer gateways
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3.3.44
node
a) single DL-entity as it appears on one local link

b) end-point of a link in a network or a point at which two or more links meet [derived fro
61158-2]

3.3.45
object
abstract representation of a particular component within a device

NOTE An object can be

2) a co q that d

have clearly defined interface and behavior.

3.34
object dictionary

data dtructure addressed by Index and Sub-index tha
commlunication objects and application objects

3.3.47

process data

collection of application objects desigpiated to ke sferred cyclically or acyclically f
purpose of measurement and control %

3.3.48

process data object
struct

3.3.49
produ
node

3.3.50
resou
processi

3.3.51
segment

m IEC

llowing

hta that

bjects,

or the

collection’of ane real master with one or more slaves

3.3.52
server
object which provides services to another (client) object

3.3.53
service

operation or function than an object and/or object class performs upon request from another

object and/or object class

3.3.54
slave
DL-entity accessing the medium only after being initiated by the preceding slave or
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3.3.55
subindex
sub-address of an object within the object dictionary

3.3.56
sync manager
collection of control elements to coordinate access to concurrently used objects.

3.3.57
sync manager channel
single control elements to coordinate access to concurrently used objects.

3.3.5
switc
MAC bridge as defined in IEEE 802.1D

3.4 Gommon symbols and abbreviations

3.4.1 |(AL- Application layer (as a prefix)
3.4.2 |[ALE AL-entity (the local active insta
3.4.3 (AL AL-layer

3.4.4 |APDU AL-protocol-data
3.4.5 |ALM
3.4.6 |ALME
3.4.7 |ALMS
3.4.8 |ALS
3.4.9 |ALSDU
3.4.10 DL
3.4.11 FIFO
3.4.12 OSl
3.4.13
3.414

cal acfive instance of AL-management)

3.5 Add and abbreviations

3.5.1 |ASE Application service element

3.5.2 |AR Application relationship

3.5.3 LGAN ContrellerArea-Netweork

3.5.4 CiA CAN in Automation

3.5.5 CoE CANopen over Type 12 services

3.5.6 CSMA/CD Carrier sense multiple access with collision detection
3.5.7 DC Distributed clocks

3.5.8 DNS Domain name system (server for name resolution in IP networks)
3.5.9 E?PROM Electrically erasable programmable read only memory
3.5.10 EoE Ethernet tunneled over Type 12 services

3.5.11 ESC Type 12 slave controller

3.5.12 FCS Frame check sequence

3.5.13 FMMU Fieldbus memory management unit
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3.5.14 FoE File access with Type 12 services

3.5.15 HDR Header

3.5.16 ID Identifier

3.5.17 IETF Internet engineering rask force

3.5.18 IP Internet protocol

3.5.19 LAN Local area network

3.5.20 MAC Medium access control

3.5.21 OD Object dictionary

3.5.22 PDI Physical device internal interface (a set of e ts that pllows
access to DL services from the AL)

3.5.23 PDO Process data object

3.5.24 RAM Random access memory

3.5.25 Rx Receive

3.5.2¢ SDO Service data object

3.5.27 sii slave information interface

3.5.28 SM Synchronization manager

3.5.29 SoE

3.5.30 SyncM

3.5.31 TCP

3.5.32 Tx

3.5.33 UDP

3.5.34 VoE

3.5.35 WKC

3.6 C onventio@

3.6.1

The s
servic

3.6.2 |[Convention for the encoding of reserved bits and octets

1158-312 standard. The service specification defin
Type 12 DL. The mapping of these services to ISO/IEC

s the
8802-

The term—Teserved Tmay be USed 1o describe bits 1T octets or whote octets Aftbitsor

octets

that are reserved should be set to zero at the sending side and shall not be tested at the
receiving side except it is explicitly stated or if the reserved bits or octets are checked by a

state machine.

The term "reserved" may also be used to indicate that certain values within the range of a
parameter are reserved for future extensions. In this case the reserved values should not be
used at the sending side and shall not be tested at the receiving side except it is explicitly

stated or if the reserved values are check by a state machine.

3.6.3 Conventions for the common codings of specific field octets

APDUs may contain specific fields that carry information in a primitive and condensed way.

These fields shall be coded in the order according to Figure 1.
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msb Isb

Octet 7 6 5 4 3 2 Bit Identification

Bit 0
Bit 1
Bit 2

Bit 3

Bit 4

Bit 5

Bits n

above|
resered. The grouping of individual bits shall be in asee

for a
shall

group
with tH
EXAMH
Bit 0: rq
Bit 1-3:
Bit 4-7:
The oct
(msb) H
Bit 6 =
Bit 5 =
Bit 4 =
Bit 3 =
Bit 2 =
Bit 1 =
(Isb) Bi
This bif

3.6.4

Bit 6

Bit 7

Figure 1 — Common structure of specific fiefo

Alias names may be used for each bit or group

roup of bits may be represented as binary, dg decimal values. This
nly be valid for the grouped bits and can onl

L1 +

The
Table

I 4 <l HI pu | lo H 4l
UU olTuLuulrc dic UTOUITUTU Ao olTuUwWIT 11T 1S TAQAIl

1 4 l s lataal b
| = Oylllal\ CITITITTIO TTIdlTU U

1.

Frame part denotes the element that will be replaced by this reproduction.

Data field is the name of the elements.

Data Type denotes the type of the terminal symbol.

Value/Description contains the constant value or the meaning of the parameter.

its Bit
figure
ed as
alues
value
ts are
he bit

ple of
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Table 1 — PDU element description example

Frame part Data Field Data Type Value/Description
CANopen Header Number Unsigned9 0x00
Reserved Unsigned3 0x00
Service Unsigned4 0x02: SDO Request
SDO Size Indicator Unsigned1 0x00: size of Data (1..4) unspecified
0x01: size of Data in Data Set Size specified
Transfer Type Unsigned1 0x01: Expedited transfer
Data SersSize onsignedz OX00T 4 Octer Data
0x01: 3 Octet Data
0x02: 2 Octet Data
0x03: 1 Octet Data x
Complete Unsigned1 0x00 <\\\ >
Access
Command Unsigned3 0x01: I@qu%t
Specifier

The ipformational attribute types are descnbed
shown in Figure 2. BYTE and WORD 3

The a

Subin

Descr

Data T

typedef struct

Unsigneds8
Unsigned8
Unsignedlé
Unsignedg8
Un51gned.

ype’denotes the type of this element.

u

guage wotations (ISO/IEC 98
r@ned har and unsigned s

9) as
ort.

M/O/C indicates whether the attribute is mandatory (M), optional (O) or depends upon setting
of other attributes (C).

Access type shows the access right to this element. R means read access right, W means
write access right. It can be extended showing the AL state where the access right applies.

PDO Mapping denotes the possibility to map this attribute to TxPDO or RxPDO or to indicate

that this parameter is not mappable.

Value contains the constant value and/or the meaning of the parameter.
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Table 2 — Example attribute description

Sub- Description Data type M/O/C Access PDO Value
Index Mapping
0 Number of entries UNSIGNEDS8 M No 4
1 Vendor ID UNSIGNED32 M No Assigned uniquely by ETG
2 Product Code UNSIGNED32 M No Assigned uniquely by
Vendor
3 Revision Number UNSIGNED32 M R No Assigned uniquely by
Vendor
Bit 015, MinorRevision
the devite
f'Revigqion
(B'f\ vice
3.6.5 |State machine conventions
The pfotocol sequences are described by means of State
In sta re shown as afrows.
Name names in the fextual
listing
The tq see also Table 3.
The fi
The s
The third row contains, an Conditions starting with a “/” as first line
chpracter and finall arting with a “=>" as first line character

If the

The Igst row con<§ '
event occu 4

execufted and the p®
The 12 ption is shown in Table 3. The meaning of the elements of a
State
Table 3 — State machine description elements
Event
# | | CGurrent /Condition Next
state state

=> Action
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Table 4 — Description of state machine elements

Description element Meaning

Current state

Name of the given states.

Next state
# Name or number of the state transition.
Event Name or description of the event.
/Condition Boolean expression. The preceding “\” is not part of the condition.
=> Action Lis*thof asfgignments and service or function invocations. The preceding “=>" is not part
The cpnventions used in the state machines are shown in Table 5.
Table 5 — Conventions used in state meohin\s
Conpyention Meaning/\ \\ \
= Value of an item on the left is replaced by valu \wgr;{ rﬁh\\@:htem on the ffight is
a parameter, it comes from the primitive showy/a:mt nt.
axx A parameter name if a is a letter.
Example:
Identifier = reason
means value of a 'reas parame S|gne a parameter called 'ldentifier.’
"xxx" Indicates fixed visible string.
Example:
Identifi
"ab " is SSIg ed parameter named 'ldentifier.’
nnn {\;2 ?kts are{\\é\\\ﬁs\r?}esents a numerical constant shown in decimal
repre
Oxnn if all ments n \Nq,e/tem represents a numerical constant shown in hexadecinpal
reg/eig atiom
== N&g{ca}‘;o itio& Mte an item on the left is equal to an item on the right.
< A Imc}quit}m\t/}indicate an item on the left is less than the item on the right.
> < \\IMCW ition to indicate an item on the left is greater than the item on the right.
1= A*ogi&kl Mtion to indicate an item on the left is not equal to an item on the right.
&8 Logical YAND"
[l Logical "OR"
! togicat-“ NOT
+-*] Arithmetic operators

Separator of expressions

Readers are strongly recommended to refer to the subclauses for the attribute definitions, the
local functions and the FDL-PDU definitions to understand protocol machines. It is assumed
that readers have sufficient knowledge of these definitions and they are used without further

explanations.

Further constructs as defined in C language notation (ISO/IEC 9899) can be used to describe
conditions and actions.
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4 Application layer protocol specification

4.1

Operating principle

Type 12 is a Real Time Ethernet technology that aims to maximize the utilization of the full
duplex Ethernet bandwidth. Medium access control employs the master/slave principle, where
the master node (typically the control system) sends the Ethernet frames to the slave nodes,

which

extract data from and insert data into these frames.

From an Ethernet point of view, a Type 12 segment is a single Ethernet device, which receives
and sends standard ISO/IEC 8802-3 Ethernet frames. However, this Ethernet device is not

limite

devicq
first sl

This {
opera
Type

transn
where

trigge
but th

a peri
Proce

The ti

4.2
4.2.1

Type

processi

OSI
be de
top to
the in
layer

Applig

snce model
ystems Interconnection — Basic Reference Model (OSI

] g 51" stack, and some functions for the users of the stack. Functi
ermediate ayers, layers 3 — 6, are consolidated into either the Type 12 Dat
br the<Type 427Application layer. Likewise, features common to users of the Fi¢
ation-Layer may be provided by the Type 12 Application layer to simplify user ope

st of a
ct the
slave
by the

NS are
and a

ntities,
sually
riven,
red by

times.
pports

ples, methodology and model of ISO/IEC 7498 Inforgation

. The
s can
y from
bns of
a Link
eldbus
ration,

as noted.in Figure 3.
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Application

CANopen over EtherCAT /

Object Dictionary |

AL il Access ::E
oover i

C
kel
! EtherCAT 1! T
i EnerCAT L ™ Eihemet | SDO PDO Mapping g
oo over EtherCAT ! 5 2
1T 1T =
T T 3T = E
Mailbox Process Data /X‘L(:’;"" V Sys';m 3
i 8]
oL T
DL Slave /\ aye
Info Address anagement

DL ControlN]
EtherCAT Data Link Layer | DL&atis. NN
I S O
Physi
ysical Layer /\( O .\
N\

Figure 3 -

4.2.2 Data Link Layer features

The data link layer provide sie_tin aI sypport for data communications among
i de

devicgs. The term “time-critica ribg_dpplications having a time-window, |within

which|one or more spesified equired fo be completed with some defined Igvel of
certainty. Failure to compléte ifi actions within the time window risks failure pf the
applicptions req ing 3 attendant risk to equipment, plant and possibly human
life.

The dpta link laye 0 comipute, compare and generate the frame check sequence
and provide cg cat xtfacting data from and/or including data into the Ethernet
frame| This (s done de on the data link layer parameters which are stored gt pre-
defingd ocatons. The application data is made available to the application Igyer in
physidal<dnems i mailbox configuration or within the process data section.
Additipnally, senre 3 structures in the Data Link layer will be used to allow a coordination of
the interaction between master and slave such as AL Control, Status and Event and Sync
mana%er settings.

4.2.3 Application Layer structure
The Application Layer consists of the following elements.

e Areal time entity (mandatory)
¢ An entity that deals with TCP/UDP/IP and related protocols (optional)
e A file access utility (optional)

e A Management unit (mandatory)

The Application Layer uses the services provided by the Type 12 Data Link Layer to convey the
Application Layer service data.
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5 FAL syntax description

5.1 Coding principles

Application layer uses DL objects as defined in IEC 61158-5-12.

5.2 Data types and encoding rules
5.21 General description of data types and encoding rules
The format of this data and its meaning have to be known by the producer and consumer(s) to

be abje—to—exchanrge—meaning data—Hhis—specifieation—models—this
types.

The e
the re
seque
showr

The d
for th
specif
within
5.2.2
a) Th

sir
b) If

TR

5.2.3 |[Encoding of a

a) THe encodin
b) The ContentsOC

Figure 4. /\

bits <7\{\\\\\\]\> | 4 3 | 2 | 1 ] o
cct&
1 \0\ 0 0 227 226 225 224 number of
2 528 No?2 21 220 519 18 17 ,16 |Miliseconds
3 15 14 13 12 11 10 9 8 since
2 2 2 2 2 2 2 2 midnight
4 27 26 25 24 23 22 21 20
5 215 214 213 212 211 210 29 28 number of
days since
6 27 26 25 24 23 22 21 20 01.01.84
only with
date
indication
msb

Figure 4 — Encoding of Time Of Day value
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5.2.4 Encoding of a Time Difference with and without date indication value
a) The encoding of a Time Difference with and without date indication value shall be primitive.

b) The ContentsOctets shall be equal in value to the octets in the data value, as shown in
Figure 5.

bits 7 | 6 | 5 | 4 3 | 2 | 1 | 0
octets
1 231 230 229 228 227 226 225 224
2 4')'1 ")') 491 4')(\ 410 L1Q 417 41R TTitseTods
3 215 214 213
5 215 214 213
msb

5.2.5 Transfer syntax for bit sequ

For transmission a bit sequence is reo
is usefd for octets as specified in ISO/IEC
non-negative integer such that 8(k - 1)

showr] in Table 6. The bits pj, i

tation
te ka

led as

Octet [1 is transmitted f
as follows across the
8802-B):

ferred
O/IEC

b7, b6, ..., bos

— Transfer Syntax for bit sequences

Q \ct&@@nbe\ 1. 2. k.
A \ b7 .. bo b1s .. bg bgk —1 .. bsk -8
EXAMHALE \)

Bit 9 Bit 0
10b 0001b  1100b
0x2 0x1 0xC

= 0x21C

The bit sequence b = bg .. bg = 0011 1000 01, represents an Unsigned10 with the value 0x21C and is transferred in
two octets: First 0x1C and then 0x02.


https://iecnorm.com/api/?name=2c99acfd1d99de16911f5812b820c971

- 28 - 61158-6-12 © IEC:2007(E)

5.2.6 Encoding of a Unsigned Integer value

Data of basic data type Unsignedn has values in the non-negative integers. The value range is
0, ..., 2-1. The data is represented as bit sequences of length n. The bit sequence

b= bO ...bn_‘]
is assigned the value

Unsignedn(b) = bp-1x2"-1+ .+ bqx21 + pgx20

The bjt sequence starts on the left with the least significant byte (Octet).

NOTE: Example: The value 266 = 0x10A with data type Unsigned16 is transferred inAwe ts, Ti ( hd then
0x01.

The Unsignedn data types are transferred as specified in T \Jnsight > es as
Unsighed1 to Unsigned7 and Unsigned 9 to Unsigned15 will . he Wsed totgyin thi e next

elemelnt will start at the first free bit position as denoted in 3.6.3

ocfet number 1. 2. 3.

Unsigneds b7..bo \

Unsigned16 | b7..bg |b15..bg /X

Unsigned32 | b7.bg |b1s..bg b23..t&6

Unsigned64 b7..bg l(@-%s\% b\3\x324\\/ 39--b32 | ba7..b40 |bs5..bag |be3..bEe

5.2.7

Data
2n-1_4

is ass

ntegern(b) = bp.2x2M-2 + .+ bqx21 + pgx20 if b1 =0

and, performing two's complement arithmetic,
Integern(b) = - Integern(*b) - 1 if bp-1 =1

Note that the bit sequence starts on the left with the least significant bit.

Example: The value —266 = OxFEF6 with data type Integer16 is transferred in two octets, first 0xF6 and then OxFE.

The Integern data types are transferred as specified in Table 8. Integer data types as Integer1
to Integer7 and Integer9 to Integer15 will be used too. In this case the next element will start at
the first free bit position as denoted in 3.6.3.
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Table 8 — Transfer syntax for data type Integern

octet number 1. 2, 3. 4. 5. 6. 7. 8.

