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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Real-time Ethernet SERCOS lli

FOREWORD

1) The lnternationa e otechnica ommission is a worldwide organization fo andardization con prising
all |national electrotechnical committees (IEC National Committees). The object is to,.promote
intefnational co-operation on all questions concerning standardization in the electricall and electronic, figlds. To
this| end and in addition to other activities, IEC publishes International Standards pecifications
Technical Reports, Publicly Available Specifications (PAS) and Guides (hgfeafter (refe ds “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any | 3 inferested
in the subject dealt with may participate in this preparatory work. Intern d non-
governmental organizations liaising with the IEC also participate in this preg closely
witH the International Organization for Standardization (ISO) in accordance v ned by
agréement between the two organizations.

2) Thelformal decisions or agreements of IEC on technical matters ex , as s possjble, an interpational
conpensus of opinion on the relevant subjects since each techni presentation from all
intefested IEC National Committees.

3) IEC| Publications have the form of recommendations for infernati S ccepted by IEC National
Committees in that sense. While all reasonable efforts axe\made e technical content of IEC
Publications is accurate, IEC cannot be e in which they are used or for any
mis|nterpretation by any end user.

4) In grder to promote international uniformity R dertake to apply IEC Publ|cations
transparently to the maximum extent possible in ¢ ggional publications. Any divg¢rgence
between any IEC Publication and the corresponding natj glonal publication shall be clearly indi¢ated in
the Jatter

5) IEC| provides no marking pre indj ahd cannot be rendered responsible for any
equjpment declared to be i i 0

6) All yisers should ensure that th

7) No Jiability shall attach f[oNEC 0 rts and
mermbers of its technical com hage or
oth¢r damage o bs) and
expenses arising er |[EC
Publications.

8) Attgntion is drawn t S i °s C|ted |n this publication. Use of the referenced publicdtions is
indippensable for¢the o

The Internationa hpliance

with this| dogd

The Interest GroupSERCO
German Publication Nulber DE 102 37 097 A1.

IEC takes no.position concerning the evidence, validity and scope of this patent right.

The holdero s pate g as d ored S e a eTs—withmg—tomegotiatetice eS urnae eagsomabte—and non-

discriminatory terms and conditions with applicants throughout the world. In this respect, the statement of the holder

of this patent right is registered with IEC. Information may be obtained from:

Bosch Rexroth Electric Drives and Controls GmbH
Birgem.-Dr.-Nebel-Str.2
97816 Lohr, Germany

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights

other than those identified above. IEC shall not be held responsible for identifying any or all such patent rights.

A PAS is a technical specification not fulfilling the requirements for a standard but
available to the public .

made

IEC-PAS 62410 has been processed by subcommittee 65C: Digital communications, of IEC

technical committee 65: Industrial-process measurement and control.
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The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
65C/358/NP 65C/374/RVN

Following publication of this PAS, the technical committee or subcommittee concerned will
transform it into an International Standard.

It is interTdedtatthecomntentof this PAS wittbe-mcorporated—m thefuture mew editiorrs]of the
various parts of the IEC 61158 series and IEC 61784 series according to the structure of
these[series.

d from
it shall

This PAS shall remain valid for an initial maximum period of
2005-p8. The validity may be extended for a single three-year fexi
be reyised to become another type of normative document or s
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INTRODUCTION

This PAS relates to the integration of SERCOS Ill fieldbus specification in future editions of
IEC 61158 and IEC 61784 series.

It shows in various clauses what updates are required in each of these individual standards.
All definitions, abbreviations and symbols that relate to SERCOS IIl appear together in
Section F, which belongs to the updates of IEC 61784-2, as a temporary fix.

NOTE 1 Some sections of this PAS still refer to IEC 61491. As it has been decided to split this standard into

future IEC 61800 series, under consideration, (power drlve systems) and IEC 61158/61784 serles (communication)

accord + Lo l20L /DO £ + +th + II k taocllat &l |th the
¥-to—65CI3E65HRO—+eferences—to—these—rRew-standards—w reefpotratedtaterer—acecordanee

relevanft SCZZG and SC65C working groups.

NOTE 2 For the reader who is unfamiliar with SERCOS interfaces, 17.3 of Section F can
specifiq details which follow in later clauses.

NOTE A temporary "Type S" has been allocated for SERCOS IlI.

a(prefack to the

The SERCOS/CPF16 standard structure is described in the tab{e b

IEC 61784-1 Communication profiles CP16/1 and CP16/2.
(new edition)

CP16/1 fits to the existing SERCOS specificdtion
61491 2002 (fibre optlc media, 2 and 4 M iths). IEC 61491 ew

to CP16/1 in IEC 61784-1 afte relea
according to this structure ropo al’

4, 8 and 16 Mbit/s), which is dow,
61491 2002( P1 6/1) while pec

IEC 61784-2 (1** | Commu ca iox_profiles \)\/
edition

thernet SERCOS Defined in the PAS.
patlble to IEC 61491:2002
ifying additional

IEC 61158-2 ica\ layer specgification for all CPF16 profiles (Type not yet known)
(new edition)
&Wmﬁanons for CP16/1 and CP16/2

pe specifications for CP16/3 Defined in the PAS
IEC 61158-3 Data Link layer service specification for all CPF16 profiles
(new editien) (Type not yet known)

Type specifications for CP16/1 and CP16/2

Type specifications for CP16/3 Defined in the PAS
IEC 61158-4 Data Link layer protocol specification for all CPF16 profiles
(new edition) (Type not yet known)

Type specifications for CP16/1 and CP16/2

Type specifications for CP16/3 Defined in the PAS
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IEC 61158-5
(new edition)

Application Link layer service specification for all CPF16 profiles
(Type not yet known)

Type specifications for CP16/1 and CP16/2

Type specifications for CP16/3 Defined in the PAS

IEC 61158-6
(new edition)

Application Link layer protocol specification for all CPF16 profiles
(Type not yet known)

I'ype specinications tor CFP1o/1 and CF1o/Z

Type specifications for CP16/3 (e\‘i&ve in theNRAS
AN

%

¥
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Section A — Update of IEC 61158-2

0 Introduction

0.5 Major Physical Layer variations specified in IEC 61158-2
0.5.1 Type S: optical media and twisted-pair wire
Type S specifies the following synchronous transmission:

a) optical fibre medium, at 2, 4, 8 and 16 Mbit/s;
b) tw e - it
c) optical fibre medium, at 100 Mbit/s, according to ISO/IEC 8802-3 — 1(]

2 Normative references

IEC 6[L491:2002, Electrical equipment of industrial machines
commpnication between controls and drives.

ISO/IEC 8802-3:2001, Information technology Qns and
exchahge between systems — Local and metropollta ar
Part 3 i

Physigal Layer specifications.