Integer8 b7..bg

Integer16 b7..bg |bqs..bg

Integer32 b7..bg |bqs..bg [b23..b1s |b31..b24

Integer64 b7..bg |bqs..bg [b23..b1e |b3q..b24 |b3g..b32 |[bg7..bgp [bss..bgg |be3..bse
5.2.8 e

2 ::= OCTET STRING SIZE (4) -- IEC 60559 Single preci

4 ::= OCTET STRING SIZE (8) -- IEC 60559 Double pre

5.2.9 |[Encoding of a Visible String value
a) The encoding of a variable length VisibleString value sha
b) There is no Length field and no termination symbol; the

Encoding of a Unicode String

e encoding of a variable length Uni

Contentsoitets
5.2.11 Encoding an
a) The encoding p etString value shall be primitive.

b) There is ng 3 ield; tt is encoded implicitly.

c) The ets shalbe’a sequence of octets. The leftmost string element is en
in theAfirs followed by second octet, followed by each octet in turn up to and ing
the la

5.3 |AR coding

5.3.1 AL’Control Request (Indication)

coded
o and

ed by
ost of

coded
luding

The attribute types of AL Control Request are described in Figure 6.

typedef struct

unsigned State: 4;
unsigned Acknowledge: 1;
unsigned Reserved: 3;
unsigned ApplSpecific: 8

} TALCONTROL;

Figure 6 — AL Control Request structure

The AL Control Request is mapped to a DL write service to the DL-user control register

object

and R2 as specified in IEC 61158-3-12. The AL Control Request coding is specified in Table 9.
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Table 9 — AL Control Description

Parameter DL-user Data Type Value
Register

State R1 Unsigned4 1: Init

2: Pre-Operational
3: Bootstrap

4. Safe-Operational
8

: Operational

Acknowledge R1 Unsigned1 0: Parameter Change of the AL Status
Register will be unchanged

1: Parameter Change of the AL Status
Register will be reset ~

Reservgd R1 Unsigned3 Shall be zero /\ \\

Application Specific R2 Unsigned8

5.3.2 AL Control Response (Confirmation)

The AL Control Response is mapped to a DL read s
and register R4, R5 and R6 as specified in IEC
Respgnse are described in Figure 7.

object
ontrol

typedef struct

unsigned

unsigned

unsigned

unsigned

unsigned

unsigned
} TALSTAT

The AL Control Re;

VAN

0 — AL Control Response

Raramete -us\e{/ Data Type Value
z\ \ Reyister

State 2\ W Unsigned4 1: Init

2: Pre-Operational
3: Bootstrap
4: Safe-Operational
8: Operational
Change R3 Unsigned1 0: State transition successful
1: State transition not successful
Reserved R3 Unsigned3
Application Specific R4 Unsigned8
Reserved R5 Unsigned16

Application Specific R6 Unsigned16 See Table 11
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Table 11 — AL Status Codes

Code Description Current state Resulting state
(or state change)
0x0000 No error Any Current state
0x0001 Unspecified error Any Any + E
0x0011 Invalid requested state change |->8§,1->0,P->0 Current state + E
O0->B,S->B,P->B
0x0012 Unknown requested state Current state + E
0x0013 Bootstrap not supported |->B |+ E
0x00] 4 No valid firmware |->P BN
0x005 Invalid mailbox configuration |->B /N +E
0x00(6 Invalid mailbox configuration |->P ( | +E\ \
0x0017 Invalid sync manager configuration P->S,S->0 /\ C}vient\skaME
0x00§8 No valid inputs available 0,8, P->5. \\ b\+ E
0x00§9 No valid outputs 0,8 -> o\ \ \ s +>E
0x00fA Synchronization error O/S/> (6] \ ) S+E
0x001B Sync manager watchdog —Q\S } / ~ \ S+E
0x00fC Invalid Sync Manager Types /\ A O>S, P(—> é\} \) S+E
0x00§D Invalid Output Configuration o\g, P s / S+E
0x00J E Invalid Input Configuration /A \Q\,S, -> 8 P+E
0x00}F Invalid Watchdog\COnfiguratior\\ Q\ h\ P2 S P+E
0x0020 Slave needs c@ sﬁ!{( \\) W Current state + E
0x00p1 Slave needSNNIT O\ B, P, S, 0 Current state + E
0x00p2 Slaveneeds PREOP, N |so S+E, 0+E
0x003 Slave péeds SAFEOR, N o O+E
0x00pD |nva|'/(yé\pu MWCWMn 0,8, P->S S+E
0x00RE Invalld Inbut RMMUConfigurtion 0,8,P->S P+E
0x000 Invali.DC SYNCH, Copfiguration 0,S S+E
0x00 1( | aIWLat}Q Configuration 0,s S+E
0x00$2 PLRE; N\ 0.s S+E
0x0083 [nvatid DCAO Error 0O, S S+E
0x00p4 Invalid DC Timeout Error 0, S S+E
0x0042 MBX—ECE BP56 Surrent-state—+E
0x0043 MBX_COE B,P,S, O Current state + E
0x0044 MBX_FOE B,P,S, O Current state + E
0x0045 MBX_SOE B,P,S, 0O Current state + E
0x004F MBX_VOE B,P,S, 0O Current state + E
other codes | reserved
< 0x8000
0x8000 — Vendor specific
OxFFFF
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5.3.3 AL State Changed

The AL State Changed is mapped to a DL read service to the AL Status and AL Status Code
object. The attribute types of AL State Changed are described in Figure 8.

typedef struct

unsigned State: 4,;
unsigned Change: 1;
unsigned Reservedl: 3;
unsigned ApplSpecific: 8;
unsigned Reserved2: 16;
unsigned AlStatusCode: 16;

} TALSTATUSE;

Figure 8 — AL State Changed structure

The AL State Changed coding is specified in Table 12.

Table 12 — AL State Changed(\x

State R3 Unsigned4

Rarameter DL-user Data Type I\
Register

Changd R3 Unsigr‘(§\§
Reserved R3 Unsigngd3 \
Application Specific Rf‘r \ (Unsig}aq\
Reserved

AL Stafus Code

5.3.4

AL AR ces.

The a

PDIType: 8;
un51gned StrictALControl: 1;
unsigned Reserved: 7;

} TPDICONTROL:

Figure 9 — PDI Control type description

The PDI Control coding is specified in Table 13. PDI Control will be loaded from SlI at start-up.
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Table 13 — PDI Control

Parameter DL-user Data Type Access DL Access Value/Description
Register local
PDI Type R7 Unsigned8 R R Type specific (see IEC
61158-3-12 DL
information parameter)
Strict AL Control Copy Unsigned1 R R 0x00: AL Management will

be done by an application
Controller

0x01: AL Management will
be emulated (AL status

follows directly AL
COF(&:N

The PPDI Configuration coding is controller specific as shown in Tabl

Table 14 — PDI Configura@ \

up.

d st by Sllhaf start-

N
Parameter DL-user Data Type Accesgs DL c s Value/Descriptign
Register m cal
Applicgtion Specific R8 unsigned8 (ﬁ\\// \\

The attribute types of Sync Configuration

The Slync Configuratio

SllI at start-u

unsigned
unsigned

PR RPN

is specified in Table 15. Sync Configuration will be loaded from

Table 15 — Sync Configuration

Parameter DL-user Data Type Access DL Access Value/Descriptign
register local

Signal |Cenditioning R8 unsigned2 R R Controller specific

Sync0

Enable Signal Sync0 R8 unsigned1 R R 0x00: disable
0x01: enable

Enable Interrupt SyncO R8 unsigned1 R R 0x00: disable
0x01: enable

Signal Conditioning R8 unsigned2 R R Controller specific

Sync1

Enable Signal Sync1 R8 unsigned1 R R 0x00: disable
0x01: enable

Enable Interrupt Sync1 R8 unsigned1 R R 0x00: disable
0x01: enable
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The Slave Information Interface Area coding is specified in Table 16 and Table 17. Address
means a word address (e.g. 0 is first word, 1 is second word).

Table 16 — Slave Information Interface Area

Parameter Address Data Type Value/Description

PDI Control 0x0000 Unsigned16 Initialization value for PDI Control register (0x140-
0x141)

PDI Configuration 0x0001 Unsigned16 Initialization value for PDI Configuration register
(OXT50-0X15T)

SyncinpulselLen 0x0002 Unsigned16 Sync Impulse in multiples of 1

PDI Cgnfiguration2 0x0003 Unsigned16 Initialization value for PD onflg ration'register [R8
most significant word ( x15

Configlired Station Alias 0x0004 Unsigned16 Alias Address

Resenfed 0x0005 BYTE[4] Shall be zero \ \ \ )

Checkgum 0x0007 Unsigned16 low byte cortains i ivisi to
word 6 a bmial
xA8+x)2+x+1

Vendof ID 0x0008 Unsigned32 CAI\(-Obj ot omo\%\, Subidex 1

Produdt Code 0X000A Unsigned32 @A\%/t 0m18,§1}bindex 2

Revisign Number 0x000C Un&gne 2 CAﬁ\-Obje‘q Ox\l'dﬂ%\éubindex 3

Serial Number 0X000E Unsigned32 \| "SAN-Gject 0x408, Subindex 4

Execuffjon Delay 0x0010 Unsjgned rrection\{actor for line Delay in 100ps to be added
if this s th€ last station

Port0 Delay 0 011\( IntegeN 6 )C regtion factor for line Delay in 100ps to be added

N if mdster is behind Port 0

Port1 Delay 0x teger16 ‘C{)rrection factor for line Delay in 100ps to be added
if master is behind Port 1

Reserjed N 0013\ | BYTER) Shall be zero

Bootstfap Receive 0xQ01 Mdm Receive Mailbox Offset for Bootstrap state (masfer to

Mailbok Offset (\ slave)

Bootstfap Recei 0x8015 Unsigned16 Receive Mailbox Size for Bootstrap state (mastef to

Mailbok Size slave)

Bootstrap Se ilb ¥ 0xQ016 Unsigned16 Send Mailbox Offset for Bootstrap state (slave tg

Offset master)

N

Bootstfap Send itbox 0x0017 Unsigned16 Send Mailbox Size for Bootstrap state (slave to

Size master)

Standdrd Receive 0x0018 Unsigned16 Receive Mailbox Offset for Standard state (mastér to

Mailbok Offset slave)

Standard Receive 0x0019 Unsigned16 Receive Mailbox Size for Standard state (master to

Mailbox Size slave)

Standard Send Mailbox 0x001A Unsigned16 Send Mailbox Offset for Standard state (slave to

Offset master)

Standard Send Mailbox 0x001B Unsigned16 Send Mailbox Size for Standard state (slave to

Size master)

Mailbox Protocol 0x001C Unsigned16 Mailbox Protocols Supported as defined in Table 18

Reserved 0x001D BYTE[6] Shall be zero

Port0 Tx Delay 0x0020 Unsigned16 Correction factor for line Delay for Transmit Time

Port1 Tx Delay 0x0021 Unsigned16 Correction factor for line Delay for Transmit Time

Port2 Tx Delay 0x0022 Unsigned16 Correction factor for line Delay for Transmit Time

Port3 Tx Delay 0x0023 Unsigned16 Correction factor for line Delay for Transmit Time
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Parameter Address Data Type Value/Description
Port0 Rx Delay 0x0024 Unsigned16 Correction factor for line Delay for Receive Time
Port1 Rx Delay 0x0025 Unsigned16 Correction factor for line Delay for Receive Time
Port2 Rx Delay 0x0026 Unsigned16 Correction factor for line Delay for Receive Time
Port3 Rx Delay 0x0027 Unsigned16 Correction factor for line Delay for Receive Time
Forward Port 0 to next 0x0028 Unsigned16 Correction factor between receipt on PhL on Port 0 to
Port send on PhL on next Port
Forward non-Port 0 to 0x0029 Unsigned16 Correction factor between receipt on PhL on non-Port
next Port 0 to send on PhL on next Port
Additive-forward-time Ox002A Unsigrodl6 Additive-correctionfactorbeotweenortand-rextbut
closed|Port one Port /N0
Reserved 0x002B BYTE[38] Shall be zero A
Size 0X003E Unsigned16 | size of EZPROM in KBit/‘(\\ \\
Versio 0x003F Unsigned16 This Version is 1

\ \>
Table 17 — Slave Information Interfa/e\}& \

Parameter Address Data Type / ~ \ /Des |pt|on

First Chtegory Header 0x0040 Unsigned15 Pa{e\g )T/pe/@s a\akned\“r(Table 19
0x0040 Unsighedt [ Vendor Sfecific )
0x0041 Uns};Qed}s\ Fon&«ing B@gor}/Word Size x

First Chtegory Data 0x0042 Category Category Data

dep nder?i-\

Secong Category Ox + sigped BCate oMype as defined in Table 19
Heade X
N
00}2\ N&K | Vehdor Specific
X
<> 2x\0043< UHW Following Category Word Size
Second Category Dat 0xXQ04 4t ry Category Data
2/\ X de endent
\ Continuation of the scheme until last category
able 18 — Mailbox Protocols Supported Types
Protocol Value Description

EoE 0x0002 Ethernet over Type 12 (tunnelling of Data Link services)
CoE Ox0004 f‘anﬂrr_\nn over T\len 1’)(9(\:\::9: to an)
FoE 0x0008 File Service over Type 12
SoE 0x0010 Servo Profile over Type 12
VoE 0x0020 Vendor specific protocol
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Table 19 — Categories Types

Protocol Value Description

NOP 00 No info
STRINGS 10 String repository for other Categories structure of this category data

see Table 20
DataTypes 20 Data Types for future use
General 30 General information structure of this category data see Table 21
FMMU 40 FMMUs to be used structure of this category data see Table 22
SyncM 41 Sync Manager Configuration structure of this category data see Table

23
TXPD( 50 TxPDO description structure of this categoryfk{ta seeNle 24
RXPD 51 RxPDO description structure of this cate/gx\g@a‘ta %Nabk%4
DC 60 Distributed Clock for future use \ \ \ D
End Oxffff

Table 20 — Structure Cat %@
Plarameter Byte Address Data Typ}\ K \VMescrlptlon
nStrings 0x0000 igne ;d& > I\ijléehof‘\s}ngs
str1_Ign 0x0001 \LnSI &8\ Length Stp)ng1
str_1 0x0002 22% \irinm Data
[str1 en]

str2_lgn 0x0002%str1_| \Nn3| ed %gth String2
str_2 0x0008+strillen %%E:) )\/ String2 Data

N
strn_Ign Ox&)Oz \L(\MdS Length Stringn
str_n <}€}<\\/\WE Stringn Data

[strn_len]

PAD_Byte \\ BYTE Padding if Category length is odd
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Table 21 — Structure Category General

Parameter Byte Data Type Value/Description
Addres
s
Groupldx 0x0000 Unsigned8 Group Information (Vendor specific) - Index to STRINGS
Imgldx 0x0001 Unsigned8 Image Name (Vendor specific) - Index to STRINGS
Orderldx 0x0002 Unsigned8 Device Order Number (Vendor specific) - Index to
STRINGS
Nameldx 0x0003 Unsigned8 Device Name Information (Vendor specific) - Index to
STRINGS
Physicpl Layer Port 0 0x0004 Unsigned2 0: E-Bus
1: 100BASE-TX
2: 100BASE-FX A\ Q\
Physichl Layer Port 1 0x0004 Unsigned2 0: E-Bus \/
1: 100BASE-TX \s
2: 100BASE-FX N
Physicpl Layer Port 2 0x0004 Unsigned2 0: E-Bus \ \/
1: 100BASE-T
Physichl Layer Port 3 | 0x0004 Unsigneﬁ
CoE Details 0x0005 Unsigned 0:
K Enable SDO Info
\(\ it 2: Efable PDO Assign
E 3: Enable PDO Configuration
< it 4: Enable Upload at startup
/\ N Bit 5: Enable SDO complete acces
FoE Détails 0\@06 nsigne>8 Bit 0: Enable Foe
EoE Dgtails 0%000%. \Unsigneds | Bit 0: Enable EoE
SoEChannels %OBQ8 \})%signed8 reserved
Ds402bhannels. \ \n0x000%\ | Unsigneds | reserved
SysmanClass o \‘Q(M Unsigned8 reserved
Flags 0x000b Unsigned8 Bit 0: Enable SafeOp
Bit 1: Enable notLRW
CurrentorEBus %0006 Sigredl6 EBus-Currert-ConstinpHon—H—ris
negative Values means feeding in current
PAD_Byte 0x000b BYTE[18] reserved
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Table 22 — Structure Category FMMU

Parameter Byte Data Type Value/Description
Address
FMMUO 0x0000 Unsigned8 0: FMMUO not used
1: FMMUOQ used for Outputs
2: FMMUQ used for Inputs
3: FMMUQO used for SyncM Status(Read Mailbox)
FMMU1 0x0001 Unsigned8 0: FMMU1 not used
1: FMMU1 used for Outputs
2: FMMU1 used for Inputs
3: FMMU1 used for Synm Mailbox)
continued if more thﬂ\QAML\\éck
Y%
Table 23 — Structure Category SyncM fo e@gﬁu&
AN
Parameter Byte Address Data Type Mel\KécKip)}on
Physichl Start Address | 0x0000 WORD (Jyﬁgiwoa%(\s}a@| Start Address of
nc
Length 0x0002 WQRD X\/ / (\ \>
Contro| Register 0x0004 &Q\‘\é\ efine Moh"e/of peration (see Control Regigter
ync
Status|Register 0x0005 \@n’hx{re
Activate 0x0096\ l\ns.g e&\ “EqablpSynchM
PDI CRL 0x0f07 S | \dor't care
Ta®4§:§m\%XPDO and RXPDO for each PDO
Parameter Value/Description
PDO Idex ooo \\u@&nedm For RxPDO: 0x1600 to 17FF,
/\ For TxPDO: 0x1A00 to 1BFF
nEntry \Ox 002 Unsigned8 Number of Entries
SyncM \ \ \ 0x0®3 Unsigned8 Related Sync Manager
Synchronization OMM Unsigned8 Reference to DC Synch
Namelfix 0x0005 Unsigned8 Name of the Object - Index to STRINGS
Flags 0x0006 WORD for future use
Entry UXx0008 8B BYTES TEpeated for each entry as defined m lable 25
Entry nEntry nEntry*8 8 BYTES repeated for each entry as defined in Table 25
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Table 25 — Structure PDO Entry

Parameter Offset Data Type Value/Description
within
entry
structure
Entry Index 0x0000 Unsigned16 Index of the entry
Subindex 0x0002 Unsigned8 Subindex
Entry Name ldx 0x0003 Unsigned8 Name of the Entry - Index to STRINGS
Data Type 0x0004 Unsigned8 Data Type of the entry (Index in CoE Object
Dictionary)
BitLen 0x0005 Unsigned8 Data Length of the entry /\
Flags 0x0006 WORD for future use A L

5.5 |Isochronous PDI coding

The aftribute types of Distributed Clock sync and latch are des

typedef struct

BYTE Reservedl;
unsigned CyclicOperationEnable:
unsigned

unsigned SYNC1Ae
unsigned Resered2?®
WORD SYNCPu
BYTE Reserved

unsigned InterrpptlStath

unsigned Reserv
pt2siiirz
QraratiensStar

unsigned
unsigned

ime;

Reseryed6: 14;
Resefved7 [4] ;
atchOPosEvnt:
PatchONegEvnt:
Reserved8:
LatchlPosEvnt:
LatchlNegEvnt:
Reserved9:
LatchOPosEdgeValue;
Reserveda (4] ;
LatchONegEdgeValue;
Reservedb[4] ;
LatchlPosEdgeValue;
Reservedc [4] ;
LatchlNegEdgeValue;
BYTE Reservedd [4];
} TDCISOCHRON;

Figure 11 — Distributed Clock sync and latch type description

The Distributed Clock sync parameter encoding is described in Table 26. The parameters are
mapped to DL DC user parameter P1 to P6. The events SYNCO and SYNC1 are mapped to the
DL events.
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Table 26 — Distributed Clock sync parameter

Parameter DC user Data Type Access Access Value/Description
parameter Type Type
Type 12 PDI
DL
Cyclic Operation P1 Unsigned1 RW R 0: disabled
Enable
1: enabled
SYNCO activate P1 Unsigned1 RW R 0: deactivated
1: SCNCO pulse
generated
SYNC1 activate P1 Unsigned1 RwW R

SYNC Pulse P2 Unsigned16 R R
Interrupt 0 Status P3 Unsigned1 R R<\ OW
k&a ive
AN

Reserved P3 Unsigned7 R q R \ >
Interrupt 1 Status P3 Unsigned1 R ( h }na/active

O - active

N\ A
Resenfed P3 Unsigned7  WR \™ / PR >
i R

\\I{ The interrupt generafion
will start when the loyer

Cyclic Pperation P4 Unsigne

Start Tjme
32 bits of the system|time
will reach this value (in

(\ ns)

SYNC{] Cycle Time | P5 < ’Mﬁg )Rv‘\( > R Cycle time of SYNCO

SYNC] Cycle Time | PN N pworm) RW R Cycle time of SYNC1

The Dijistributed (@k h data_en di\n&:scribed in Table 27.
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Table 27 — Distributed Clock latch data

Parameter DC user Data Type Access Access Value/Description
parameter Type Type
Type 12 PDI
DL
LatchO positive Edge P7 Unsigned1 RW R 0: continuous
1: single
LatchO negative Edge P7 Unsigned1 RW R 0: continuous
1: single
Reserved D7 ||neignnrlR =] =]
Latch1|positive Edge P7 Unsigned1 RwW R
Latch1|negative Edge P7 Unsigned1 RwW R
Reserved P7 Unsigned6 R R\
LatchO|positive Event P8 Unsigned1 RW R\X\w}ent
\ Evént stored
LatchO|negative Event P8 Unsigned1 RW R \}l)no Event
(\ 1: Event stored
Y
ReserVed P8 Uné@n&g R < \ \R/ )\/
Latch1|positive Event P8 Unsigned1 W \R/ 0: no Event
~ 1: Event stored
Latch1|negative Event P8 nsi ned\\BRW R 0: no Event
<\( 1: Event stored
Reseryed FfS un 'gne\‘ﬁ\ \_B/ R
Latch { positive Ed D oh9\> R R Latch0 Value positive
Value Event
Latch () negative Edge P \ WQBB R R LatchO Value negative
Value /\ Event
Latch 1 positive Edge 1 \DWORD R R Latch1 Value positivg
Value Event
Latch 1 negative\Edg %1 DWORD R R Latch1 Value negativie
Value % Event

2o
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5.6 CoE coding
5.6.1 PDU structure

The general attribute types of CoE are described in Figure 12.

typedef struct

unsigned NumberLo: 8;
unsigned NumberHi : 1;
unsigned Reserved: 3;
unsigned Service: 4;
} TCOEHEADER;
. Aot . .
P =
TMBXHEADER MbxHeader;
TCOEHEADER CoeHeader;
BYTE Data [MBX_DATA_SIZE—2] ;
} TCOPMBX;

Figure 12 — CoE general structur

The CloE coding is specified in Table 28.

Table 28 — CoE elf{e—nt\
D)

Hrame part Data Field Data Type (\\// /\ MelDescription

Mailboy Header Length @ON{ < N\ @engt of t‘he)\/lqﬂbé( Service Data

Address WORD Station ress of the source, if a master is glient,
Statten Address of the destination, if a slave is
ent

AN
Chanpe‘i\ U\\sigr}e\dG\\ No\(rf{eserved for future)
ed2

Priori )@«fo: lowest priority
\ 0x03: highest priority

ned4 0x03: CoE

(\ Cnt \\/\ bwrs/gned3 Counter of the mailbox services (0 ist start vajue,

next value after 7 is 1)

/\ Rgsérxed Unsigned1 0x00

CANopgn H adé\ Qlu}i\ber\/ Unsigned9 Depending on the CANopen service
& \ \\Qese&ed Unsigned3 0x00
Service Unsigned4 0x01: Emergency

0x02: SDO Request
0x03: SDO Response

x4 —TFxPBS
0x05: RxPDO
0x06: TxPDO remote request
0x07: RxPDO remote request

0x08: SDO Information
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5.6.2 SDO
5.6.2.1 SDO Download Expedited
5.6.2.1.1 SDO Download Expedited Request

The attribute types of SDO Download Expedited Request are described in Figure 13.

typedef struct

unsigned SizeIndicator: 1;
unsigned TransferType: 1;
unsigned DataSetSize: 2;
unsigned CompleteAccess: 1;
unsigned Command : 3;
BYTE IndexLo;

BYTE IndexHi;

BYTE SubIndex;

} TINITSDOHEADER;

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TINITSDOHEADER SdoHeader;
BYTE Datal4];

} TINITSDODOWNLOADEXPREQMBX ;

Figure 13 — SDO Download Expedi

The S
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Table 29 — SDO Download Expedited Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority

0x03: highest priority

Type Unsignedé 0x03: CoE (

Reserved Unsigned4 0x00 /\Q ) (\

CANopgn Header Number Unsigned9 0x00 \ \ \ >

Reserved Unsigned3 0x00 ( \ \

Service Unsignedé 0x02: SWq\{estx\

N\
SDo Size Indicator Unsigned1 0xo}_sjz\}ef\ow B@éﬁet/éize specified

Transfer Type Unsigned1 9%)1: Exp&(e}‘ﬁq]sfe%

Data Set Size Unsigned2

Complete nsig Wtry addressed with index and subindex will
Acces ?;; nloaded

01: complete object will be uploaded, subipdex

shall be zero (subindex 0 included) or one
\ (subindex 0 excluded)

Index” NN WORD Index of the Object

Complete Access = 0x01

Command nw 0x01: Download Request
§\p cifier
<\

BYTE[4] Data of the Object

S indg\\\//éYTE Subindex of the Object, shall be zero or one |if

5.6.2.1.2 wnload Expedited Response

The aftribate‘types of SDO Download Expedited Response are described in Figure 14.

tyvpedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TINITSDOHEADER SdoHeader;

} TINITSDODOWNLOADEXPRESMBX;

Figure 14 — SDO Download Expedited Response structure

The SDO Download Expedited Response coding is specified in Table 30.
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Table 30 — SDO Download Expedited Response

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority

0x03: highest priority

Type Unsignedé 0x03: CoE (
Reserved Unsigned4 0x00 /\Q (\
CANopgn Header Number Unsigned9 0x00 \ \ >

Reserved Unsigned3 0x00

Service Unsigned4 0x03: SW&ON&

SDo Size Indicator Unsigned1 0x00 NG )

Transfer Type Unsigned1 gﬁ)o \ \

Data Set Size Unsigned2 &kxoé/ A \

Complete nsigned ; addresged with index and subindex will
Access

e object will be uploaded, subipdex
(subindex 0 included) or one

Comma U ign% Oé:/Download Response
Specifier (-\

Ifdex " (PworR S Index of the Object

bindex B Subindex of the Object, shall be zero or one |if
(\ Complete Access = 0x01

5.6.2.2 padiNormal

5.6.2.2.

The attribute f Download Normal Request are described in Figure 15.

typede struct
{
TMBXHEADER MbxHeader;
TCODHUEADER F‘n:\Un:an—:
TINITSDOHEADER SdoHeader;
DWORD CompleteSize;
BYTE Data[MBXﬁDATAfSIZE—lO];

} TINITSDODOWNLOADNORMREQMBX ;

Figure 15 — SDO Download Normal Request structure

The SDO Download Normal Request coding is specified in Table 31.
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Table 31 — SDO Download Normal Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n >= 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority

0x03: highest priority

Type Unsignedé 0x03: CoE (

Reserved Unsigned4 0x00 /\Q ) (\

CANopgn Header Number Unsigned9 0x00 \ \ \ >

Reserved Unsigned3 0x00 ( \ \

Service Unsignedé 0x02: SWq\{estx\

SDO Size Indicator Unsigned1 0x01

O\
Transfer Type Unsigned1 (}Q)O' Nor\wr \

Data Set Size Unsigned2 &KXO)/ \

Complete nsigned addresged with index and subindex will
Access

e object will be uploaded, subipdex
(subindex 0 included) or one

Comma U ign% OYDownload Request
Specifier (-\

Ihdex " (PworR S Index of the Object

bindex B Subindex of the Object, shall be zero or one |if
(\ Complete Access = 0x01

/C}gq SE\A\QW}RD Complete Data Size of the Object

[

ta )YTE[nJO] If ((Length-10) >= Complete Size): Data of th
Object

<\< If ((Length-10) < Complete Size): First Data part of

the Object, Download SDO Segment is follo}ing

5.6.2.2.2 O Download Normal Response

The aftributé types and coding of SDO Download Normal Response are the same as of SDO
Download’Expedited Response (see 5.6.2.1.2).

5.6.2.3 Download SDO Segment
5.6.2.3.1 Download SDO Segment Request

The attribute types of Download SDO Segment Request are described in Figure 16.

typedef struct

unsigned MoreFollows: 1;
unsigned SegDataSize: 3;
unsigned Toggle: 1;
unsigned Command : 3;

} TSDOSEGHEADER;
typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
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TSDOSEGHEADER SdoHeader;
BYTE Data [MBX_DATA_ SIZE-3];
} TDOWNLOADSDOSEGREQMBX ;

Figure 16 — Download SDO Segment Request structure
The Download SDO Segment Request coding is specified in Table 32.

Table 32 — Download SDO Segment Request

Frame part Data Field Data Type Value/Description

Mailbox Header Length WORD n >= 0x0A: Length of the Mailbox Service Data

Address WORD Station Address of the sourge#f a masteriis|client,
Station Address of the destination\f a_slayel|is
client

Channel Unsigned6 0x00 (Reserved for(fﬁ\k\e{ \\

Priority Unsigned2 0x00: lowest prj \s
0x03: h@%ﬁ;{ RO
Type Unsigned4 0x037 CoE_ O\ N
Reserved Unsigned4 P/xOOﬁ \ >
CANopgn Header Number Unsigned9 6\){92}

Reserved nsigne ( x00 /\\)
Gnstgeag * |Ox00d¢ N

Service U}s@ne\}{ 02 m/eq/uest

SDO More Follows nsigned1 x00N\Download SDO Segment is following
(\ \O\X ;Aast Download SDO Segment

SegData w si nea\ta\) \E/)gfines how much of the last 7 data Octets (which

always has to be send) contain data (only
( applicable if Length is O0x0A, otherwise shall pe
0x00):

Q 0x00: 7 Octet Data
0x01: 6 Octet Data
0x02: 5 Octet Data
0x03: 4 Octet Data
\ 0x04: 3 Octet Data
X 0x05: 2 Octet Data
0x06: 1 Octet Data
0x07: 0 Octet Data

Toggle Unsigned1 Shall toggle with every Download SDO Segnient
Request, starting with 0x00

Command Unsigned3 0x00: Download Segment Request

specifier

Data BYTE[n-3] Data part of the Object

5.6.2.3.2 Download SDO Segment Response

The attribute types of Download SDO Segment Response are described in Figure 17.

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TSDOSEGHEADER SdoHeader;

} TDOWNLOADSDOSEGRESMBX;

Figure 17 — Download SDO Segment Response structure
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The Download SDO Segment Response coding is specified in Table 33.

Table 33 — Download SDO Segment Response

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x0A: Length of the Mailbox Service Data

Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client

Channel Unsigned6 0x00 (Reserved for future)

PI;UI;ty Ullo;yllUdz C CC. :UVVUOt }JI;UI;ty
0x03: highest priority O\

Reserved Unsigned4 0x00 /\ \

Type Unsigned4 0x03: CoE (\ \\ \
NS

CANopgn Header Number Unsigned9 0x00 \ \
Reserved Unsigned3 0x00 & \ \

SDO Reserved Unsigned3 éxOOO \ \/

Service Unsigned4 0}06: S%\R\es;agn\se \
am

Toggle gned V e the for the corresponding
ownload (0] gment Request

Command U igne 01y W Segment Response
Specifier

Reserved >

5.6.2.4
5.6.2.4.1

The aftri , pedjted Request are described in Figure 18.

MbxHeader;
CopHeader;
SdoHeader;

The SPQO Upload Expedited Request coding is specified in Table 34.
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Table 34 — SDO Upload Expedited Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsignedé 0x03: CoE (
Reserved Unsigned4 0x00 /\Q (\
CANopgn Header Number Unsigned9 0x00 \ \ \ >
Reserved Unsigned3 0x00 ( \ \
Service Unsignedé 0x02: SWq\{estx\ \
SDo Reserved Unsigned4 0x00 NG )
Complete Unsigned1 00: entry addressed with index and subindex will
Access e uploaded
2 ject will be uploaded, subindex
zgro)(subjridex 0 included) or one
subingdex 0 exgluded)
Command Unsigned (0D :Usﬁﬁnfﬁequeﬁ
Specifier
Index WORD, g, [Nodey6f the Object
Subi ex\( \) \%Ebindex of the Object, shall be zero or one| if
omplete Access = 0x01
N =
%g&éwé&\ BWQDﬁD\
5.6.2.4.
The a

BXHEADER MbxHeader;

OPHEADER CopHeader;
PINITSDOHEADER SdoHeader;
BYTE Datal[4];

} TINITSDOUPLOADEXPREQMBX ;

Figure 19 — SDO Upload Expedited Response structure

The SDO Upload Expedited Response coding is specified in Table 35.
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Table 35 — SDO Upload Expedited Response

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsignedé 0x03: CoE (
Reserved Unsigned4 0x00 /\Q ) (\
CANopgn Header Number Unsigned9 0x00 \ \ \ >
Reserved Unsigned3 0x00 ( \ \
Service Unsigned4 0x03: SD, e%on ALY \
SDO Size Indicator Unsigned1 OXO/_S@Q]‘\D\(‘% b@éﬁet/éze specified
Transfer Type Unsigned1 9%)1. Exp&\te nsfer
Data Set Size Unsigned2
Complete nsig% try addressed with index and subindex will
Acces oaded
?;;}1 complete object will be uploaded, subipdex
shall be zero (subindex 0 included) or one
\ (subindex 0 excluded)
nsigne 0x02: Upload Response
WORD Index of the Object
/éYTE Subindex of the Object, shall be zero or one| if
Complete Access = 0x01
BYTE[4] Data of the Object
5.6.2.9
5.6.2.5. load Normal Request
The ditribute—byrpes—and—eeding—oef—SBO—UpleadNermalRegquestare—the—same—as—ef SDO

A
Upload Expedited Request (see 5.6.2.4.1).

5.6.2.5.2 SDO Upload Normal Response

The attribute types of SDO Upload Normal Response are described in Figure 20.

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TINITSDOHEADER SdoHeader;
DWORD CompleteSize;

BYTE
} TINITSDOUPLOADNORMRESMBX;

Data [MBX DATA SIZE-10];

Figure 20 — SDO Upload Normal Response structure
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The SDO Upload Normal Response coding is specified in Table 36. If the number of octets of
the Data parameter is equal or less than 4 the response as specified in 5.6.2.4.2 can be used.