29 Type S: Medium Attachme

29.1 | Transfer medium

29.1.1] Basics

The physical la 0
transmission mo
29.1.2

29.1.2.

A SER \ A
(trep, NP e topology consists of point-to-point transmission
participants.
connelction line"bet

een the participants is a shielded CAT5 (or better) cable.

Each participant has two communication ports (port 1 and port 2). Port 1 (P1) and port

he masterand the slaves are part of the network and are its participants.

|[-time

information

line

Ents —
d and

FX

n the
it/s.

y time
5 and
The

D (P2)

are interchangeable (see slave 3 in Figure 1 and Figure 2 for an example).

The topology can be either a ring structure or a line structure. A ring has two logical channels

(see Figure 1) and a line has only one logical channel (see Figure 2).

The difference between ring and line structure is that the ring has a built-in redundancy

against transmission media errors (e.g. cable break) and is therefore preferred.

A control unit may have one or more master interfaces depending on configuration. Each

master handles only one network on the physical layer.
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Slave interfaces are used to connect the devices to the network. At the physical layer, a slave
represents the connection of one or more devices to the network. Logically, one slave with
several devices acts the same as several slaves with each one device. The slaves are
connected to each other physically through the network. Communication takes place between
the master and the slaves; cross communication between the slaves is also supported.

The physical arrangement of slaves in the network is independent from the predefined device
address ADR for the slave, as well as from the sequence of the real-time data fields in the AT
and MDT. See 33.3.2 “Device address ADR” in IEC 61158-4, as well as 16.2 “Data transfer in
RT channel” in IEC 61158-5.

Any slave can recognize the topology at any time, since there is a distinctioh~hetween prlmary
and secondary telegrams. This is important when a slave is added to th i n at a
later point in time (hot plug). When a slave receives telegrams with th 5 type
on both ports (MDTO-P or MDTO-S) it recognizes a line. When it reCe n one
port ahd a MDTO-S on the other port, it recognizes a ring.

29.1.4.2 Ring structure

arding
s also

The ripg structure consists of a primary and secondar
mode |(see Figure 1). Redundancy against cable brea
possiljle to open the ring and insert/remove slaves

= primary channel

secondary channﬁ\

N \

nd P2Jare interchangeable

processing

processing

slave

P1 2 };W P2 P2 P1

slgve \ ave 2 slave 3

Figure 1 — Ring structure

29.1.2.3 Line structure

The line structure consists of either a primary or secondary channel. The last physical slave
performs the loopback function. This is shown in Figure 2 with the loopback of slave 3. All
other slaves work in forwarding mode. No redundancy against cable break is achieved. It is
also possible to insert and remove slaves during operation (hot plug). This is restricted to the
last physical slave. The ports which are not used for SERCOS communication (e.g., master
port 2 and slave 3 port 1) can be used with IP communication. The master may communicate
with slaves using two lines.


https://iecnorm.com/api/?name=a26f97401833ed8c4e21e3d441c8dede

PAS 6

2410 © IEC:2005(E) -9-

TxD

master P1 = Portl
P2 = Port2

RxD

P1 P2

master

P1 and P2 are interchangeable

processin

vy 3y 3 AL _Sn@

P1 P2 P1 P2 P2 P1
loophlack
slaye 1 slave 2 slave 3
N >
g
slave 3
29.1.4.4 Transmission media
29.1.2.4.1 Transmission medium
The characteristics of th nsure

maxinjum noise immunity

SERC
that sf

29.1.4.4.

The ¢

29.2
29.2.1

Maste)
unit a

OS devices sha
andard ca

r and slave have the same hardware properties. Each port is assigned to a proc
nd‘a multiplexer (see Figure 3). The functions in the master and the slave depend

hge is

pssing
pbn the

topol

g\yl and antha tima clat vwithin tha cammimicatin C”C!e (DT channal o1 channal

o OOt et T T e o ToO Ty e Tt e S o T T oT oot roT y (T oo meTo crorTTe Ty .
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: P1-->P2
processing P> MUX
RxD —P»| unitP1 p2 —»TxD
—»>
Port 1 Loopback P1
Loopback P2 Port 2
<
MUX Inmr-pcqing
O 4—— P1 P unit P2 [—
P1<--P2

Figure 3 — Block diagram of master and

29.2.1 Forwarding

nge to TxO (P2).
! TxD (P1). See
Wiile the RT charlnel is
e IP channel is active,
er at once or later in time,

In the|slave, the data from RxD (P1) shall be passed
The data from RxD (P2) shall be passed on wi
“Forwarding P1 — P2” and “Forwarding P2 —
active] the data shall be passed o
forwafding shall always be active and
depending upon communication load.

In the| master, forwarding shall always ile the RT channel is active.|While

the IP|channel is active, fopwnarding

e switched off if the
cohnected) or to an exokf

e activated if i S two independent lines or to a faulty ring
copfiguration. ster's functionality, the telegrams may be pasded on

either at once ordatenin ti
I:l |:| | Forwarding: P1-->P2 >

sihgle line configuration (only P1 or|P2 is

processing fb———pp MUX
unit P1 P> L TxD
Portt Port 2
MUX -
processing
TxD <— P1 unit P2 4— RxD
-

< Forwarding: P1<--P2 | |:| I:l

Figure 4 — Forwarding
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29.2.3 Loopback

In the slave, the data from RxD (P1 or P2) shall be passed on with or without change to TxD
(P1 and P2). Loopback may be activated either at P1 or P2 depending on the topology, but
not at both ports simultaneously. The states are called “loopback P1", respectively “loopback
P2". See Figure 5. While the IP channel is active, loopback shall never be active. While the
RT channel is active, the slave shall activate loopback in the following (and only in those)
cases:

e during CPO, as soon as an MDTO has been received at a port (P1 or P2), but only as long
as no MDTO has been received at the other port;

e whenthe slave is the last phyqiral ane in the line fnpnlngy'

e when a cable fault is detected.

The master shall have no loopback functionality.

I:l |:| | Forwarding: Pl-->%

processing N
RxD —{ unitP1 /M%X B
Port 1 Loopback P1 Port 2
processing

D unit P2 [«— RxD
29.2.4
Slave$ wi Vi ddre s.0’and 255 shall also behave as described in 29.2.2 and 39.2.3.
They $hé S 3 IDTO in the same matter as the slaves with other addresses.

29.2.5 dancy\of RT-Communication with ring topology

29.2.5.1 Ring topology without fault

Figure 6 shows an error free ring topology. The master shall send all telegrams with the same
content on the P channel and on the S channel. Each slave shall receive both telegrams, work
on the assigned data fields in P und S channel, and pass them on in their respective
channels. Likewise, the master shall receive the telegrams from the slaves twice and process
the data from the slave only once (either P or S channel).
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P1-->P2

S-Channel processing » MUX
RxD —» unitP1 P2 TxD

Port 1

A

A 4

Master Port 2
P-Channel MUX processing
TxD Pl unit P2 |«¢— RxD <
P1<--P2
[ — —  P1>P2
— p:uugssnng MUX processing =
P RxD —P{ unit P1 py ——»TxD p{ RXD —P» unit P1 po —» XD

Slave 1 Slave 2
Port 1 Port 2 Port 1 POt 2
MUX - M i
processing phacessing:
D <—|E‘ unitP2  [¢—RD ¢——— TXD 4—T PLN N [3— R |«
al
P1<--P2 | e
AN

\, AN
Figure 6 — Ring topology example 5 a\ew

29.2.4.2 Cable faults between slaves

29.2.5.2.1 Case 1: Double channeNnteruption\bet 0 slaves
Figurg 7 shows a first example of a faytty ring topology\Slave 1 shall detect an interrupfion at
RxD df port 2 and close loopback at pqgrt 1 all detect an interruption at RxD ¢f port
1 and|close loopback at p . ivé the telegrams from slave 1 at|port 1

P1-->P2

-Chanyel progessing
MUX
A R S M ™0

\/ ¢
@ Master Port 2
/\ Chahpél MUX Srotessg
\ PTXD P1 unit P2 |«€— RXD <
—->p2

B P1-->P2 —
processin P processing a N
) MUX ¢
RXD» =P unit P1 \ p2 [——»TxD 4/ / —p{ RXD —{ unitP1 /-> MPUZX —— TXD |
Slave JJ Slave 2
Port 1 Loopbaf Port 1
Port 2 Loopbhck P2 Port 2
D processing MUX rocessing
X unitP2  |[@—RxD <~ D Pl unitP2  |€—RxD €¢—
P1<--P2 P1<-R2

Figure 7 — Double channel interruption between two slaves (example)

29.2.5.2.2 Case 2: Single channel interruption between two slaves

Figure 8 shows another faulty ring topology example. Slave 1 shall detect an interruption at
RxD of port 1 and close loopback at port 2. The master shall receive the telegrams from all
slaves at port 1. At port 2, the master receives the telegrams from slave 2 in addition.
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. P1->P2
S-Channel processing > MUX
P RXD —» unit P1 P2 TXD
Port 1 Master Port 2
P-Channel MUX processing
TxD Pl unit P2 |[«— RxD <
P1<--P2
P1-->p2 —_—  P1->P>
pluL?Sﬂlg MUX processing
RXD —P»| unit P1 py ——PTxD —p| RxD —»{ unitP1 = |
Slave 1 Slave 2
Port 1 Port 2 Port 1
Deophy
MUX - -
processing rocessing
TxD Q—E‘ unitP2 |€¢—RXD ¢———————{TXD P1 &nit
<
P1<--P2 A
R |

29.2.4.3 Cable faults between master and
29.2.4.3.1 Case 1: Double channeNnteru ster and slave
Figurg 9 shows another faulty ring /tfopolog example. Slave 1 shall detgct an
interryption at RxD of port 1 and clpse port 2. The master shall detgct an
interryption at RxD of por e telegrams from all slaves at[port 2
only.
Sk B
& ’ Master port2
P- nne MUX .
x o
\\> P1<--P2
_ P1-->P2 P1-->P2
processing B processing MIIX
RxD Tt Pt P2 — 5D P RXO —P  unter p2 ——» TxD
Slave 1 Slave 2
Port 1 Port 2 Port 1 Port 2
Loopback P2
MUX . MUX -
<—| g o a—ro e vo «—l o [0 «—
Pic\ez N piep2
S

Figure 9 — Double channel interruption between the master and a slave (example)
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29.2.5.3.2 Case 2: Single channel interruption between master output and slave

Figure 10 shows another faulty ring topology example. Slave 1 shall detect an interruption at

RxD of port 1 and close loopback at port 2. The master shall receive the telegrams from all
slaves twice.

. P1-->P2
S-Channel processing MUX
P RxD —P»{ unit P1 P2 TXD
port1 Master Port 2
P-Channel MUX -
processing
/ // ™™ 44— P | unitP2  |4— RxD <
™ P1<p2 | < \
_ P1-->P2 Y4 \Q\fz
processing processing
; MUX € P Ux
RXD —{ unitP1 by F——»TxD »| RxD _’/\@\ \ 5 » TxD |
Slave 1 ve 2
Port1 Port 2 ort 1 Port 2
Loopback P2
TxD MPUlX ocessing MU processing
h unit P2 PLI unit P2 [4—RxD 4
Pz 4 j 7 piep2 |
S

29.2.5 tween master input and slave
Figurg xamiple. The master shall detect an interruption
at RxL

processing
unit P1

TxD

Master Port 2
h MUX processing
™D PL unit P2 |[¢— RxD <
\/ P1<-P2 |
- PL-P2 | P1->P2
processing processing
»| R0 —p unitP1 M »To p|RxD —p| unitP1 M D
Slave 1 Slave 2
Port 1 Port 2 Port 1 Port 2
MUX - MUX -
processing processing
™D unitP2  |[€¢—RxD 4————| TXD unit P2 [€—RxD €—
P1<--P2 P1<--P2

Figure 11 — Single channel interruption at master input (example)
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29.2.6 |P communication mechanisms

29.2.6.1  Slaves within aline or aring

Should a slave receive a telegram while IP channel is active and as it is transmitting an IP
telegram, the currently transmitted IP telegram shall not be interrupted and the incoming

telegram shall be stored.

Slaves shall always send their own IP telegrams on both ports (P1 and P2). The following

conditions shall all be met before doing it:

e when it is forwarding a telegram, the slave shall wait that this telegram has been fully

folwarded;

e thé remaining IP channel duration is long enough to fully transmit it alegrany;

e itsfmemory has enough free capacity for storing at least one
with maximum length.

Shoulfd a slave receive an MDTO while it is sending an IP tele
interrypt this sending and forward the MDTO.

29.2.4.2 Slave in the last position within a line

Althod
telegr
that th
Other
telegr
provid

liately

m(Lng IP
’ vided
ly transmit this IP telggram.
ng IP
pgain,
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Section B — Update of IEC 61158-3

1 Scope and object

1.1 Overview

Type S — A DL-service which provides a superset of those services expected of OSI Data
Link Protocols as specified in ISO/IEC 8886.

2 Normative references

IEC 6[L491:2002, Electrical equipment of industrial machines - Serial da for~real-time

commpnication between controls and drives.

ISO/IFC 8802-3:2001, Information technology - Telecommun
exchahge between systems - Local and metropolitan area networ
Part 3: Carrier sense multiple access with collision detection (G
Physi¢al Layer specifications.