Table 36 — SDO Upload Normal Response

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n >= 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned2 0x00: lowest priority

0x03: highest priorig,y/\ &

Type Unsigned4 0x03: CoE \ \/

Reserved Unsigned4 0x00 \ \ \\ )
IO N

CANopgn Header Number Unsigned9 0x00
Reserved Unsigned3 0)}(}0/_\ X
Service Unsigned4 @/x03(SPO ﬁ&p%e\ )
SDo Size Indicator Unsignedt (TNt / A\ N\
Transfer Type Qns@ed{ h @xOO:Q\lor}mﬂ trPnéer
Data Set Size U}ﬁne\@z\ (&Qo N/
Complete nsigned1 x00N\entry addressed with index and subindex will
Access bewuploaded
@)1: complete object will be uploaded, subipdex
all be zero (subindex 0 included) or one
subindex 0 excluded
(‘ /
an igne 0x02: Upload Response
/\ p C|f|er
WO D Index of the Object
ub|n ex }YTE Subindex of the Object, shall be zero or one| if
Complete Access = 0x01
/\ C\Km\k\e S\% DWORD Complete Data Size of the Object
QSat BYTE[n-10] If ((Length-10) >= Complete Size): Data of the
X Object

If ((Length-10) < Complete Size): First Data part of
the Object, Upload SDO Segment is following

5.6.2.6 ~" lUpload SDO Segment
5.6.2.6.1 Upload SDO Segment Request

The attribute types of Upload SDO Segment Request are described in Figure 21.

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TSDOSEGHEADER SdoHeader;

} TUPLOADSDOSEGREQMBX ;

Figure 21 — Upload SDO Segment Request structure

The Upload SDO Segment Request coding is specified in Table 37.
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Table 37 — Upload SDO Segment Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority

0x03: highest priority

Type Unsignedé 0x03: CoE (

Reserved Unsigned4 0x00 /\Q ) (\

CANopgn Header Number Unsigned9 0x00 \ \ \ >

Reserved Unsigned3 0x00 ( \ \

Service Unsignedé 0x02: sgo\qu\est\\ \

SDO Reserved Unsigned4 0x00 )

Toggle Unsigned1 all togglenwitidevery Upload SDO Segmenit
eqL(e_s\}, starting with 0x00

Command Upsigned3 OM plpay Segment Request
Specifier /\
Reserved B\&(E[?]\ \ \/

5.6.2.6.

The a se are described in Figure 22.

MbxHeader;
CopHeader;
SdoHeader;
Data [MBX_DATA_SIZE-3];

The U & esponse coding is specified in Table 38.
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Table 38 — Upload SDO Segment Response

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n >= 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsigned4 0x03: CoE
Reserved Unsigned4 0x00 /\Q ) (\
CANopgn Header Number Unsigned9 0x00 \ \ \ >
Reserved Unsigned3 0x00 ( \ \
Service Unsigned4 0x03: SW&OHS&\ \
SDO More Follows is following

SegData Size

Unsigned1 0x00:_Upl d%\@ew
01: last UploadySDO Segment
Unsigned3 %’fiée how 'm hof\fh{Iast7data Octets (which

be 5end) contain data (only
e is 0x0A, otherwise shall pe

?9)}0 75 Octet Data
%03: 4 Octet Data
0x04: 3 Octet Data
0x05: 2 Octet Data
0x06: 1 Octet Data
0x07: 0 Octet Data

N

Joyggle

<

Unsigned1 Shall be the same as for the corresponding WUpload
SDO Segment Request

o maW Unsigned3 0x00: Upload Segment Response
(\ \ specifier
NN Data BYTE[n-3] Data part of the Object

N

5.6.2.Y Abort SDO Transfer

5.6.2.7.1 Abort SDO Transfer Request

The attribute types of Abort SDO Transfer Request are described in Figure 23.

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TINITSDOHEADER SdoHeader;
DWORD AbortCode;

} TABORTSDOTRANSFERREQMBX ;

Figure 23 — Abort SDO Transfer Request structure

The Abort SDO Transfer Request coding is specified in Table 39.
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Table 39 — Abort SDO Transfer Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsignedé 0x03: CoE (
Reserved Unsigned4 0x00 /\Q ) (\
CANopgn Header Number Unsigned9 0x00 \ \ \
Reserved Unsigned3 0x00 ( \ \
Service Unsigned4 0x02: Sgo\%q\{est\\ \
SDo Size Indicator Unsigned1 0x00 G\
Transfer Type Unsigned1 gﬁ)o \ \
Data Set Size Unsigned2 )a &KxOé / N \
Reserved )dﬁ&qned)/\ >9X00 ( () ‘\>
Comr_n_amd signed3 04: Wnsfer Request
Specifier b& K
Index WorD—_ dex\af the Object
Subindex_ B\Q’E\ \ \S{Mex of the Object
AEort\C\odN lﬁ\@)@ e \kgort Code as specified in Table 40
~—_
5.6.2.
The S le 40.
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Table 40 — SDO Abort Codes

Value

Meaning

0x05 03 00 00

Toggle bit not changed

0x05 04 00 00

SDO protocol timeout

0x05 04 00 01

Client/Server command specifier not valid or unknown

0x05 04 00 05

Out of memory

0x06 01 00 00 Unsupported access to an object

0x06 01 00 01 Attempt to read to a write only object

0x06 0700 0Z Aftempt to write to a read only object

0x06 02 00 00 The object does not exist in the object directory (

0x06 04 00 41 The object can not be mapped into the PDO <

0x06 04 00 42 The number and length of the objects to be mapped w uld\g\Xe\ed\\Q\D\O I%th

0x06 04 00 43 General parameter incompatibility reason /\ \ \

0x06 04 00 47 General internal incompatibility in the device \

0x06 0g 00 00 Access failed due to a hardware error \\ \ >

0x06 07 00 10 Data type does not match, length of/rwce pEXQ doe\(not match

0x06 07 00 12 Data type does not match, Ieng}).{)f&serﬁ f]parar&er Mgh

0x06 07 00 13 Data type does no tch I/kah o)serw{: r(ar mete>too low

0x06 09 00 11 Subindex does not \ \ )

0x06 09 00 30 Value range of para}rr;her e)?be\}}e\d (\\{X for write access)

0x06 09 00 31 Value of parameter\wrlttm h\g{ >

0x06 09 00 32 Valde Of parameter wiittensojow

0x06 04 00 36 [Maximum Value is less dhan minimif value

0x08 04 00 00 [Genefaleror \ 1

0x08 00 00 20 < \> Qata car%lot})itr;hs\fe}rqg/or stored to the application

0x08 0¢ 00 21 \&Q\MKan\c}t\be/\st/éred or stored to the application because of local control

0x08 0¢ 00 22 <\\I53*a§ttz anhQt be transferred or stored to the application because of the present dpvice

0x08 00 00 23 < \ bje dic}ynary dynamic generation fails or no object dictionary is present
N

5.6.3

5.6.3.1

The attribate types of SDO Information Service are described in Figure 24.

typedef struct

unsigned OpCode: 7;
unsigned InComplete: 1;
unsigned Reserved: 8;
WORD FragmentsLeft;

} TSDOINFOHEADER;

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TSDOINFOHEADER SdoInfoHeader;

} TSDOINFOSERVICE;

Figure 24 — SDO Information Service structure

The SDO Information Service coding is specified in Table 41.
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Table 41 — SDO Information Service

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n > 0x06: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority

0x03: highest priority

Type Unsignedé 0x03: CoE (

Reserved Unsigned4 0x00 /\Q ) (\

CANopgn Header Number Unsigned9 0x00 \ \ \ >
Reserved Unsigned3 0x00 \

Service Unsigned4
SDO Info Header Opcode Unsigned7
t-Object Description Response
. &et Entry Description Request
ntry Description Response
(\ O Info Error Request

Incomplete U igné(ﬂ\) \?JO: last SDO Information fragment
A x01: SDO Information fragments will follow

Reseryed Unsigneds 0x00

( F%gment%L(e}l\ \\@W Number of Fragments which will follow

SDO Info Service Data /f)\a@ \ A BYﬁ[n-6] SDO Information Service Data
5.6.3.2

5.6.3.2.1 ist\Request

The aftribute OD List Request are described in Figure 25.

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TSDOINFOHEADER SdoInfoHeader;
WORD ListType;

} TGETODLISTREQ;

Figure 25 — Get OD List Request structure

The Get OD List Request coding is specified in Table 42.
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Table 42 — Get OD List Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x08: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsignedé 0x03: CoE (
Reserved Unsigned4 0x00 /\Q ) (\
CANopgn Header Number Unsigned9 0x00 \ \ \ >
Reserved Unsigned3 0x00 ( \ \
Service Unsignedé 0x08: sWo\@at@\ \
SDO Info Header Opcode Unsigned7 0x01; NNG&R}
Incomplete Unsigned1 all be ze \
Reserved Unsigned8 )a &KxOé / N \
Fragments Left D A >Sha|l ()e z@ré \)
SDO Info Service Data List Type RD 00:/get number of objects in the 5 different lists
. all objects of the object dictionary shall be
elivered in the response
% ﬁ 7only objects which are mappable in a RxPDO
shall be delivered in the response
% 0x03: only objects which are mappable in a TxPDO
( shall be delivered in the response
0x04: only objects which has to stored for a @levice
replacement shall be delivered in the responge
> 0x05: only objects which can be used as staftup

parameter shall be delivered in the response

5.6.3.2.2

The afttrib

ypedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TODOINEQOUDIADED od Infaoll aa -v-’
WORD ListType;

} TGETODLISTRES;

Figure 26 — Get OD List Response structure

The Get OD List Response coding is specified in Table 43.
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Table 43 — Get OD List Response

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n >= 0x08: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsignedé 0x03: CoE (
Reserved Unsigned4 0x00 /\Q ) (\
CANopgn Header Number Unsigned9 0x00 \ \ \ >
Reserved Unsigned3 0x00 ( \ \
Service Unsigned4 0x08: SD, \@at@\ \
SDO Info Header Opcode Unsigned7 0x02 \QQN §Q\n\=\ )
Incomplete Unsigned1 00: last Wn fragment
x01 ;glor%watm ragments will follow
Reserved )Jﬁ\sQnedM xOO { ( ) \>
Fragments Left WQRD \N{umb of Fragments which will follow
SDO Info Service Data List Type list of length shall be delivered in the
spohse
be

<
A

X

3

O

7all objects of the object dictionary shal
detivered in the response

shall be delivered in the response

0x03: only objects which are mappable in a 1
shall be delivered in the response

0x04: only objects which has to stored for a
replacement shall be delivered in the respon

0x05: only objects which can be used as sta
parameter shall be delivered in the response

0x02: only objects which are mappable in a RxPDO

xPDO

levice
e

tup

%de List
X

WORD
[(n-8)/2]

List of object indexes
or 5 words with the length of the list types if

type is 0

ist

5.6.3.3

OD List Segment

The attribute types and coding of OD List Segment are the same as of Get OD List Response.

5.6.3.4
5.6.3.4.1

Get Object Description

Get Object Description Request

The attribute types of Get Object Description Request are described in Figure 27.

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TSDOINFOHEADER SdoInfoHeader;
WORD Index;

} TGETOBJDESCREQ;

Figure 27 — Get Object Description Request structure
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The Get Object Description Request coding is specified in Table 44.

Table 44 — Get Object Description Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x08: Length of the Mailbox Service Data

Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client

Channel Unsigned6 0x00 (Reserved for future)

PI;UI;ty Ullo;yllUdz C CC. :UVVUOt }JI;UI;ty
0x03: highest priority O\

Reserved Unsigned4 0x00 /\ \

Type Unsigned4 0x03: CoE (\ \\ \
NS

CANopgn Header Number Unsigned9 0x00 \ \

Reserved Unsigned3 0x00 & \ \

Service Unsigned4 O}Oﬁ: S%\Im%on\

SDO Info Header Opcode Unsigned7 éx03(@et Ot}e&t Deseription Request

Incomplete Wgnem/& M;{e z‘é??\ \>

Reserved msig\@%\ &)xoo\ N )\/
om0

Fragments Left

SDO Info Service Data Index \i(lORI?—\ \7\d9x the requested object description

5.6.3.

The a j iption Response are described in Figure 28.

MbxHeader;
CopHeader;
SdoInfoHeader;
Index;
DataType;
MaxSubindex;
ObjCode;
ETOBJDESCRES ;

ire 28 — Get Object Description Response structure

The Get\Object Description Response coding is specified in Table 45.
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Table 45 — Get Object Description Response

07(E)

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n > 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsignedé 0x03: CoE (
Reserved Unsigned4 0x00 /\Q ) (\
CANopgn Header Number Unsigned9 0x00 \ \ \ >
Reserved Unsigned3 0x00 ( \ \
Service Unsignedé 0x08: SD fo\@at@\ \
SDO Info Header Opcode Unsigned7 0x04; Me}[%es}&i\pﬁqm Bésponse
Incomplete Unsigned1 (74)0: Iast\SD\O ormath%n fragment
Reserved Unsigned8 )a &KxOé / N \
Fragments Left MD A >lumbér o(F)a ments which will follow
SDO Info Service Data Index VVQRD dexBQhe ot}j,ect description
Data Type m Re}a@nce to data type list

Max Subindex

BYTE(N

Mnﬁm number of subindexes ob the obje

—_

Obj tw\

e X

Object Code
7: Variable
8: Array

9: Record

XU A Nehasin-10]

Name of the object

5.6.3.9
5.6.3.5.

The aftribute

typedef struct

TMBXHEADER MbxHeader;
TCODHUEADER F‘AI\UQ:HDT:
TSDOINFOHEADER SdoInfoHeader;
WORD Index;

BYTE Subindex;

BYTE ValuelInfo;

} TGETENTRYDESCREQ;

Figure 29 — Get Entry Description Request structure

The Get Entry Description Request coding is specified in Table 46.
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Table 46 — Get Entry Description Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsignedé 0x03: CoE (
Reserved Unsigned4 0x00 /\Q ) (\
CANopgn Header Number Unsigned9 0x00 \ \ \ >
Reserved Unsigned3 0x00 ( \ \
Service Unsignedé 0x08: SD fo\@at@\ \
SDO Info Header Opcode Unsigned7 0x05; }Eer\Bksc}}QMR;}west
Incomplete Unsigned1 all be ze \
Reserved Unsigned8 )a &KxOé / N \
Fragments Left MD A >Sha|l ()e z@ré \)
SDO Info Service Data Index WQRD dexBQhe reﬂuested object description
Subindex B)PI'I\:‘ SuMdex of the requested object description
Valuelnfo YTEQ We info includes which elements shall be in
e résponse:
&0: access rights
( Bit 1: object category
Bit 2: information, if object is mappable in aDO
Q Bit 3: unit type
Bit 4: default value

Bit 5:
Bit 6:

minimum value

maximum value

5.6.3.5.2

The a

scription Response

typedef struct
{

tribute-types~af Get Entry Description Response are described in Figure 30.

t

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TSDOINFOHEADER SdoInfoHeader;
WORD Index;

BYTE Subindex;

BYTE ValuelInfo;
WORD DataType;

WORD BitLength;
WORD ObjAccess;

} TGETENTRYDESCRES;

Figure 30 — Get Entry Description Response structure

The Get Object Description Response coding is specified in Table 47.
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Table 47 — Get Entry Description Response

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n >= 0x10: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsigned4 0x03: CoE RN
Reserved Unsigned4 0x00 (
CANopgn Header Number Unsigned9 0x00 /\Q ) (\
Reserved Unsigned3 0x00 < \ \ S
Service Unsigned4 0x08: SDO Infafination \
SDO Info Header Opcode Unsigned7 0x06: Getlgnt}x DesMon\BesW
Incomplete Unsigned1 0x00: t SDOIRfor ion fragment
OXO},S.Q \g&m;ts will follow
Reserved Unsigned8 (}/
Fragments Left WORD A klumg)eﬂof Fra\;@ent |ch will follow
SDO Info Service Data Index W/QRD & \Yx/éf tr{e\geque ed object description
Subindex %\YTR Q <Subin\s{ex Mheﬁt{quested object description
Valuelnfo B includes which elements are ih the

NN

N

: information, if object is mappable in a PDO
: unit type

Bit 4: default value
Bit 5: minimum value

Bit 6: maximum value

Daia Typa{

Worb,

Index of the data type of the object

INTTORS

\VORD

Bit length of the object

T

bjectAccess

N

ORD

Bit 0:
Bit 1:
Bit 2:
Bit 3:
Bit 4:
Bit 5:
Bit 6:
Bit 7:

read access in Pre-Operational state
read access in Safe-Operational state
read access in Operational state
write access in Pre-Operational state
write access in Safe-Operational state
write access in Operational state
object is mappable in a RxPDO
object is mappable in a TxPDO

Bit 8: object can be used for backup

Bit 9: object can be used for settings

Bit 10-15: reserved

Data

BYTE[n-16]

If the unit type is included in the response, thhe unit

type of the object is following (WORD)

If the default value is included in the response, the
default value of the object is following (same data
type as the object value)

If the minimum value is included in the response,
the minimum value of the object is following (same
data type as the object value)

If the maximum value is included in the response,
the maximum value of the object is following (same
data type as the object value)

If the Length is less than the described response
parameter, the description is following (array of
char)
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5.6.3.6 Entry Description Segment

The attribute types and coding of Entry Description Segment are the same as of Get Entry
Description Response.

5.6.3.7 SDO Info Error

The attribute types of SDO Info Error Request are described in Figure 31.

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TSDOINFOHEADER SdoInfoHeader;
DWORD AbortCode;

} TABORTSDOTRANSFERREQMBX ;

Figure 31 — SDO Info Error Request structu
The SPO Info Error Request coding is specified in Table 48.

Table 48 — SDO Info Error Réqu

Hrame part Data Field Data Type / \\\@uel scription

Mailboy Header Length WORD - XO& I7,én%h (o) he ox Service Data
Address D tati dr ss of the source, if a master is|client,
Statio, A the destination, if a slave|is
ient
Channel L}ln/s@nedG Reserved for future)
Priority nsig 30. west priority
[\ & 0x03: highest priority

TQpe U\r‘rs\igne 4 0x03: CoE

ig
NO Bé\ \/\\Q;&%nedg 0x00

CANopgn Header

{_ bRreserved<{ Unsigheda 0x00
(A h\ﬂ\ser}sq \ nsigned3 0x00

§er\>|‘% Unsigned4 0x08: SDO Information

)

SDO Info H;q:le\\ . @pﬁede\/ Unsigned7 0x07: SDO Info Error Request

\ \\Qconﬁlete Unsigned1 Shall be zero
N

\Be}éved Unsigned8 0x00
/f-zragments Left WORD Shall be zero
Abort Code DWORD Abort Code as specified in Table 40

5.6.4 Emergency
5.6.4.1 Emergency Request

The Emergency Request coding is specified in Table 49.
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Table 49 — Emergency Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n = 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsigned4 | 0x03: CoE (
Reserved Unsigned4 0x00 /\Q ) (\
CANopgn Header Number Unsigned9 0x00 \ \ \ >
Reserved Unsigned3 0x00 ( \ \
Service Unsigned4 0x01: Em/efg%c})\ \\ \
Emerggncy Error Code WORD Error/C.od\e \ )
Error Register BYTE Eyér Regis%K
Data BYTE[5] Error
Error
Reserved E;Q(TEM

5.6.4.

The E
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Table 50 — Emergency Error Codes

Error Code (hex) Meaning
00xx Error Reset or No Error
10xx Generic Error
20xx Current
21xx Current, device input side
22xx Current inside the device
23xx Current, device output side
30xx Voltage
31xx Mains Voltage (
32xx Voltage inside the device /\< A (\
33xx Output Voltage < \ \
40xx Temperature /\ \ \
41xx Ambient Temperature \\ \
42xx Device Temperature \\ \ >
50xx Device Hardware / \ ) \
60xx Device Software P K § / % \
61xx Internal Softya’?e\ A > / ( \ R >
62xx User Softwa§\ \ \ )
63xx Data Set /k
70xx Additional Modules |
o, XY S
81xx \C\om}me tion )
82xx Ftro%vﬂ\%lu{ \\
8210 < ? D@ \t\Qro?:‘a{sWe to length error
8220 \\/RDO Jengfh excepded
ACTIC )
AOxx }S\SNrawon\Eﬁor
FOxx \ %d\{tion\au:/ﬁwctions
FFxx < \ \ Devi&e\specific

N

5.6.4.3 ESM Transition Error
5.6.4.3.1 Error Code

The ESM Transition Error Codes are specified in Table 51.

Table 51 — Error Code

Error Code (hex)

Meaning

A000

Transition PRE-OPERATIONAL to SAFE-OPERATIONAL not successful

A001

Transition SAFE-OPERATIONAL to OPERATIONAL not successful

5.6.4.3.2 Diagnostic Data

The ESM Transition Diagnostic Data structure is specified in Table 52.
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Table 52 — Diagnostic Data

Data[0] Data[1..4] Meaning
0x00 + Sync Manager Length Error Length of the Sync Manager channel does not match
channel*4
0x01 + Sync Manager Address Error Physical Start Address of the Sync Manager channel
channel*4 does not match
0x02 + Sync Manager Settings Error Settings of the Sync Manager channel are not matching
channel*4
5.6.4.8.3 Sync Manager Length Error

The S

ync Manager Length Error coding is specified in Table 53.

Table 53 — Sync Manager Length Error
Data[1..4] Data Type Value}QescM \
Minimum Length WORD Minimum value for the p&atame of the\Sync Manager
channel
Maximym Length WORD Maximum value f@r theparameterkength of the Sync Managgr
channel 6’7
5.6.4.8.4 Sync Manager Address Err

The S

ync Manager Address Error coding is specifig

in ble 54.

able 54 - ddress Error
N
Data[1..4] I \)}%\Type C\ \/ Value/Description
Minimum Address WORD inalue for the parameter Physical Start Address of the
Sync Manager channel

Maximym Address \/\Wmum value for the parameter Physical Start Address of the

>Sync Manager channel
5.6.4.8.5 Settings Error
The Siync gs Error coding is specified in Table 55

Table 55 — Sync Manager Settings Error
Data[1..4] Data Type Value/Description

Expected Buffer Type Unsigned2 Expected value for the parameter Buffer Type of the Sync Manager
channel

Expected Direction Unsigned2 Expected value for the parameter Direction of the Sync Manager
channel

Reserved Unsigned1 0x00 (Reserved for future)

Expected AL Event Enable Unsigned1 Expected value for the parameter AL Event Enable of the Sync
Manager channel

Reserved Unsigned10 0x00 (Reserved for future)

Expected Channel Enable Unsigned1 Expected value for the parameter Channel Enable of the Sync

Manager channel

Reserved

Unsigned15

0x00 (Reserved for future)
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5.6.5

5.6.5.1

Process Data

RxPDO

—67 -

The protocol of the RxPDO Transmission via mailbox is specified in Table 56.

Table 56 — RxPDO Transmission via mailbox

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n > 0x02: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, it a slave s
client ft\
Channel Unsigned6 0x00 (Reserved for futuzm aN
Priority Unsigned?2 0x00: lowest priority, v
0x03: highest
Type Unsigned4 | 0x03 Co< N \
Reserved Unsigned4 Ox%/_\ X
CANopgn Header Number Unsigned9 %Iat@xPB‘@iNmb{r)
Reserved Uksigned3 ( W/ /\ \
Service Qnsb«q\ed( b 6(05: &\XPE)Q) )\/
PDO Data BY\/TE[n-\Zi\ Ph){ess Data
5.6.5.2 TxPDO
The TKPDO Transmiss

Hrame part A })a\tax'\eld\/\ \Déa Type Value/Description
Mailbof Header < NLength LAVORD n > 0x02: Length of the Mailbox Service Data
A drg§s\> WORD Station Address of the source, if a master is glient,
\ St.ation Address of the destination, if a slave is
/\ client
AL Changél Unsigned6 | 0x00 (Reserved for future)
>riority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsigned4 0x03: CoE
Reserved Unsigned4 0x00
CANopen Header Number Unsigned9 Related TxPDO-Number
Reserved Unsigned3 0x00
Service Unsigned4 0x04: TxPDO
PDO Data BYTE[n-2] Process Input Data
5.6.5.3 RxPDO Remote Transmission Request

The RxPDO Remote Transmission Request coding is specified in Table 58.
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Table 58 — RxPDO Remote Transmission Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x02: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority

0x03: highest priority

Type Unsigned4 0x03: CoE
Reserved Unsigned4 0x00 )
CANopgn Header Number Unsigned9 Related RxPDO- NUI%QGI\ \ >
Reserved Unsigned3 0x00
Service Unsigned4 0x07: RxW@@ot&T%ﬁerssioMequest

5.6.5.4 TxPDO Remote Transmission Request

The TkPDO Remote Transmission Req

Hrame part Data Field Value/Description
Mailboy Header w RD 3 ;0@: Length of the Mailbox Service Data
dres w \D\/ é{ation Address of the source, if a master is glient,
( St_ation Address of the destination, if a slave is
N \ client
< nnel D)\Qg 6 0x00 (Reserved for future)
\/\\k;4>gned2 0x00: lowest priority
\x\\ 0x03: highest priority
xryBQ Unsigned4 0x03: CoE
& \ \ Rese&ed Unsigned4 0x00
CANopgn Hea%‘r\\\ NMer Unsigned9 Related TxPDO-Number
/Fieserved Unsigned3 0x00
Service Unsigned4 0x06: TxPDO Remote Transmission Request

5.6.6 Command

The Command object structure is specified in Table 60. Each command object shall have the
data type 0x0025. The structure can be used by any object declared as command object.
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Table 60 — Command object structure

Subindex

Description

Data Type Value

0 Number of entries

UNSIGNEDS8 3

1 Command

OCTET_STRING Byte 0-n: Request Data

A write access to the command data will
execute the command

2 Status

UNSIGNEDS8 0: last command completed, no errors, no reply

1: last command completed, no errors, reply
there

2: last command completed, error, no repl

B

3 Reply

OCTET-STRING Byte 0-n

t
épogse D\%ta

5.6.7 Object Dictionary

5.6.7.1

The Object Dictionary is structured as note

Object Dictionary structure

Jable

ab 61 -0 ary Structure

Index (hex)

0x000[0-0x0FFF

\ \ Object Dictionary Area
e

0x1000-0x1FFF

Coeocmmpiinied

0x200[0-0x5FFF

\N@}\kfa cﬁ@ r\Sp{c_iﬁz/A rea

0x6000-0xFFF,

5.6.7.2

The Object €ode

Pro ile\Al{aa\
R\

finitions

fimition entries are structured as noted in Table 62.

Table 62 — Object Code Definitions

Object Code Object Name
0002 DOMAIN

0005 DEFTYPE

0006 DEFSTRUCT
0007 VAR

0008 ARRAY

0009 RECORD
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Data Type Area

The Basic Data Type Area is specified in Table 63.

Table 63 — Basic Data Type Area

61158-6-12 © IEC:2007(E)

Index (hex) Object Type Name

0001 DEFTYPE BOOLEAN

0002 DEFTYPE INTEGERS

0003 DEFTYPE INTEGER16

0004 DEFTYPE INTEGERSZ

0005 DEFTYPE UNSIGNEDS (

0006 DEFTYPE UNSIGNED16 RSN
0007 DEFTYPE UNSIGNED32 NN NN D
0008 DEFTYPE REAL32 ( A N
0009 DEFTYPE VISIBLE_STRING \ \\ \
000A DEFTYPE OCTET_STRING G\

000B DEFTYPE UNICODE_STRING / \ \

000C DEFTYPE TIME_OF_DAY f\\ }/ “

000D DEFTYPE TlME_QJFKQREr\J/ZE\ > { (} ‘\>

000E Reserveth NER )/

000F DEFTYPE DOMAIN

0010 DEFTYPE INTEGER24

0011 DEFTYPE ( I?E/A\LB‘K\ Y ) >

0012 DEFTYPEN TEGERJg)

0013 DEFTYPE| INTEGER48

0014 DEFTYBE & INFEGERS6™

0015 DEFIVPE INTEGERGS

0016 DEFTYRE \UNSIGNED24

0017 \ Reserved

0018 DEFﬁ% \ ONSIGNED40

0019 < “NOEERRE \ | UNSIGNED48

001A LDEFTYRE UNSIGNED56

001B DEFTRYP UNSIGNED64

001CH004F reserved

The Extended Data Type Area is specified in Table 64.
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Table 64 — Extended Data Type Area

Index (hex) Object Name

0020 Reserved

0021 DEFSTRUCT PDO_MAPPING

0022 Reserved

0023 DEFSTRUCT IDENTITY

0024 Reserved

0025 DEFSTRUCT COMMAND_PAR

0026-0Z8 Reserved

0029 DEFSTRUCT SYNC_PAR (
002A-po2F Reserved /\< A O\
0030 DEFTYPE BITA AN N D
0031 DEFTYPE BIT2 /\ \ \
0032 DEFTYPE BIT3 RSEN
0033 DEFTYPE BIT4 \\ \ >
0034 DEFTYPE BIT5 /N0 \
0035 DEFTYPE BIT6 PN \ § / A \
0036 DEFTYPE BIT7 AN LDPY >
0037 DEFTYPE BITS \ \ )
0038-pPO3F Reserve
0040-p05F | DEFSTRUCT Manufac{{urer cific\c\o\\gle%ata Types
0060-po7F | DEFTYPE Dmh\filewécifjc\%andard Data Types
0080-p0O9F DEFSTRUF\T evifc_g Profil Specific’'Complex Data Types
00A0b0BF DEFTYPE[ Devhsgbngne Specific Standard Data Types
00C0400DF DEfs}BuQr Déxqce\w\of\im\yépecific Complex Data Types
00E0-OFF DEFWgé\ \Bgv}%\gnﬁe 2 Specific Standard Data Types
0100-p11F | DE \uQT \Device>°rofi|e 2 Specific Complex Data Types
0120-p13F /BF\F\\YPE\ \ Device Profile 3 Specific Standard Data Types
0140-p15F DEFNC\T\ Bevice Profile 3 Specific Complex Data Types
0160-)14 bgFW \ Device Profile 4 Specific Standard Data Types
0180-p19F DEFST}\U&'\/ Device Profile 4 Specific Complex Data Types
01A0D1BF DE{-\T(P)% Device Profile 5 Specific Standard Data Types
01CO0{01BF DEFSTRUCT Device Profile 5 Specific Complex Data Types
01E0- B4R BEFFYRE Device-Rrefite-6-Speeitic-Standard-Date-Types
0100-021F DEFSTRUCT Device Profile 6 Specific Complex Data Types
0220-023F DEFTYPE Device Profile 7 Specific Standard Data Types
0240-025F DEFSTRUCT Device Profile 7 Specific Complex Data Types
0260-07FF Reserved

The Enumerated Data Type Area occupies index 0x800 to OxFFF. Each item has a data type
that specifies the number of bits occupied (e.g. BIT3 or UNSIGNED16) and a list of entries that
specifies integer value (data type is unsigned32) and the enumeration visible string as shown
in Table 65.
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Table 65 — Enumeration Definition

Sub- Description Data type M/O/C Access PDO Value
Index Mapping
0 Number of entries | UNSIGNEDS8 (0] R No Number of enumeration
values n
Padding UNSIGNEDS8 0
Padding to maintain even
octets boundary for the
following objects
1 Enum1 OCTET O R No UNSIGNED32 as integer
O ITRING vdliue
VISIB ING as
enum ration siing
1 Enumn OCTET o}
STRING
5.6.7.4 CoE Communication Area
CoE Gommunication Object DictionaryKAre

(@
Index Object ame \B Type M/O
(hex type
1000 | | VAR Defioe Tybe (.0 ./ UNSIGNED32 M
1001 Erfor Register NS UNSIGNEDS 0
1002 N\ Reséved
1007 | Reseyed\ N/
1008 | | VAR ™\ NuahdfadiurerRevice Name VisibleString 0
1009 | | vAR \mnu\qctuMardware Version VisibleString 0
100A m\ Mfa}turer Software Version VisibleString (0]
100B Reserved
1017 Reserved
1018 | RECORD | Identity Object Identity (0x23) M
1019 Reserved
15FF Reserved
1600 RECORD 1% receive PDO Mapping PDO Mapping (0x21)
1601 RECORD 2" receive PDO Mapping PDO Mapping C
17FF RECORD 512" receive PDO Mapping PDO Mapping C
1800 Reserved
19FF Reserved
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Index Object Name Type M/O/C
(hex) type
1A00 RECORD 1! transmit PDO Mapping PDO Mapping (0x21) C
1A01 RECORD 2" transmit PDO Mapping PDO Mapping C
1BFF RECORD 512" transmit PDO Mapping PDO Mapping C
1C00 ARRAY Sync Manager Communication Type UNSIGNEDS8
1C01 Reserved
1COF Reserved T~
1C10 ARRAY Sync Manager 0 PDO Assignment UNSIGNED1N \1\{
1C11 ARRAY Sync Manager 1 PDO Assignment UNSIGNE/D\%\ Q \M
1c12| | ARRAY Sync Manager 2 PDO Assignment UNS|GN|§Q16\ N M\ )
1c13| | ARRAY Sync Manager 3 PDO Assignment UNEIGNERG O\ Wy
1c14| | ARRAY Sync Manager 4 PDO Assignment ) \GKNEQ{ \ 6
1c2F| | ARRAY Sync Manager 31 PDO Assignment ~ m@hNF\ms\ 0
1C30 RECORD Sync Manager 0 Synchronization F\\)/ \ (0]
1C4F| | RECORD | Sync Manager 31 Syncheonizatioh,  \¢ ) 0
1C50 Reserved /
1FFF Reserved \(\\Q) D
5.6.7.41.1 DT »
The Djevice Type object diction ndex 0x1000) is specified in Table 67.
{\ Table 67 — Device Type
O\ Atribgte” N\ Value
Name Device Type
Object Code N VAR
Data Typge UNSIGNED32
Categpry: Mandatory
Access Ro
PDO Mapping No
Value Bit 0-15: used device profile, 0x0000 if no standardized device profile
is used.
Bit 16-31: additional information depending on the used device profile

5.6.7.4.2 Error Register

The Device Type object dictionary entry (index 0x1001) is specified in Table 68.
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Table 68 — Error Register

Attribute Value
Name Error Register
Object Code VAR
Data Type UNSIGNEDS8
Category Optional
Access Ro
PDO Mapping
Value BIt U: generic error
Bit 1: current error
Bit 2: voltage error
Bit 3: temperature error
Bit 4: communication error
Bit 5: device profile specific exror
Bit 6: reserved
Bit 7: manufacturer Wr
%
5.6.7.4.3 Manufacturer Device N C)

The Manufacturer Device Name object

0x1008) is specified in Table 69.