21 Type S: Data Link concepts, services 3

21.1 | Data transfer and data link lgye
21.1.] General

In thig s are

SERCIOS header specifies two sub ¢ty
e Master data g
e Daqgvice telegﬁ}
Furthermore, 1SQ
21.1.2
21.1.2.1
Real-fime telegre e (RT

channfel). ARey transport mainly command values and actual values. SERCOS defings two
types lof#eal-time telegrams (MDT and AT).

21.1.2.2 Master data telegram (MDT)

SERCOS specifies 4 MDTs (MDTO to MDT3). The MDTs are transmitted by the master and
received by each slave. The MDTs contain all information (e.g., synchronisation, command
values, digital outputs ...) which is sent from the master to the slaves through the real-time
channel.

MDTO is always transmitted. MDT1 through 3 are transmitted only if required and depend on
the total amount of data to be transmitted to the slaves. The master always sends the same
number of MDTs during each communication cycle.
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21.1.2.3 Device telegram (AT)

SERCOS specifies 4 ATs (ATO to AT3). The ATs are transmitted by the master with empty
data fields. Each slave inserts its data into its allocated data field within the AT. The ATs
contain all information (e.g., feedback values, digital inputs ...) which is sent from the slaves
to the master as well as between the slaves through the real-time channel.

ATO is always transmitted. AT1 through 3 are transmitted only if required and depend on total
amount of data to be transmitted to the master. The master always sends the same number of
ATs during each communication cycle.

21.1.24—=ECyelethme

The fpllowing reference values have been determined for the comm time,
tscyc-

tscyc F 31,25ps, 62,5us, 125us, 250us and integer multiples of

This gycle time is allowed to have some jitter. The jitte de C S iati m the
tscyc yalue in the distance between two MDTO. Jiscyc 3 i 1.

Table 1 — Synchroni

Synchronisatioﬂ
high performanc%ss

low performance{clas(&\
There DTOyand the following MDTO has a mifiimum
value
i X tsclye
and a
i xtsc
NOTE |jis 3 , SIN itive integer, and is not related to the abbreviations.
The f3 8 0001 take into account the deviation of the communication cycle time
tscye, 8 accuracy of the usual crystal oscillators (100 ppm). Note that thg jitter

shall e dver several periods (i.e., the average value shall be zero).

21 1 41 Talaaram trancmiccinn timac
Y - Here gt SHHSSTHoR—tHHRES

During the initialization phase, the master inquires for time parameters from the slaves. See
subclause 14.2. “Communication phase 2 (CP2)” in IEC 61158-6. With this information, it is
possible to calculate a collision-free distribution of transmission time-slots of the telegrams
within the RT channel.

The master transmits to each slave the AT transmission starting time, t;, as well as the
beginning and ending times of the IP channel, tg respectively t;. These starting times for the

transmitting time-slots for the telegrams are defined next.

Jitter has been incorporated in tq:
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t1 AT transmission starting time: this is the nominal time interval between the beginning of
MDTO and the beginning of the ATO. This parameter has been determined by the master
and is stored in the associated devices as an IDN.

Jiq Jitter in tq: this is the maximum deviation of the beginning of the ATO. It is the allowed
deviation of the time interval t1. The actual time interval between the beginning of MDTO
and the beginning of ATO shall lie between t1 - Ji1 and t1 + Ji1. Ji1 shall have the same
value as the jitter of MDTO, Jiscyc. See Table 1.

tg, t7 Time-slot of IP channel (tg begin of IP channel, t; end of IP channel). Within the IP
channel there are no special time-slots. Every participant can send its IP telegrams during
this time-slot. The time parameters (t; and t;) are set by the master in communication phase 2
(CP2)

Figurg 4 “Access to the transfer medium” (subclause 33.2.2.2.1) in KEC 61158°4>Sshows the
timing| of the transmission time-slots.

21.1.2.5 Timing parameters

The fqllowing time parameters are characteristics of the né

trep time by which the received signal is delayed Itput).
This parameter is saved as an IDN in the

tcable

tring at the master. The master measures
the ring delay in in the
network and is use

21.1.2.6  MDT partit|

A seryice chann@ DT for

each § e service channel. S-0-1009 sets the offset for the

real-ti These

paran

» S-0-1013

S-0-1009
>

S-0-1010

Figure 1 — Partitioning of MDT data fields

21.1.2.7 AT partitioning

A service channel and a configurable real-time data field are defined in the AT for every
device. S-0-1014 defines the offset for the service channel. S-0-1011 defines the offset for the
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real-time data field. S-0-1012 defines the length of the AT (see Figure 2). These parameters

are transmitted from the master to the slaves in CP2.

> S-0-1014 S-0-1011

> o
S-0-1012 (x\é O
< A .
>
Figure 2 — Partitioning of AT d
21.1.3 MDT and AT combinations
The allocations of the service channels (SVC) and the real-time ields (RTD) in the MDT
as well as in the AT are configured wj ¢ and Figure 2). Th¢ RTD
lengths in the MDTs and the ATs dépenhd dn t { iojvand may be different. The
number of MDTs and ATs may be differeqt ~ jguration shall meet the following
requirements:
1) Al| service channels sh \ e hot plug field.
2) Al] real-time data fields sha sfrguréddire after the last service channel.
3) All SVCs of a devige 3 itted withi one telegram (MDT and AT). The telpgram
shiall be filled yp w has possible before using the next telegram.
4) All RTDs of & 8 itted’within one telegram (MDT and AT). The telegram
shfall be filled uf S s possible before using the next telegram.
Figurg 3 shows g 6 egram combinations of MDTs and ATs.
M A'I‘Q\\. I\ MDT1/AT1 R P MDT2 / AT2 MDT3 / AT3
Maxi m é( h - h - h -
dat 5 th
1.[H[S
AN
2. HE R AT
3. [A[Sve R R RO
s [H—sve | [R{svc NN (R RIS

NOTE H = Hot plug field, R = reserved

Figure 3 — Examples of valid telegram combinations
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Section C — Update of IEC 61158-4

1 Scope and object

1.1 Overview

Type S — A DL-protocol for the Type S DL-service. The maximum system size is 2 links of

255 nodes.

1.2 Specifications

1.2.1 TYPEe ST Additionat characteristics

This grotocol provides a highly-optimized means of interchanging fixed

and variable-length segmented messages between a single master déyice &
devicgs, or between slave devices directly, interconnected in a lin i

ring tppology provides for redundant communication paths, &
automatically switches to a set of two lines without distufbing

P data
slave
. The
Fror it
. The

exchahge of real-time data is totally synchronous by configuration,andy is\unaffected by the

messdging traffic.

The device addresses are set by the user, e.g.,
added whenever required, even during operati
addrefs selections. The determinatiop
devicg may be configured or may be 4

This grotocol provides in addition a sta

in nop real-time way between standard
intercpnnected devices. ~

even if the device addresse

2 Normat@e

IEC 6[1491:2002,
commpnication bg

ISO/IEC 8 20X ation technology - Telecommunications and
exchahge

5 DL-protocol elements common to multiple DL-protocol Types

ay be
isting
each

d files
d the
jevice

al-time

information

ocal and metropolitan area networks - Specific requirenents -
ple access with collision detection (CSMA/CD) access methqd and

5.1 Frame check sequences

Table 1 — FCS length, polynomials and constants by protocol Type

Protocol Item Value
Type S n-k 32
G(x) XX X X X XX X+ X+ X X+ X+ X+ X+ 1 (note 1)

NOTE 1: Refer to ISO/IEC 8802-3 for a thorough description of this polynomial.



https://iecnorm.com/api/?name=a26f97401833ed8c4e21e3d441c8dede

PAS 62410 © IEC:2005(E) -21-

33 Type S: Data Link protocol definition

33.1 General

In this subclause, the telegram structure (frame structure) is described. Telegrams follow the
Ethernet standard ISO/IEC 8802-3.

SERCOS telegrams are indicated by the Ethernet type field number (0x88CD).

SERCOS header specifies two sub-types of SERCOS telegrams:

e M4sSTer data telegram (MDT): The MDTs transmit data from the master ig_the slavesy;
e Ddgvice telegram (AT): The ATs transmit data from the slaves back }qQ

Furthgrmore ISO/IEC 8802-3 Ethernet protocols can be transported

33.2 | Data transfer and data link layer

33.2.] Real-time telegram structure

33.2.1.1 General

Data fransmission takes place in telegrams. Th Ne

been shown in Figure 1.
dia

| MACHaye N>
(\ \ \) \> Data field are padded
rce | type

IDLE | SSD | preambl Sﬁid&tination S\Ou}ss\ SERCOS | SERCOS FCs | Esp
Z\\/\ addres addr 8CD| header data field

>11+1 bytes Q)Ml%is\ 6 bytes 6\byt{s 2 bytes 6 bytes |40-1494 bytes| 4 bytes 1 byte

al StCBCtu e of real-time telegranps has

A
A\ 4

A\ 4

[

P
<

SERCOS
checked against FCS data length
} \ telegram length: 72 - 1526 bytes (overhead = 26+6=32 bytes)

\ telegram length: 84 - 1538 bytes (overhead = 38+6=44 bytes)

A\ 4

3
o
PJ

5

)

5

b

N

P

-+
2

)

)

=

D

3]

N

A

N
)

g

3
'y

(0]
q

33.2.1.2 Telegram delimiters
To receive telegrams correctly the following telegram delimiters are needed:

e Inter Packet Gap (IPG > 12 bhytes, IDLE and SSD);
e Preamble (7 bytes);

e Start Frame Delimiter (SFD, 1 byte);

e End Stream Delimiter (ESD, 1 byte).

33.2.1.3 Destination address (DA)

Length: 6 bytes
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The master transmits MDTs and ATs to all slaves using
OxFFFFFFFFFFFF as destination address.

33.2.1.4  Source address (SA)

Length: 6 bytes

the broadcast address

The source address in the real-time telegrams is always the MAC address of the master.

33.2.1.5 Type/length

Lengtir 2bytes
The type / length contains the unique SERCOS Ethernet type field nu

33.2.1.6 Data field

Length: 46 bytes to 1500 bytes

All transmitted data is allowed to have arbitrary bit s
bytes [follows the rules below.

a
v

The data field contains:

e SHRCOS specific header (6 bytes) ;
e SHRCOS data (40 bytes t01494 by
e padding bytes shall be inserted wh

33.2.1.7 Frame check

Length: 4 bytes
A cyclic redundan‘fﬁ o

a CRCQ value for the

¢ total num|

data is shorter than 40 bytes|

bit) cyclic redundan value. This value is computed as a function
contents of the stinati dress, source address, type, data and pad (in other wor
MAC |ayer f axk 8 _preamble, SFD and FCS fields). The FCS is generated
transmitteh Jing, is défined by the Type S generating polynomial of Table 1, s
5.1.

33.2.2 imi @ transmission (communication cycle)

33.2.3.% General

ber of

herate

me check sequence (FCS) field contains a 4 byfe (32-

Df the
ds, all
Dy the
ection

The sequence of transmitting synchronisation, RT-data telegrams and IP telegrams is
repeated every communication cycle. The time slots for the RT channel and the IP channel
and the transmission time of the AT are transmitted during initialization and are therefore
known by each slave. Figure 2 shows two principle arrangements of RT channel and IP
channel. Both methods are possible and can be parameterized by the master (see Figure 4).
Within the IP channel there are no special time slots. Every participant may send its IP

telegrams during this time slot depending upon configuration.

A synchronous collision-free media access control is used in the RT channel. Telegrams are
exchanged in fixed communication cycles. The master starts the communication cycle strictly
equidistant with the communication cycle time tscyc, by transmitting the MDTO. The next

communication cycle starts with the transmitting of the next MDTO.
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The MDTs (MDTO through MDT3) are transmitted as broadcast telegrams to all slaves. The
MDTO contains the synchronisation information and the status of the communication in the
MDT MST field. The content of the MDT MST field remains constant during the same
communication phase.

The ATs (ATO through AT3) are transmitted by the master with an empty data field. Each
slave inserts its data into its allocated data field within the ATs. The sequence of the device
data fields within the ATs is independent of the physical order of the topology as well as the
predefined device address. The master is the final recipient of the ATs. Slave units positioned
between the master and the transmitting slave transmit the telegrams by means of their
forwarding function.

NIDTO MDT1 MDT2 MDT3 ATO ATl AT2 AT3
HIM H[M H[M I HIM H|M H[M H[M H[M
D|S D|S D| S D|S D|sS D|S D[S D[S
RIT R|T RIT R|T RIT R|T RIT RIT
4 > Naantéoadacca
RT channel IP.ch nm
ethod 1
communication cycle \ g
D
MPTO MDT1 MDT2 MDT3 ATO A1® AT3 MDTO
H H|M H|M H|M M \H.&_‘/AM H|m H|M
DlIs D|S D|S D| S D D[S D|S DS D|S
R||T R[T R[T R[T R|T R[T R|T R[T R[T
ooo / lgooooooooopgooon
RT channe RT channel
method 2
33.2.2.
33.2.2.2.
Figurg 4 s, thexmediym access during CP3 and CP4 (cyclic operation). The medium
acces i - , which are used during initialization, is given in subclaus¢ 14.2
“Initialization 0™ the R communication” in IEC 61158-6.
In the|fallowing text all timings refer to the "beginning of telegram" (see Figure 3). It refers to
the edge-time of the last binary code-1 of the Start Frame Delimiter (SED).