Table 69 —

Attribute . \ w \\/ Value
Name, / fm*aqufa\owhr\ma{me Name
Objecf Code /N, > VAR N
Data Type \\ \\QS|§1>E_STR|NG
Categpry /\\ \ \J})QM]N
Access \ \ ,R/o
PDO /Iapping< \ \ \ > No
Value /\ \\\ \ name of the device as non zero terminated string
RN
5.6.7.4.4 Manufadcturer Hardware Version
The

Table 70.
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Table 70 -

— 75—

Manufacturer Hardware Version

Attribute

Value

Name

Manufacturer Hardware Version

Object Code

VAR

Data Type VISIBLE_STRING
Category Optional
Access Ro
PDO Mapping No
Value Haraware version of tNe deVICE as non Zero terminated string
5.6.7.4.5 Manufacturer Software Version
The Manufacturer Software Version object dictionary entry (indéx 0X Table
71.
Table 71 — Manufacturer Softwar io
/™
Attribute r\\)/ /\V;\Q
Name Wturg(&ft\?%re Vérsi(m) ‘\)
Objec} Code VAR oL/
Data Type wgrBfE_sﬁ&@}\
Categpry Op iona(\ \/
Accesds < R \) N >
PDO Yapping N N o )
Value k o%re\e{sion of the device as non zero terminated string
5.6.7.4.
The Iq y (index 0x1018) is specified in Table 72.
Table 72 — Identity Object
Sub- De&n@ Data type M/OIC | Access | PDO Value
IndeX Mapping
0 Number of entries UNSIGNEDS8 M No 4
1 Vendor ID UNSIGNED32 M No Assigned uniquely by ETG
2 Product Code UNSIGNED32 M R No Assigned uniquely by
Vendor
3 Revision Number UNSIGNED32 M R No Assigned uniquely by
Vendor
Bit 0-15: Minor Revision
Number of the device
Bit 16-31: Major Revision
Number of the device
4 Serial Number UNSIGNED32 M R No Assigned uniquely for this
device by Vendor
0 if there is no serial
number given
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5.6.7.4.7 Receive PDO Mapping

The Receive PDO Mapping object dictionary entry (index 0x1600 — 0x17FF) is specified in
Table 73.

Table 73 — Receive PDO Mapping

Sub- Description Data type M/O/C Access PDO Value
Index Mapping
0 Number of objects UNSIGNEDS8 M R No 0 - 254
in this PDO writeable if variable
RW mapping is supported
1 First Output Object UNSIGNED32 C R No
to be mapped (for
I
he
he
hse of

. index of the
apped object(for a gpp in
the, PDO: shall be zerg)

n Last Output Object | UNSIGNED c o)
to be mapped

5.6.7.4.8 Transmit PDO Mapping

The Transmit PDO Mappig ar t ndex Ox1A00 — Ox1BFF) is specified in

Table|74.
Sub-| Descripti ata M/O/C Access PDO Value
IndeX Mapping

0 Numbemaf objed UNSIGNEDE | M R No 0 - 254
in this PD writeable if variable

RW mapping is supported

mit PDO Mapping

UNSIGNED32 Cc R No Bit 0-7: length of the
mapped objects in bitg (for
a gap in the PDO: shdll
have the bit length of the
gap)

Bit 8-15: subindex of the
mappeqa ODJeTT (U TIT Case of
a gap in the PDO)

Bit 16-31: index of the
mapped object(for a gap in
the PDO: shall be zero)

n Last Output Object UNSIGNED32 C R No
to be mapped

5.6.7.4.9 Sync Manager Communication Type

The Sync Manager Communication Type object dictionary entry (index 0x1C00) is specified in
Table 75.
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Table 75 — Sync Manager Communication Type

Sub- Description Data type M/O/C Access PDO Value
Index Mapping
0 Number of used UNSIGNEDS8 M R No 4 - 32
Sync Manager
channels
1 Communication UNSIGNEDS8 M R No 1: mailbox receive (master
Type Sync Manager to slave)
0
2 Communication UNSIGNEDS8 M R No 2: mailbox send (slave to
Type Sync Manager master)
3 Communication UNSIGNEDS8 M R No dhused
Type Sync Manager
2 . procgssidatasdutpu
\Q" ster tQ ‘'slave)
4 Communication UNSIGNEDS8 M R No 0: ynused
Type Sync Manager )
3 process\dajd input [slave
N to master)
5-n| | communication UNSIGNEDS | O R D% Wa
Type Sync Manager 1\mailbox receive (master
4 - (n-1) to slave)
“mailbox send (slavg to
master)
3: process data outpu
4: process data input(slave
to master)
5.6.7.4.10 Sync Managg
5.6.7.4.10.1 Sync
The Sync Manage Maithox\ Reteive) object dictionary entry (index 0x1C({10) is
speciffed in Tabl“ﬁ >
@ anager Channel 0 (Mailbox Receive)
Sub- sCription Data type M/O/C Access PDO Value
IndeX Mapping
0 umber\of igned )\ UNSIGNEDS8 M R No 0
PDQs
5.6.7.4.10:2 Sync Manager Channel 1 (Mailbox Send)

The Sync Manager Channel 1 (Mallbox Send) object dictionary entry (index Ox1C11) is
specified in Table 77.

Table 77 — Sync Manager Channel 1 (Mailbox Send)

Sub- Description Data type M/O/C Access PDO Value
Index Mapping
0 Number of assigned | UNSIGNEDS8 M R No 0

PDOs

5.6.7.4.10.3 Sync Manager Channel 2 (Process Data Output)

The Sync Manager Channel 2 (Process Data Output) object dictionary entry (index 0x1C12) is
specified in Table 78.
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Table 78 — Sync Manager Channel 2 (Process Data Output)

Sub- Description Data type M/O/C Access PDO Value
Index Mapping
0 Number of assigned | UNSIGNEDS8 M RwW No 0 - 254
RxPDOs
1-n PDO Mapping UNSIGNED16 C RW No 0x1600: RxPDO 1
object index of 0x1601: RxPDO 2
assigned RxPDO
0x17FF: RxPDO 512

5.6.7.4.10.4 Sync Manager Channel 3 (Process Data Input)

The Sync Manager Channel 3 (Process Data Input) object dictionar Ox1d13) is
speciffjed in Table 79.

Table 79 — Sync Manager Channel 3 (Process Da put)
Sub-| Description Data type M/O/C Access ] PBQ§ Value
IndeX \M in
0 Number of assigned | UNSIGNED8 M No \0}254
TxPDOs N X

(@)

1-n| | PDO Mapping UNSIGNED1 @ 0x1A00: TXPDO 1
object index of 0x1A01: TxPDO 2
assigned TxPDO

N

0x1BFF: TXPDO 512

5.6.7.4.10.5 Sync Mans

The Sync Manager Chan jechdictionary entry (index 0x1C14-0x1C2F) is specified in
Table|80.

c Manager Channel 4-32

Sub-| Description ata\tyé M/O/C Access PDO Value
Index g\ Mapping
0 W@ed UNSIGNEDS | O RW No 0 - 254

xPD

1-n PDO ap\p\mg UNSIGNED16 C RW No 0x1600: RxPDO 1
objectin of 0x1601: RxPDO 2
assigned P

0x17FF: RxPDO 512

OxTAO0O0: TxPDO 1
0x1A01: TxPDO 2

0x1BFF: TxPDO 512

5.6.7.4.11 Sync Manager Synchronization

The Sync Manager Synchronization object dictionary entry (index 0x1C30-0x1C4F) is specified
in Table 81.
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Table 81 — Sync Manager Synchronization

79—

Sub-
Index

Description

Data type M/O/C

PDO
Mapping

Access

Value

Number of
Synchronization
Parameters

UNSIGNEDS8 o}

R No

Synchronization
type

UNSIGNED16 o

RW No

+ 0: not synchronized

* 1: Synchron —
synchronized with AL
on this Sync Manager

Event

<. IJ\J DyIIbU =

zed with AL

syncHroni

s chronlzed with AL
of SM1

* 63: SyncSm31 —
synchronized with AL
of SM31

Event

Event

Event

Event

Event

Cycle time

UNSIGNED3<

No

time between two eve
ns

hts in

Shift time

UNSIGNED

time between related
event and the associa
action in ns

AL
ted

5.7
5.7.1
5.7.1.

The a

FrameType: 4;
unsigned Port: 4;
unsigned LastFragment: 1;
unsigned TimeAppended: 1;
unsigned TimeRequested: 1;
unsigned Reserved: 5;
unsigned FragmentNumber: 6;
unsigned CompleteSize: 6;
unsigned FrameNumber : 4;
} TEOEHEADER;
typedef struct
TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TEOEHEADER EoeHeader;
BYTE Data[MAX_ EOE_DATA_SIZE];

} TINIEOEREQ;

Figure 32 — EoE general structure

The Initiate EoE Request coding is specified in Table 82.
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Table 82 — Initiate EOE Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD N = 0x24+ y*0x20: Length of the Mailbox Service
Data (y = 0 to 0x2F)
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned2 0x00: lowest priority
0x03: highest priority f\
Type Unsigned4 0x02: EoE A N
Reserved Unsigned4 0x00 (\ \ \
EoE Hdader FrameType Unsigned4 0x01 \
Port Unsigned4 0x00: send to n spemor \/

0x01-0x0®&i\ p selected

Last Fragment Unsigned1 ath service is
ernet' frame is in the Data part
Time Appended nsigned : ‘n\e)st mp value will be appended dfter

p value will be appended afterf the
ta in the last fragment
Time Request signed Wtime stamp valueof the send time
requested
N | 01: time stamp valueof the send time requgsted
#eM b\sign d5
Fragment SW 0x00
N ber
A Co%pl\e&izg\/\ MgnedG (Complete Size of the Ethernet frame + 17)/32
\ \fﬁQe N\(ﬂ%r\_/ Unsigned4 Number of the Ethernet frame
EoE\Data BYTE[N-4] Ethernet frame (without Preamble, SFD, FCS) first
portion (N-4) octets (4 Octets less if TimeStamp

/\g N included)
) RN

Wamp Unsigned32 time of frame receipt, in ns starting at beginning of
DA

(optiondl

5.7.1.2 \Initiate EOE Response

The attribute types of Initiate EOE Response are described in Figure 33.

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TEOEHEADER EoeHeader;
TimeStamp Unsigned32;

} TINIEOERES;

Figure 33 — EoE Timestamp structure

The Initiate EOE Response coding is specified in Table 83.
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Table 83 — Initiate EOE Response

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD N = 0x08: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsigned4 0x02: EoE
Reserved Unsigned4 0x00 /\Q (\
EoE Hdader FrameType Unsigned4 0x03 \ \ \ >
Port Unsigned4 0x00: send to do W t\>
0x01-0xOEspecific wts elected
Last Fragment Unsigned1 0x00 \ \ )
Time Appended Unsigned1 070/1: time\stsa\Mue wh| be appended
Time Request Unsigned1 (&Wztiﬁst p vatdeof the send time
ested
A
Reserved %sﬁ\eog\ < \ \J )\/
Fragment Unsigne Ox \\/
Number
Complete Size L&Qsig ed \Q(bﬁ\/
Frané N}m\bj‘r/\\&@\'@ne}ﬁt\) ‘\N%ber of the Ethernet frame
TimeStarp Unsi w_/ time of frame send, in ns starting at beginning of
O DA
5.7.2 EoE Frag es
The attribute types o t Request are described in Figure 34.
S§ruc
MbxHeader;
CopHeader;
EoeHeader;
B Data [MAX EOE DATA SIZE];
} TEOEFRAGREQ;
Figure 34 — EoE Fragment Request structure

The EoE Fragment Request coding is specified in Table 84.
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Table 84 — EOE Fragment Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD N > 0x04: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority

0x03: highest priority

Type Unsigned4 0x02: EoE

Reserved Unsigned4 0x00

EoE Hdader FrameType Unsigned4 0x00 \ \ \ >

Port Unsigned4 0x00: send to do W t\>
0x01-0xOE/specific wts elegted

o%ﬁgE

Last Fragment Unsigned1 ragment service is

Ethernet frame

Time Appended nsigned : ‘Qe)st mp value will be appended dfter

p value will be appended afterf the
ta in the last fragment
Time Request signed Mtime stamp valueof the send time
requested
N | 01: time stamp valueof the send time requgsted

oo Ve

Off}ak \ XN MgnedG Offset of the Ethernet frame fragment

e

ragment SW 0x01-0x2F: fragment number of the Ethernet frame
N ber fragment

A\

\ \fﬁQe N\(ﬂ%r\_/ Unsigned4 Number of the Ethernet frame

EoE\Data BYTE[N-4] Ethernet frame (without Preamble, SFD, FCS) first
portion (N-4) octets (4 Octets less if Timestamp

/\g \\ included)
) RN

Wamp Unsigned32 time of frame receipt, in ns starting at beginning of
DA

(optiondl

5.7.3 Data element for EoE

The EoE Data coding is specified in Table 85.
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Table 85 — EoE Data

Frame part Data Field Data Type Value/Description
Ethernet Dest MAC BYTE[6] Destination MAC Address as specified in ISO/IEC
8802-3
Src MAC BYTE[6] Source MAC Address as specified in ISO/IEC 8802-
3
(optional) VLAN Tag BYTE[4] 0x81, 0x00 and two Octets Tag Control Information
as specified in IEEE 802.1Q
Ether Type BYTE[2] Assigned by IEEE
User Frame Data Userdata{octet-siring)-or-EcEparameter
Padding BYTE[n] Shall be inserted if DL PDU(is shorter than, 64
octets as specified in IS C 8802-
5.7.4 Set IP Parameter
5.7.4.1 Set IP Parameter Request
The aftribute types of Set IP Parameter Request are des

The c

typedef struct

TMBXHEADER
TCOPHEADER
TEOEHEADER
BYTE

} TEOEFRAGREQ;

Figuye

pding of Set IP Patame
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Table 86 — Set IP Parameter Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD N > 0x08: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority

0x03: highest priority

Type Unsigned4 0x02: EoE
Reserved Unsigned4 0x00
EoE Hdader FrameType Unsigned4 0x02

Port Unsigned4 0x00: send to do sp t
0x01-0x0F ecific [ﬁts ele ted

Last Fragment Unsigned1 0x01: \Da@}@ak \ )

Time Appended Unsigned1 0 0 no tim sta valu\eanl be appended

Time Request Unsigned1 (\Q%S)}ZU?\NM of the send time
es

Reserved %s@r\eog\

Fragment Number UrL\s»;gneEB\ Ox

Offset nsigneds {00 \

Frame Numpbeg U\\sign\e{m\ NO

EoE Pdrameter MAC |nc|u}m\ w LWM\J MC address according to ISO/IEC 8802-3

P addl'\és\%\erd ( nsig\Q}l\/ IP address according to IETF RFC 791

net\ylask |n>j\de\d \@%e@ Subnet mask according to IETF RFC 791

a t way Unsigned1 Default Gateway address according to IETF RFC
|nc| ded 791
ver \/}Jnsignem IP address of DNS server according to IETF RFC
clud 791
\ BNQ\Na i ud}d Unsigned1 DNS name according to IETF RFC 791

< %e\rved \ Unsigned26

(conditional) \AA%\\/ BYTEI6] MAC address according to ISO/IEC 8802-3

(conditional) \P\ad}ess BYTE[4] IP address according to IETF RFC 791

(conditional) Subnet Mask BYTE[4] Subnet mask according to IETF RFC 791 and|IETF
RFC 826

(conditional) Default Gateway BYTE[4] Default Gateway address according to IETF RFC
791

(conditional) DNS Server IP BYTE[4] IP address of DNS server according to IETF RFC

Address 791

(conditional) DNS Name char[32] DNS name according to IETF RFC 791
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5.7.4.2 Set IP Parameter Response

— 85 —

The attribute types of Set IP Parameter Response are described in Figure 36.

typedef struct

unsigned FrameType: 4;
unsigned Port: 4;
unsigned LastFragment: 1;
unsigned TimeAppended: 1;
unsigned TimeRequested: 1;
unsigned Reserved: 5;
unsigned Result: 16;
} TEOEPARAHEADER;
typedetf struct
TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TEOEPARAHEADER EoeHeader;

} TEOEFRAGREQ;

The c

Figure 36 — Set IP Parameter Response s
pding of Set IP Parameter Response is described in

Table 87 — Set IP Param er&es n

Frame part Data Field /D\ata Typg\( \\// /\ \AlgelDescription
Mailboy Header Length woﬁx Q ) q= Oxk@: L\ar(gtl}\(fthe Mailbox Service Data
Address WORD Station ,&b‘ﬁk-eséof the source, if a master is glient,
tation Address of the destination, if a slave is
(N chient
Channel /\ /] U}riign 6\ &go\éeserved for future)
Priorit \& Unsjgred? 00: lowest priority
\
/\ M 0x03: highest priority
M;/\ A Un}pnecm 0x02: EoE
ﬁ@% ed \ ~ \ynsigned4 0x00
EoE Hdader ?@mkl’}pg Unsigned4 0x03
\PBK \) Unsigned4 0x00: send to no specific port
(\ \ \ 0x01-0xO0F: specific ports selected
aéﬁ\%g\r}aént Unsigned1 0x01: last Data part
\'Q‘ne}ppended Unsigned1 0x00: no time stamp value will be appended
Time Request Unsigned1 0x00: no time stamp value of the send time
requested
Reserved Unsigned5
Result Unsigned16 See Table 88
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Table 88 — EoE Result Parameter
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result code meaning
0x0000 Success
0x0001 Unspecified Error
0x0002 Unsupported Frame Type
0x0201 No IP Support
0x0401 No Filter Support

5.7.5 Set Add

ress Filter

5.7.5.1 Set Address Filter Request

The aftribute types of Set Address Filter Request are described in Fi

}

typedef struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TEOEHEADER EoeHeader;

BYTE Data [MAX_ EOE D2
TEOEFRAGREQ;

Figure 37 — Set A

The cpding of Set Address Filter Request
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Table 89 — Set Address Filter Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD N > 0x06: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority

0x03: highest priority

Type Unsigned4 0x02: EoE

Reserved Unsigned4 0x00

A On
EoE Hdader FrameType Unsigned4 0x04 \ \ \ >

Port Unsigned4 0x00: send to do W t\>
0x01-0xOE/specific wts elegted

Last Fragment Unsigned1 0x01: t\Da@}aK \ )

Time Appended Unsigned1 070/0: no tim st\am{valu\exwill be appended

Time Request Unsigned1 (\(()QW}ZURNM of the send time
esfed
Reserved %s@r\eog\ A < \ \J )\/

Fragment Number UrL\s»;gneEB\ Ox

Offset nsigneds {00 \

Frame Nu \\sign\e{m\ Exqo

slave

U
EoE Pdrameter | MAC filter bount\[ | Unslygedd — |\Gdlnt of MAC address according to ISO/IEC p802-
[\/\ (\ 3 which are accepted by Ethernet Ports on this

/ﬁl filter mas W Count of MAC address masks according to IS|O/IEC
8802-3 which are combined with filter by Ethefrnet
/\ Ports on this slave

&Md \ )ZJnsigned1 Subnet mask according to IETF RFC 791

I}h\ibi Bk dcaé(\ Unsigned1 Filter Broadcast messages
\ M&\ \/ Unsigned8
(conditioné\ L f MAC\Address List of MAC address according to ISO/IEC 8802-3
BYTE[6]
(conditional) WMAC Address Iéi\itr?zf[e] MAC address according to ISO/IEC 8802-3

A set bit means that this address bit of Destirjation
MAC Address is compared with the corresponding
entry in the List of MAC Address.
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5.7.5.2 Set Address Filter Response

The attribute types of Set Address Filter Response are described in Figure 38.

typedef struct

unsigned FrameType: 4;
unsigned Port: 4;
unsigned LastFragment: 1;
unsigned TimeAppended: 1;
unsigned TimeRequested: 1;
unsigned Reserved: 5;
unsigned Result: 16;

} TEOEPARAHEADER;

typedetf struct

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TEOEPARAHEADER EoeHeader;

} TEOEFRAGREQ;

Figure 38 — Set Address Filter Response s
The cpding of Set Address Filter Response is described in

Table 90 — Set Address Fi ter(§es on

Frame part Data Field /D\ata Typﬁ\( \\// /\ \AlgelDescription
N\
Mailboy Header Length wo%x Q q= Oxk@: Mgtwthe Mailbox Service Data
Address WORD Station ,&b‘ﬁk-esgof the source, if a master is glient,
tation Address of the destination, if a slave is
(N client
Channel /\ /] U}Qign 6\ &go\éeserved for future)
Unsjgred? 00: lowest priority

Priorit \& b\/)){
/\ M 0x03: highest priority

M;/\ A Un?pnecm 0x02: EoE

eserved ~ nsigned4 0x00
B¢ S0 [isia

EoE Hdader ?@mkl’}pg Unsigned4 0x05

0x01-0xO0F: specific ports selected

\PBK\\\) Unsigned4 0x00: send to no specific port

aéﬁ\%g\r}aént Unsigned1 0x01: last Data part

\'Q‘ne}ppended Unsigned1 0x00: no time stamp value will be appended
Time Request Unsigned1 0x00: no time stamp value of the send time
requested
Reserved Unsigned5
Result Unsigned16 See Table 88

5.8 FoE Coding
5.8.1 Read Request

The attribute types of Read Request are described in Figure 39.
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typedef struct

BYTE
BYTE
} TFOEHEADER;

typedef struct

TMBXHEADER
TCOPHEADER
TFOEHEADER
DWORD
char

} TFOEREADREQ;

— 89 —

OpCode;
Reserved;

MbxHeader;

CopHeader;

FoeHeader;

Password;

FileName [MAX FILE NAME SIZE};

Figure 39 — Read Request structure

The FpE Read Request coding is specified in Table 91.

Table 91 — Read Request

Hrame part Data Field Data Type <Vahre\kﬂ{as\lp\ >
Mailboy Header Length WORD N > 0x06 th\of I*{eKMallb Serwce Data
Address WORD tatl s o a master is glient,
ion Ad the d tlnatlon if a slave is
Channel Unsigned6 (\{W@ésgﬁ’\ed f future)
Priority nsigoe N\ x00;.] weguz]n
\1{ Righest priority
Type l)Qsig edx ME

wed

FoE Hedader

Qpeode, (e

0x01: Read Request

Shall be zero

Read Header

Pa sword\j\ D

0: password unused

1-OXxFFFFFFFF: password

F\ne\Ne}ng N harin-6]

Name of the file to be read

5.8.2

The attribute-typ

rite Request are described

typedef struct

in Figure 40.

hoh¥danknl f\rﬂ p=| -
BYTE Reserved;
} TFOEHEADER;
typedef struct
TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TFOEHEADER FoeHeader;
DWORD Password;
char FileName [MAX FILE NAME SIZE};

} TFOEWRITEREQ;

Figure 40 — Write Request structure

The FoE Write Request coding is specified in Table 92.
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Table 92 — Write Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD N > 0x06: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsigned4 | 0x04: FoE (
Reserved Unsigned4 0x00 /\Q ) (\
FoE Header OpCode BYTE 0x02: Write Requesf\ \ \ >
Reserved BYTE Shmlbezem
Write Header Password DWORD 0: passwi nused
1 Wéﬁ&wk
File Name char[n-6] me of the \rs@ written

5.8.3

The a

The F

Data Request

PacketNo;

Data [MAX_DATA_SIZE};
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Table 93 — Data Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD N > 0x06: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsigned4 | 0x04: FoE (
Reserved Unsigned4 0x00 /\Q ) (\
FoE Header OpCode BYTE 0x03: Data Request \ \
Reserved BYTE Shall be zero ( \ \
Data Hader Packet Number | DWORD 1OFFFEPRRE \  \ 0\
Data BYTE[n-6] File data_ \

5.8.4 Ack Request

The a

The F

4%

ure
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Table 94 — Ack Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x06: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsigned4 0x04: FoE
Reserved Unsigned4 0x00 /\Q ) (\
FoE Header OpCode BYTE 0x04: Ack Request \ \ \ >
Reserved BYTE Shall be zero ( \ \
Ack Hepder Packet Number DWORD 0: ackno e
1-OxFEEF F:

5.8.5

The a

The F

Error Request

f Wi 'te\ﬁequ st
n%dgg of)Data Requesit
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Table 95 — Error Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD N >= 0x06: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel Unsigned6 0x00 (Reserved for future)
Priority Unsigned?2 0x00: lowest priority
0x03: highest priority
Type Unsigned4 | 0x04: FoE (
Reserved Unsigned4 0x00 /\Q ) (\
FoE Hdader OpCode BYTE 0x05: Error Request\ \ \ >
Reserved BYTE Shall be zero ( \ \
Error Hpader Error Code DWORD OFFFERRRE \  \ o\
Error Text char[n-6] Opti@a@a{d&p&n )

The efror codes of FoE are specified in Table 96

O

Table — Exror codes. of FoE
error code ( ~ n\m\aning
0x4000 Not defined NEWS
0x§001 Noboun i
0x§002 [ Rugess enied (NN~
0x§003 Qisk full> >
0x§004 Nitegal  \ N

0x§005

Pa et\\{mm@wg/

0x4

0x

Novaer >

0x4

N
\
006 \
\
N

> Bo\sttrap only

0x

009 A\

Wootstrap

0x4

No rights

0x

Program Error

5.8.6

Busy Request

The attribute types of Busy Request are described in Figure 44.
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typedef struct
BYTE OpCode;
BYTE Reserved;
} TFOEHEADER;

typedef struct

TMBXHEADER MbxHeader;

TCOPHEADER CopHeader;

TFOEHEADER FoeHeader;

WORD Done;

WORD Entire;

char BusyText [MAX BUSY TEXT SIZE};

} TFOEBUSYREQ;

The FpE Busy Request coding is specified in Table 97.

Table 97 — Busy Request

Hrame part Data Field Data Type Value\D¥c‘>\Q V

D

Mailboy Header Length WORD N >= 0xBs Le }ngMﬂb& Service Dat
st

Address WORD ion Addxes fthe source, if a master is glient,
atio ddre of 'the destination, if a slave is
/.\c |ent
Channel })ﬁ%{gnedﬂ %00 (I?(es{rv d for Juture)

Priority est prigrity

FoE Hdader (ép&dé\ E‘(FE 0x06: Busy Request

( R%ervedz \BKTE\/ Shall be zero
Busy Header /ﬁ%&ﬁ\/\ \ WO}D 0-100 (done in %) if entire zero
/\ ntire \ ORD If non zero gives an estimate what 100% means
E\us Text char[n-6] Optional busy description

6 FAL preto achines

6.1 Qverallstruc

6.1.1 |Ovérview

The FAL protocol state machine structure is as defined in Figure 45. The general structure is
according to the IEC 61158-6 subseries protocol machine model.
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FAL Service FAL Service
Reqg/Rsp Primitives Ind/Cnf Primitives

The b
servic

particilar AREP.

The T
behay

The F

The A

The O
protog

6.1.2

FSPM
A
ARPM Service ARPM Service
Reqg/Rsp Primitives Ind/Cnf Primitives
A
ARPM
4
DMPM Service DMPM Service
Reqg/Rsp Primitives Ind/Cnf Primitives
A
DMPM

ehavior of the FAL is specified by three integrated
e interface between the FAL services that are parto

ype 12 FAL provides a set of proto
or of the slaves.

ased/on the implicit addressing mechanis
ervice parameters to the ARPM.

Fieldbus Service Protocol Machines (FSPM)

is the
nd the

te the

b FAL

m and

e two

The F

SEM State Machines co-ordinate the underlying state_ machines used for process

ing of

the various services and application relations.

The FSPM basically is a mapping protocol machine. The main task is to pass the service to the
protocol machine responsible for that service and to forward confirmations and responses to
the user. In addition a basic redundancy control scheme is included in this machine that allows

to coll

6.1.3

aborate two AR into a single entity with higher availability.

Application Relationship Protocol Machines (ARPM)

The ARPMs are responsible for the individual service procedures execution. The overall
structure is shown in Figure 46. Process Data interaction is directly handled by DL and
controlled by ESM. There are various ways for the application to run mailbox protocols.


https://iecnorm.com/api/?name=2c99acfd1d99de16911f5812b820c971

- 96 - 61158-6-12 © IEC:2007(E)

FSPM

ESM CoE EoE FoE

MBX Handler A
: | \\
DMPM N\
Figure 46 — AR Protocol
6.1.4 |DLL Mapping Protocol Machines (DMPM
The DL Mapping Protocol Machines ( yer 2.
DMPM provides the coordination of & error
handling of the Data Link Layer UsageX\The\furctiols ‘are e DLL
services of Layer 2. The DMPM generz egessary Layer 2 parameters of the sgrvice,
receivies the confirmations and indications priate
DMPM-User.
6.2 AP-Context state
There|is no AP-Coxrtex!
NOTE [The AP Cont§> S
6.3 HAL service protq
The services
6.4 Application R
6.4.1 |AL
6.4.1.1 Description
ESM is tesponsible for the coordination of master and slave at start up and during opetfation.
State ehanges—are-mainhy-caused-by-interactionsbetwesnmasterand-slave—Fhey-areprmarily

related to writes to AL Control word.

After Initialization of DL and AL the machine enters the INIT State. The ‘Init’ state defines the
root of the communication relationship between the master and the slave in application layer.
No direct communication between the master and the slave on application layer is possible.
The master uses the ‘Init’ state to initialize a set of configuration register. If the slave supports
a mailbox, the corresponding sync manager configurations are also done in the ‘Init’ state.

The ‘Pre-Operational’ state can be entered if the settings of the mailbox have been done if the
slave supports the optional mailbox. Both the master and the slave can use the mailbox and
the appropriate protocols to exchange application specific initializations and parameters. No
process data communication is possible in this state.
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The ‘Safe-Operational’ state can be entered if the settings of the input buffer have been done if
the slave supports the inputs and the master requests inputs. The application of the slave shall
deliver actual input data without processing the output data. The real outputs of the slave shall
be set to their “safe state”.

The ‘Operational’ state can be entered if the settings of the output buffer have been done and
actual outputs have been delivered to the slave (provides outputs of the slave will be used).
The application of the slave shall deliver actual input data and the application of the master
shall provide output data.

In the optional ‘Bootstrap’ state the application of the slave shall be able to accept persistent

H al 1 al al whlatlo | | 4 1
settings—downtoaded-with-threFoEprotocotk:

The ESM defines four states, which shall be supported:

e Inif,

e Prg-Operational,

e Sgfe-Operational, and

e Operational.

All stgte changes are possible except for the ‘Init’ state ransition to the
Operagtional’ state is possible and for the ‘Pre-Op€ratiope where no direct state ¢

to ‘Opfrational’ exists.

Contr
shall

succe
respo

The B

purpo
active

ESMi

| register which results in a Regi S trol’ indication in the slave. The
respond to the change in AL Contr yhNa lgcal AL Status write service 3
5sful or a failed state\charge ed state change failed, the slavg
nd with the error flag'set.

ootstrap state i > 8 is only a transition from or to the Init state. Th
e of this @ i \ g ce’s firmware. In Bootstrap state the mail
t 2

but restricted te

5 specified

Pre-
hange

wmaster requests a write to the AL

slave
fter a
shall

only
ox is
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Init
| (IP) (PI)“ | (IB)l (BI)“
Pre-Operational Bootstrap
(O [ @s)| (SP)“ (51
(OP) Safe-Oper“ationaI (\
(SO)| (0S)

. NN
Operatlon/alf\
\/ﬂ

The Ipcal management services are refated to
Table[98. If there is more than one se vice@e ransition, the slave’s applicatipn will

process all of the related sexvices.

state transitign S > > local management service

IP \iWa%o\x C}fqm L}}cation

Pl /\ St&s\M;\NQox%;\mg] nication

PS §ta\rt %thpda«é

SP top ut Mpdate
< S0p Taput

N
sd (\ N Stér\t Output Update

0OS \ \ \S.Lg{e?Output Update

OR Stop Output Update, Stop Input Update

Sl Stop Input Update, Stop Mailbox Communication

Ol Stop Output Update, Stop Input Update, Stop Mailbox Communication
IB Start Bootstrap Mode

Bl Restart Device

6.4.1.2 ESM States
6.4.1.2.1 Init

The ‘Init’ state defines the root of the communication relationship between the master and the
slave in application layer. No direct communication between the master and the slave on
application layer is possible. The master uses the ‘Init’ state to initialize a set of configuration
register of the ESC. If the slave supports mailbox services, the corresponding sync manager
configurations are also done in the ‘Init’ state.
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6.4.1.2.2 Pre-Operational

— 990 —

In the ‘Pre-Operational’ state the mailbox is active if the slave supports the optional mailbox.
Both the master and the slave can use the mailbox and the appropriate protocols to exchange
application specific initializations and parameters. No process data communication is possible

in this state.

6.4.1.2.3 Safe-Operational

In the ‘Safe-Operational’ state the application of the slave shall deliver actual input data without
manipulating the output data. The outputs shall be set to their “safe state”.

6.4.1.2.4 Operational

In thsg

6.4.1.2.5 Bootstrap

In the

6.4.1.8 Primitive definitions
6.4.1.

Table
and re

‘Operational’ state the application of the slave shall deliver 2
applicption of the master shall deliver actual output data.

optional ‘Bootstrap’ state the application of the s
firmware downloaded with the FoE protocol.

datp and

ve Shall bewable\to accept g new

Primitive n4me

A%&l{teé\hmﬁers

Functions

AL State c@rex

Ak Sta s\/
Apphcatior Specific
\EJS{ us Zode

Refer to Service Definition Type 12
Fieldbus IEC 61158-5-12

N

AL Control.rgp(+

AL Stafe
tus Code

Refer to Service Definition Type 12
Fieldbus IEC 61158-5-12

L State
AL Status Code

AL c;o@.éz%\\»

Refer to Service Definition Type 12
Fieldbus IEC 61158-5-12

Table
received by.the

Table 100 — Primitives issued by DL to ESM

s.theservice primitives including their associated parameters issued by the DL

Primitive name

Associated parameters

Functions

AL Control.ind

AL Control State
Ack Flag

Refer to Service Definition Type 12

Fieldbus IEC 61158-5-12

6.4.1.3.2 Primitives exchanged between Application and ESM

Table 101 shows the service primitives including their associated parameters issued by the AL

and received by the ESM.
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Table 101 — Primitives issued by Application to ESM

Primitive name Associated parameters Functions
Stop Input Application stops update of process
data
SM Change Sync Manager Configuration change
(can be enabled/disabled locally or
issued by communication)

Table 102 shows the service primitives including their associated parameters issued by the
ESM received by the AL.