IDLE | SSD | preamble | SFD |destination| source type FCS ESD

address | address | 0x88CD |SERCOS| SERCOS
Header data field

beginning of telegram
Figure 3 — Beginning of telegram

Medium access is specified by time parameters which shall follow specific limits. Some times
are allowed to have a certain amount of jitter.
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MDTO...3 ATO...3 IP channel MDTO...3
Hilg HM M
DS s Dls
RT RIT RIT!

ts (begin of IP)

t7 (end of IP)

. > method 1

tseye

MDTO...3 IP channel ATO...3 MDTO...3

NOTE ues. In
method| iate for
positio alues.
33.3

33.3.1

33.3.1.

Every et and a SERCOS data field (see Figyre 1).
Two § )DTs and ATSs.

33.3.1.

Length:

The SER ins“the SERCOS specific telegram types. The structure is fhown

IDLH | SSD p%am\bﬁ SFD |destination| source type |SERCOS| SERCOS FCS ESD
address | address | 0x88CD | €ader | gatj field

SERCOS |reserved | reserved
type
1 byte 1 byte 4 bytes

Figure 5 — SERCOS header

The telegram type (see Table 2) is 1 byte long; the following 5 bytes are reserved and
specified in the SERCOS telegrams.
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Table 2 — SERCOS types

SERCOS type Description

Bit 7 Primary or secondary telegram
0 Telegram on the primary channel (P-Telegram)
1 Telegram on the secondary channel (S-Telegram)

Bit 6 MDT or AT
0 MDT
1 AT

Bits5—2—"0 reserved

Bits 1, 0 Telegram number (
00 Telegram number 0 /\< N (\
01 Telegram number 1 < \
10 Telegram number 2 /\ \
11 Telegram number 3 \\\

NOTE | All other bit combinations are reserved. \ \)

33.3.9 Device address ADR

The device address ADR shall be in the rangge is set by the user
devics e address.
As an y several times and indicates th

telegr s makes it possible to remove d

logical
The a

33.3.3
33.3.3.

The M and the MDT data field.

33.3.3.2
33.3.3.2. d summary

Length: 6 bytes

The SERCQS headerof an MDT is called MDT MST (enn Eigllrn R) and contains

bn the

at no
pvices

e the MDT SERCOS type (see Table 4);
e the MDT phase (see Table 5);
o the CRC (see subclause 33.3.3.2.5).
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IDLE | SSD | preamble | SFD |destination| source type MDT MDT FCS ESD
address | address | Ox88CD | MST | data field
MDT MDT CRC
SERCOS type phase
1 byte 1 byte 4 bytes
checked via CRC

Figure 6 — MDT MST field
33.3.3.2.2 Evaluation of MDT MST in the slave
The NIDT MST is generated by the master and evaluated b e\slave vg shall
evalugte the MDT MST according to Table 3.
Table 3 — MDT MST fields to coy’tde\ the s
MDT SERCOS type MDT éha@ \QQC)
MDTO yes W\// f \yes
MDT1 yes < < h 60 \ \V )\/ no
MDT2 yes > n& _/ no
MDT3 yes ( / \\Q \ no
33.3.3.2.3 MDT SERCQSY Q
Length: 1 byte
The MDT SERC@}F bgram
whether it is an Jy the
master decides whe€ rams,
depending upon
This type is g§ene aster and transmitted in every MDT. Its structure is sh¢own in
Table|4.
Table 4 — MDT SERCOS type
MDT SEE(COS type Description
Bit 7 Primary or Secondary telegram
0 MDT on the primary channel
1 MDT on the secondary channel
Bit6 =0 MDT
Bit5-2=0 reserved
Bit 1, 0 Telegram number
00 MDTO
01 MDT1
10 MDT2
11 MDT3
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33.3.3.2.4 MDT Phase

Length: 1 byte

The phase contains the status of the SERCOS communication. The phase is generated by the

master and transmitted in every MDT. The structure is shown in Table 5.

Table 5 — MDT Phase

Phase Description

Bit 7 Communication phase switching (CPS)

0 current CP /\

1 new CP /\\

Bit 3-0 Communication phase (CP) \

yaN
Bit 6-4 reserved /\ \
A\

0000 CPO

S
0001 cP1 (\\ \\ \

0010 cP2 X \\/
0011 CcP3 / ~ >

0100 cP4 i\

AN\
0101 - 1111 reserved( (\\ 6 ( U ‘\/

NOTE | All other bit combinations are reserved \/

33.3.3.2.5 Cyclic redundancy check (

Length: 4 bytes

The qyclic redundan

generate a CRC
redunglancy che
sourcg¢ address, deg

gener
for sy
polyn

33.3.3.

33.3.3.3.

In the|data field the telegram data are transmitted from the master to all slaves.

y the transmit and receive algorith
e CRC field contains a 4 byte (32-hit)

ms to
cyclic
of the
RC is
3 used
rating

The MDT data field (see Figure 7) contains 2 or 3 fields:

e (always) the MDT hot-plug field (see Figure 8);
e (optionally) the MDT service channel field (see Figure 9) for all devices;
e (optionally) the MDT real-time data field (see Figure 11) for all devices.

Subclause 21.1.3 “MDT and AT combinations” in IEC 61158-3 shows examples of valid MDT

data fields.
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IDLE | SSD | preamble | SFD |destination| source type MDT MDT FCS ESD
address | address | 0x88CD | MST | data field
MDT-hot plug field MDT-service channel field
(new devices) for all devices
Figure 7 — MDT data field

33.3.3.3.2 MDT Hot plug field
33.3.3.3.2.1 MDT Hot plug field summary
Length: 8 bytes
The MDT hot plug field (see Figure 8) contains:

. thI device address (see Table 6);

e th
e thg

e MDT service channel INFO (see

MDT service channel control (gee Yabie 7);

bcltau

MDT-hot plug field
(new devices)

8 bytes

device \/SV ontro
address
/\ u\

33.3.3.3.2.

Length:

E}%\/ 4 bytes

Figure 8 — MDT Hot plug field

e =

The structure of device address ADR is shown in Table 6.

Table 6 — Device address

Device address

Description

Bit 15-8 Reserved
Bit 7-0 Device address
0 Logical device removal (see subclause 33.3.2)
1-254 Device addresses for operation

255 Reserved (see subclause 33.3.2)
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33.3.3.3.2.3 SVC control and SVC INFO

Refer to the MDT service channel field as described in subclause 33.3.3.3.3.