Table 102 - Primitives issued by ESM to Applicati

(AN
Primitive name Associated parameters (u}\é&qns\\ \

START MBX HANDLER Start Mgifbox Cammynigation
STOP MBX HANDLER Stop-Maiipox Comidriicatio

START INPUT HANDLER SéLQnMp&‘e\ x
N\

STOP INPUT HANDLER sw\pm\Update

START OUTPUT HANDLER B ( /S7art oﬁwth*pd@zé

STOP OUTPUT HANDLER /éto{b\utput pdate

N
6.4.1.8.3 Parameters of primitives

The pprameters used with the primitives e@ge tweéen the DL, ESM and the Application

are ddscribed in IEC 6115

6.4.1.4 ESM State Ta

Table[103 conta@e O

ption of the ESM state machine.
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Table 103 — ESM state table

# Current
State

Event
/ICondition
=>Action

Next State

1 INIT

AL_Control.ind (AL Control State, Ack Flag)

/AL_ERROR_FLAG =1 and .ACK_FLAG =0
=>

AL Control.rsp(-) (AL State, AL Status Code)

INIT

2 INIT

AL_Control.ind (AL Control State, Ack Flag)

INIT

HAEERRORFHEAGS="0or—ACKTF+tAS="=and
AL_CONTROL_STATE = STATE_INIT
=>

AL_ERROR_FLAG = 0

AL Control.rsp(+) (AL State, AL Status Code) (\

3 INIT

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_PREOP and
SM_SETTINGS_0_AND_1_MATCH

=>

if ERR_STATE == STATE_INIT) then AL_STAT CODE =
AL_ERROR_FLAG =0

AL_STATE = STATE_| PREOP

START_MBX_HANDLER

AL Control.rsp(+) (AL Stat atus Cod

EQP

4 INIT

AL_Control.ind (AL Control

INIT

5 INIT

STARR_MBX_HANDLER
No ol.rsp(+) (AL State, AL Status Code)

BOOT

6 INLE

AL_Control.ind (AL Control State, Ack Flag)

INIT

IMAL_ERRUR_FLAG = U O AUR_FLAG = T) ald

AL_CONTROL_STATE = STATE_BOOT and BOOT_SUPPORTED and not
SM_SETTINGS_0_AND_1_MATCH

=>

if (AL_STATUS_CODE == 0) then ERR_STATE = STATE_INIT,
AL_STATUS_CODE = 0x15

AL_ERROR_FLAG = 1

AL Control.rsp(-) (AL State, AL Status Code)
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Current
State

Event
/ICondition
=>Action

Next State

INIT

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_BOOT and not BOOT_SUPPORTED
=>

if (AL_STATUS_CODE == 0)

then ERR_STATE = STATE_INIT, AL_STATUS_CODE = 0x13
AL_ERROR_FLAG =1

INIT

Al _Control rcp( ) (Al Qfgfa‘ Al _Status f‘nrio)

INIT

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
(AL_CONTROL_STATE = STATE_SAFEOP OR
AL_CONTROL_STATE = STATE_OP)

=>

if (AL_STATUS_CODE == 0) then ERR_STATE = STATEXINIT,
AL_STATUS_CODE = 0x11

AL_ERROR_FLAG = 1

AL Control.rsp(-) (AL State, AL Status Code)

INLT:

INIT

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG =0 or ,
(AL_CONTROL_STATE =
=>

if (AL_STATUS_CODE == 0) t
AL_STATUS_CODE = 0x12
AL_ERROR_FLAG = 1

AL Control{s/p(\)\(AL/S'@te\

INIT

10

INIT

SM_Ch N

INIT

11

PREOP

L_ C ntfol.ind (AL Contro Mck Flag)

RR K_FLAG =0
&ol (+)YAL State, AL Status Code)

PREQP

12

PR 0»5\

tral.in Control State, Ack Flag)

OR_FLAG =0

AL STATE = STATE_INIT

STOP MBX_ HANDLER

Al Control rsp(+) (Al State Al Status Code)

INIT

13

PREOP

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_PREOP

=>

AL_ERROR_FLAG =0

AL Control.rsp(+) (AL State, AL Status Code)

PREOP
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Current
State

Event
/ICondition
=>Action

Next State

14

PREOP

AL_Control.ind (AL Control State, Ack Flag)
/(AL_ERROR_FLAG = 0 or .ACK_FLAG =1) and
AL_CONTROL_STATE = STATE_SAFEOP and
SM_SETTINGS_2_TO_n_MATCH and
SM_SETTINGS_OBJECT_SYNC_TYPE_MATCH and
INPUTS_AVAILBALE

=>

if (ERR_STATE == STATE_PREOP)

SAFEOP

then Al _QTATI IQ_("ﬁI‘H: =0
AL_ERROR_FLAG = 0
AL_STATE = STATE_SAFEOP
START_INPUT_HANDLER

Output_Running = FALSE
AL Control.rsp(+) (AL State, AL Status Code) <\

15

PREOP

AL_Control.ind (AL Control State, Ack Flag) \

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_SAFEOP and
SM_SETTINGS_2_TO_n_MATCH and
SM_SETTINGS_OBJECT_SYNC_TYPE_MA
not INPUTS_AVAILBALE
=>

if (AL_STATUS_CODE ==
AL_STATUS_CODE = 0x1
AL_ERROR_FLAG = 1

PREQP

16

PREOP

PREQP

17

PREO

/5

FLAG = 0 or .ACK_FLAG = 1) and
_STATE = STATE_SAFEOP and not
GS_2 TO_n_MATCH

if (Ab/STATUS_CODE == 0) then ERR_STATE = STATE_PREOP,
AL_STATUS_CODE = 0x17
AL_ERROR_FLAG = 1

PREQP

T EMERGENCY_SUPP Send EMCTYT)
AL Control.rsp(-) (AL State, AL Status Code)

18

PREOP

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
(AL_CONTROL_STATE = STATE_BOOT or
AL_CONTROL_STATE = STATE_OP)

=>

if (AL_STATUS_CODE == 0) then ERR_STATE = STATE_PREOP,
AL_STATUS_CODE = 0x11

AL_ERROR_FLAG = 1

AL Control.rsp(-) (AL State, AL Status Code)

PREOP
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# Current Event Next State
State /ICondition
=>Action
19 PREOP | AL_Control.ind (AL Control State, Ack Flag) PREOP
/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
(AL_ CONTROL STATE = unknownState)
=>
if (AL_STATUS_CODE == 0)
then ERR_STATE = STATE_PREOP, AL_STATUS_CODE = 0x12
AL_ERROR_FLAG =1
Al _Caontrol rcp( ) (Al Qfgfa‘ Al _Status f‘r\ria)
20 PREOP |SM_Chg PREQP
/SM_SETTINGS_0_AND_1_MATCH
=>
ignore /\
21 ||PREOP |sM_chg Nt
/not SM_SETTINGS_0_AND_1_MATCH
=>
AL_STATUS_CODE = 0x16
AL_ERROR_FLAG =1
AL_STATE = STATE_INIT
STOP_MBX_HANDLER
AL Status Changed.req (AL state, AL st?ﬂ’s\ @{7 A
22 || SAFEOP | AL_Control.ind (AL Cont ) ) SAFEoP
/AL_ERROR_FLAG =1 and : o =0
=>
AL Control.rsp(-) (AL State,(AL S}at\us Coude
23 || SAFEOP | AL_cControl.jnd (AL Contro smk@ INIT
24 SAFE<W oﬁ)@Control State, Ack Flag) PREQP
/( ERROR_FLAG = 0 or .ACK_FLAG = 1) and
_ TRO _STATE = STATE_PREOP and
S_0_AND_1_MATCH
OR_FLAG =0
AL STATE = STATE_PREOP
STOP_INPUT_HANDLER
AL Control.rsp(-+ (AL State, AL Status Code)
25 SAFEOP | AL_Control.ind (AL Control State, Ack Flag) SAFEOP

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_SAFEOP

=>

AL Control.rsp(+) (AL State, AL Status Code)
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Current
State

Event
/ICondition
=>Action

Next State

26

SAFEOP

AL_Control.ind (AL Control State, Ack Flag)
/(AL_ERROR_FLAG = 0 or ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_OP and
SM_SETTINGS_OBJECT_SYNC_TYPE_MATCH and
(Output_Running or WD disabled)

=>

if ERR_STATE == STATE_SAFEOP)

then AL_STATUS_CODE =0

OoP

AL ERRQOR FLAG =0

AL_STATE = STATE_OP
START_OUTPUT_HANDLER

AL Control.rsp(+) (AL State, AL Status Code)

27

SAFEOP

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG =0 or . ACK_FLAG =1) and
(AL_CONTROL_STATE = STATE_OP ) and
SM_SETTINGS_OBJECT_SYNC_TYPE_MATCH a
not WD disabled

=>

if (AL_STATUS_CODE == 0) then ERR_STAJE =
AL_STATUS_CODE = 0x19

AL_ERROR_FLAG = 1
AL Control.rsp(-) (AL Stat<°\L\S@t Cod

\@EOP

28

SAFEOP

PREQP

29

SAFE

\@Control State, Ack Flag)
_FLAG = 0 or .ACK_FLAG = 1) and

_STATE = STATE_BOOT

it (AL \STATUS_CODE == 0) then ERR_STATE = STATE_SAFEOP,
STATUS_CODE = 0x11
AL_ERROR_FLAG = 1

AL Control.rsp(-) (AL State, AL Status Code)

SAFHOP

30

SAFEOP

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
(AL_CONTROL_STATE = unknownState)

=>

if (AL_STATUS_CODE == 0) then ERR_STATE = STATE_SAFEOP,
AL_STATUS_CODE = 0x12

AL_ERROR_FLAG =1

AL Control.rsp(-) (AL State, AL Status Code)

SAFEOP

31

SAFEOP

SM_Chg

/ SM_SETTINGS_O_AND_1_MATCH and SM_SETTINGS_2_TO_n_MATCH
=>

ignore

SAFEOP
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# Current Event Next State
State /Condition
=>Action
32 SAFEOP | SM_Chg PREOP
/ SM_SETTINGS_0_AND_1_MATCH and not SM_SETTINGS_2_TO_n_MATCH
=>
AL_STATUS_CODE = 0x17
AL_ERROR_FLAG =1
AL_STATE = STATE_PREOP
STOP_INPUT_HANDLER
Al _Status f‘h:ngar{ reg (Al cfnfn’ Al _staus rnria)
33 SAFEOP |SM_Chg INIT
/not SM_SETTINGS_0_AND_1_MATCH
=>
AL_STATUS_CODE = 0x16
AL_ERROR_FLAG =1
AL_STATE = STATE_INIT
STOP_INPUT_HANDLER
STOP_MBX_HANDLER
AL Status Changed.req (AL state, AL staus code) \
34 || SAFEOP |Stop_Inp O\ N\ PREQP
=>
AL_STATUS_CODE = 0x18
AL_ERROR_FLAG =1
AL_STATE = STATE_PREOQ, C)
STOP_INPUT_HANDLER
AL Status Changed.req (AL state, ML staus &ode)
35 SAFEOP | Output event SAFHOP
=>
Output_Running = TRUE (\
36 OP AL_Controf.ind atm Flag OP
/AL_ER G 5/0
=>
Wnt l.rsp(-)
37 |lop Ab_€c i INIT
38 QP AL_Control.ind (AL Control State, Ack Flag) PREQP

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_PREOP

=>

AL_ERROR_FLAG =0

AL_STATE = STATE_PREOP
STOP_INPUT_HANDLER
STOP_OUTPUT_HANDLER

AL Control.rsp(+) (AL State, AL Status Code)
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Current
State

Event
/ICondition
=>Action

Next State

39

OoP

AL_Control.ind (AL Control State, Ack Flag)
/(AL ERROR_FLAG =0 or .ACK_FLAG = 1) and
AL_ CONTROL STATE = STATE_SAFEOP and
SM_SETTINGS_OBJECT_SYNC_TYPE_MATCH
=>

AL_ERROR_FLAG =0

AL_STATE = STATE_SAFEOP
STOP_OUTPUT_HANDLER

SAFEOP

Quiput Running=FALSE
e =)

AL Control.rsp(+) (AL State, AL Status Code) (\

40

OoP

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_OP and
SM_SETTINGS_OBJECT_SYNC_TYPE_MATCH
=>

AL_ERROR_FLAG =0

AL Control.rsp(+) (AL State, AL Status Code)

41

OoP

AL_Control.ind (AL Control State, Ack Flag) \/

(AL_CONTROL_ STATE g
AL_CONTROL_STATE = S

INIT

42

\Vs/tate Ack Flag)

f ACK_FLAG = 1) and

\A~|\c:on ol.rsp(-) (AL State, AL Status Code)

OoP

43

AL_Control.ind (AL Control State, Ack Flag)

LLAL ERDRDODR LI AC — 0O ALK LDl AC — 4\ <l

OoP

LA/~ —1 B Y 3 i = A=A NECY B 4 B W = s = ahe

(AL_CONTROL_STATE = unknownState)

=>

if (AL_STATUS_CODE == 0) then ERR_STATE = STATE_OP,
AL_STATUS_CODE = 0x12

AL_ERROR_FLAG = 1

AL Control.rsp(-) (AL State, AL Status Code)

44

OoP

SM_Chg
/ SM_SETTINGS_0_AND_1_MATCH and SM_SETTINGS_2_TO_n_MATCH

=>

ignore

OoP
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Current
State

Event
/ICondition
=>Action

Next State

45

OoP

SM_Chg

/ SM_SETTINGS_0_AND_1_MATCH and not SM_SETTINGS_2_TO_n_MATCH
=>

AL_STATUS_CODE = 0x17

AL_ERROR_FLAG = 1

AL_STATE = STATE_PREOP

STOP_OUTPUT_HANDLER

STOP_INPUT_HANDLER

PREOP

AL Status Changed.req (AL state, AL staus code) /TN

46

OoP

SM_Chg
/not SM_SETTINGS_0_AND_1_MATCH
=>

AL_STATUS_CODE = 0x16
AL_ERROR_FLAG = 1
AL_STATE = STATE_INIT
STOP_OUTPUT_HANDLER
STOP_INPUT_HANDLER
STOP_MBX_HANDLER

AL Status Changed.req (AL state, AL staus C(ye/)_\

MNHT

47

OoP

Stop_Inp \/

=>
AL_STATUS_CODE = 0x18 G
AL_ERROR_FLAG =1

AL_STATE = STATE_PRE

STOP_OUTPUT_HANDLER

STOP_INPUT_HANDLER

AL Status Changed.req (AL state(-Aksta de)

PREQP

48

OoP

Output eve Q

=>

Trigger WD
&Quts

Update

OoP

49

OoP

SAFHOP

50

BOOT

51

BOOT

AL_Control.ind (AL Control State, Ack Flag)

INIT

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_INIT

=>

AL_ERROR_FLAG =0

AL_STATE = STATE_INIT
STOP_MBX_HANDLER

AL Control.rsp(+) (AL State, AL Status Code)

52

BOOT

AL_Control.ind (AL Control State, Ack Flag)

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
AL_CONTROL_STATE = STATE_BOOT

=>

AL_ERROR_FLAG =0

AL Control.rsp(+) (AL State, AL Status Code)

BOOT
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# Current Event Next State
State /ICondition
=>Action
53 BOOT AL_Control.ind (AL Control State, Ack Flag) BOOT

/(AL ERROR_FLAG =0 or .ACK_FLAG = 1) and

(AL_ CONTROL_STATE = STATE_PREOP or
AL_CONTROL_STATE = STATE_SAFEOP or
AL_CONTROL_STATE = STATE_OP)

=>

if (AL_STATUS_CODE ==

then ERR_STATE = STATE_BOOT, AL_STATUS_CODE = 0x11
AL ERROR FLAG =1

AL Control.rsp(-) (AL State, AL Status Code) (\

54 BOOT AL_Control.ind (AL Control State, Ack Flag) ooT

/(AL_ERROR_FLAG = 0 or .ACK_FLAG = 1) and
(AL_CONTROL_STATE = unknownState)

=>

if (AL_STATUS_CODE == 0) then ERR_STATE = STATE_BOOT,
AL_STATUS_CODE = 0x12

AL_ERROR_FLAG = 1

AL Control.rsp(-) (AL State, AL Status Code)

55 |[BooT |sM_chg \) BoOT
/SM_SETTINGS_0_AND_1 C)
=>
ignore

56 ||BOOT |SM_Chg INIT
/not SM_SETTINGS_0_AN

, Al staus code)

6.4.1.
The F i i specified in Table 104.
Table 104 — ESM Functions
Name Function

SM_Chp Event service of DL to indicate a change in the SM
settings

Stop Inp Local Function of AL o disable Tnput Update

Output event Event that indicates arrival of new output data

WD expired local WD is ecpired

SM_SETTINGS_OBJECT_SYNC_TYPE_MATCH | local function that checks requested Synchronization
settings with local properties

6.4.2 Mailbox handler state machine
6.4.2.1 Description
The mailbox handler is responsible for the coordination of master and slave regarding mailbox

operation. Mailbox writes are forwarded to the specific machines and responses will be put to
the read mailbox.
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As there is no specific state orientated service, there is no state table.

The tasks or the mailbox handler are

mapping of write mailbox services to protocol handler
queuing of service request to read mailbox
confirming transmittal of read mailbox.

The Protocol handler can be

CoE state machine

EqE state machine
FgE state machine
profile specific state machine.

6.4.2.2 Primitives exchanged between DL, Mailbox handler 4

Table| 105 shows the service primitives including their assovsiated ¥
Mailbgx handler and received by the DL.

Table 105 — Primitives issued bym :
g 1L 0) ¥

Primitive name Asso{l/a\e\d p ete>s

Mailbox Read Upd.req Length RWervice Definition Type 12
Address Fiel IEC 61158-3
Channe
Priority
Type
(\ ?%EV'\C*\D ta
N\
N \)

Table|106 shows the srvi
received by the l@

le

Dy the

unctions

Mcluding their associated parameters issued by the DL

issued by DL to Mailbox handler

Associated parameters Functions
Length Refer to Service Definition Type 12
Address Fieldbus IEC 61158-3
Channel
Priority
Type

Service Data

Mailbox Read Upd.cnf success Refer to Service Definition Type 12
Fieldbus IEC 61158-3

Table 107 shows the service primitives including their associated parameters issued by the
Protocol handler and received by the Mailbox handler. The TYPE prefix is derived from type
parameter of the corresponding DL service primitive.

Table 107 — Primitives issued by Protocol handler to Mailbox handler

Primitive name Associated parameters Functions
TYPE Mailbox Read Upd.req |Length Refer to Mailbox Read Upd Service
Address Definition Type 12 Fieldbus IEC
Channel 61158-3
Priority
Service Data
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