33.3.3.3.3 MDT service channel field
33.3.3.3.3.1 MDT service channel field summary

Length: 6 bytes per device

The MDT service channel field (see Figure 9) contains all service channels (SVC) of the
config ' i i i each
devicg contains:

e the MDT service channel control (see Table 7);
e the¢ MDT service channel INFO.

MDT-hot plug field MDT-service channel field
(new devices) for all devices

6 byt . N
(\,‘S\
\).
C statu SYC INFO
N\

33.3.3.3.3.

Length:

The s i annel (SVC) control is shown in Table 7.
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Table 7 — Service channel control

SVC control Description
Bit 15-6 Reserved
Bit 5-3 Data block elements (see subclause 14.4.2 “Service channel transport mechanism” in IEC
61158-6)
000 Element 0: Closed SVC or transmission cancellation in progress
001 Element 1: IDN of operation data. The SVC is closed for the previous IDN and opened for the
new IDN
010 Element 2: Name of operation data
011 Element 3: Attribute of operation data
100 Element 4: Unit of operation data (
101 Element 5: Minimum value of operation data /\& ) (\
110 Element 6: Maximum value of operation data \ \ >
111 Element 7: Operation data ( \ \
Bit 2 End of element transmission \ \\
0 Transmission in progress \ \
1 Last transmission / \
Bit 1 RIW ~\ S/ &
0 Read SVC INFO AN /\\ > ( () ‘\>
1 Write SVC INFO \ \ /
Bit O MHS

Note: all other bit combinati

0/1 SVC transport handshake &f the(n?as{er?l@}ig@
s d \)

33.3.3

Length:

The s
contai
specid
the lo

NFO is shown in Figure 10. The SVC INFO |[is the
m the master to a slave which takes place in stgps in
y 2 bytes are transmitted in a step, then the valug is in
gh word value shall be don’t care.

SVC INFO SVC INFO
low word high word
2 bytes 2 bytes

Figure 10 — SVC INFO

33.3.3.3.4 MDT real-time data field
33.3.3.3.4.1 General

The MDT real-time data field (see Figure 11) contains all real-time data of the configured
devices. Each device has its own real-time data field and contains:

e the device control (see Table 8);

e the configured real-time data (e.g., command values, ...).
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33.3.3.3.4.2 Device control

Length: 4 bytes
The structure of device control is shown in Table 8.

Table 8 — Device control

Device control Description
Bits 31-16 Reserved
Bit 15-8 Reserved far application profiles
Bit 7 Real-time control bit 2 (S-0-0302)
Bit 6 Real-time control bit 1 (S-0-0300)
Bits §- 0 Reserved
Note: all other bit combinations are reserved

33.3.3.3.4.3 Configurable MDT RT-data

The cpnfigurable real-time data field of the MDT (seg clause

16.2.) “Configurable MDT RT-data” of IEC 61158-5.

MDT-hot plug field M ervicechanngl field:
(new devices) alkdevice ¢ X

real-time data @%e }fa/ real-time data
(@Pﬂ\ Id #2 field #K
\ A\
\ \M bytes
devigce > configurable real-time data
V\SQtrol (master --> device)

bM X bytes

igure 11 — MDT Real-time data

33.3.4 AT si e

33.34.1 General

The AT comtains the AT MST fieldandthe AT data fietd:

33.3.4.2 AT MST field
33.3.4.2.1 AT MST field summary

Length: 6 bytes

The SERCOS header of the AT is called AT MST (see Figure 12) and contains the same
information as the MDT MST,

e AT SERCOS type (see Table 10);

e AT phase (see 33.3.4.2.4);

e CRC (see 33.3.4.2.5).
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IDLE | SSD | preamble | SFD |destination| source type AT AT FCS ESD
address | address | Ox88CD | MST | data field

AT AT phase| AT-CRC
SERCOS type

1 byte 1 byte 4 bytes
protected via CRC

A
A 4

Figure 12 — AT MST field

33.3.4.2.2 Evaluation of AT MST in the slave

The AT MST is generated by the master and evaluated b g shall

evalugte the AT MST according to Table 9.

ATO yes (\{B\// Al
AT1 yes oo AN

33.3.4.2.

Length:

The A
is gen

RCOS telegrams. The SERCOS type of gll ATs
is shown in Table 10.

10 — AT SERCOS type

Description
Q B\? \\ \ Primary or Secondary telegram
\ \Q\/ AT on the primary channel

1> AT on the secondary channel
Bit6=1 AT
Bits—-2=0 Reserved
Bit1, 0 Telegram number

00 ATO

01 AT1

10 AT2

11 AT3

33.3.4.2.4 AT Phase

Length: 1 byte

The phase contains the status of the SERCOS communication. The phase of all ATs is
generated by the master and has the same value as for the MDT. The phase of an AT is not
evaluated by the slave (see Table 9).
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33.34

.2.5 Cyclic redundancy check (CRC) of AT

Length: 4 bytes

The cyclic redundancy check (CRC) is used by the transmit and receive algorithms to
generate a CRC value for the CRC field. The CRC field contains a 4 byte (32-bit) cyclic
redundancy check (CRC) value. This value is computed as a function of the contents of the
source address, destination address, type/length, telegram AT SERCOS type and phase. The
AT-CRC is generated by the master. The AT-CRC is not evaluated by the slave (see Table 9).
The encoding is defined by the Type S generating polynomial of Table 1, section 5.1.

33.3.4-

2 AT - Data fi
=4 71Tt T

ald
T

33.3.4.

In the

The A

3.1 General

ptionally) the AT

huse “MDT and
elds.

TCITC

T data field (see Figure 13) contains 2 or 3 fields:

ways) the AT hot plug field (see Figure 14);
ptionally) the AT service channel field (see Figu

real-time data field (see Figur

AT combinatio& n G shpws examples of valid AT

SSD | preamble

SFD |destination—Source\ |\t AT AT FCS |ESD
address (| address POx88C MST | data field

33.3.4.

33.3.4

-hotplug,fiel AT-service channel field
new device for all devices

.3.2¢(15AT Ho

N 8°bytes

Figure 13 — AT data field

lug field summary

Lengt

The hot plug field as shown in Figure 14 contains:

e the device address (see Table 6);

e the AT service channel status (see Table 11);

e the service channel INFO.
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AT-hot plug field AT-service channel field
(new devices) for all devices

8 bytes
device SVC status SVC INFO
address
2 bytes 2 bytes 4 bytes

Figure 14 — AT Hot plug field

33.3.4.3.2.2 Device address
See 3B.3.3.3.2.2.

33.3.4.3.2.3 SVC status and SVC INFO

The dtructure of the service channel (status and | ed in subg¢lause

33.3.4.3.3.

33.3.4.3.3 AT service channel fields

33.3.4.3.3.1 AT service channel field

Length: 6 bytes per device

The AT service channel i Ilge channels of the configured devices| Each
device has its own dedicat i el. The |3€rvice channel for each device contains:

e the service chaagn

e the service c@\
AT-hat plugfield \\ﬁ-service channel field

}ne\w eviges for all devices

w SVC #2 SVC #N

6 bytes
SVC status SVC INFO
2 bytes 4 bytes

Figure 15 — AT Service channel

33.3.4.3.3.2 SVC channel status

Length: 2 bytes

The stucture of service channel (SVC) status is shown in Table 11.
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Table 11 — Service channel status

SVC status Description
Bit 15-4 Reserved
Bit 3 SVC process
0 SVC not valid (SVC is not processed by the slave)
1 SVC valid (SVC is processed by the slave)
Bit 2 SVC error
0 No error
+ Error i SYCerrormeESSage T SO
Bit 1 Busy (
0 Step finished, slave ready for new step /\< N (\
1 Step in process, new step not allowed < \ S
Bit 0 AHS 2NN N
0/1 SVC transport handshake of the slave (toggle bit) \ \\\ \

The sfructure of service channel (SVC
container for SVC data exchange froma slave

specigl data fields of the AT. If only 2 bytes-are
low word. In this case the high word shall b’

33.3.4.3.4
33.34

The A
devicq

) th
o th

33.3.4.3.4.

Length:

NOTE | all other bit combinations are reserved \ \)
33.3.4.3.3.3 SVC INFO
Length: 4 bytes

QWM IR

gdre 10. The SVC INFO
e\master which takes place in st
ed in a step, then the value is

is the
bps in
in the

gured

The structure of device status is shown in Table 12.
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Table 12 — Device status

Device status Description
Bit 31-16 Reserved
Bits 15, 14 Device ready to operate
00 Device not ready, internal checks not yet concluded successfully (CPO to CP3)
01 Device logic ready for application (CP4)
10 reserved for application profile
11 reserved for application profile
Bit 18 Device shut-down error in C1D (S-0-0017T, see IEC 6149T)
0 No shut-down (
1 Device is shut down due to error /\Q ) (\
Bits 12-8 reserved for application profile \ \ \\ >
Bit 7 Real-time status bit 2 (S-0-0306) ( \ \ \
Bit 6 Real-time status bit 1 (S-0-0304) /\\ \\ \
Bit 5 Procedure command change bit (see IEC 61491) \ \ )
0 No change in procedure command acknowlec}g/em;_n\t \
1 Changing procedure command acknowle/dgqmg\nt)/ '
Bit 4 Reserved /\ A > ( Q ‘\)
Bit 3 Reserved for application pro}ﬂg \ \\ /
Bit 210 Reserved /A

NOTE | All other bit combinations are reserve Q v

33.3.4.

The ¢
61158

see Figure 16) is specified in 16.1.2

%rvice channel field
for all devices

4+ x bytes

pf |EC

device configurable real-time data
status (device --> master)
4 bytes X bytes

Figure 16 — AT Real-time data
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Section D — Update to IEC 61158-5

2 Normative references

IEC 61491:2002, Electrical equipment of industrial machines - Serial data link for real-time
communication between controls and drives.

ISO/IEC 8802-3:2001, Information technology - Telecommunications and information
exchange between systems - Local and metropolitan area networks - Specific requirements -
Part 3: Carrier sense multiple access with collision detection (CSMA/CD) access method and
Physical Layer specifications.

16 Type S: Communication model specification

16.1 | Telegram flow through the network
16.1.1 Telegrams on the transmission medium with ring sttuctu

N
The master sends the MDTs and ATs at the same time_o N@ !
Data flows on both channels from the master throyg wes"and be
Figurg 1 portrays the delay time between the master i

Master P1_out

Master P1_in

Slave 1
out

AN AN N

\Q/ - data from master
- data from master

|:| data from the slaves

Figure 1 — Data flow with aring structure example

16.1.2 Telegrams on the transmission medium with line structure:

The master sends the MDTs and ATs only on port P1 (or P2) (see Figure 2). Data flows from
the master through the slaves till the last one in the line is reached. It then loops and flows in
reverse direction through the slaves back to the master. Figure 2 shows the delay time
between the master and the slaves.
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Master P1_out

Master P1_in

Slave 1
out

A

16.2

16.2.1

The cpnfigurable real-time
indiviqual real-time daja\to any deyice
four dr eight byte. leng

operatio [ Jed\j ‘
Y Stan elegrams is defined by this parameter. The structure

appropriate operatid
of thel|application t isydetewnined’by the configuration list labelled S-0-0024.

which

T
Slave 2
out AT
Slave 3 . Q.)
out AT Q

Master P2

- data from master
- data from master

|:| data from the slaves

Figure 2 —

Data transfer in RT channel

Configurable MDT, RT-data

<hot pl MDT-service channel field
for all devices

itting
i]J two,

mines

\Q/ 4+ x bytes

device configurable real-time data
control (master --> device)
4 bytes X bytes

Figure 3 — MDT Real-time data

16.2.2 Configurable AT RT-data

. The

The configurable real-time data field of the AT (see Figure 16) can be used for transmitting
individual real-time data to any device. Only operation data configured in two, four or eight
byte length can be used. The telegram type parameter S-0-0015 determines which operation
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data is included in the configurable real-time data field of the AT. The appropriate operation
data for standard telegrams is defined by this parameter. The structure of the application
telegram is determined by the configuration list labelled S-0-0016.

AT-hot plug field AT-service channel field
(new devices) for all devices

4+ x bytes
device configurable real-time data
status (device --> master)/\

4 bytes

The dtructure of the application telegram is i the configuration list labelled
S-0-0016. An example of an AT confi i i 5. The configuration [of the
real-time data in the MDT and AT is speci i

AT-R DofaDe iC

/ >
Devucest us Vm b o‘s{it>n feedback| Signal status

A A
(\
8001870 5 -<}§
S-0-0364 M) >

S-0-0 :0-0051

$0:0084 | Rs-00244
e
S-0-0053._

S-0-0185

%

N

$-0/0189

S-0-0187 IDN-list of configurable data in the AT
- S-0-0016 Configuration list of AT
S-0-0130 S-0-0185 Length of configurable data in the AT
S-0-0131

Figure 5 — Configuration example of AT real-time data

16.3 Standard IP communication
16.3.1 General

Before SERCOS real-time has been initialized, communication with the slaves is possible
using standard IP mechanisms. As soon as initialization has started or is done, IP
communication is possible only in the IP channel.
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During the IP channel (time slot between ts and t;) the participants send their IP telegrams
simultaneously on both ports. Forwarding (P1 < P2) is active in all slaves (see Figure 6). It is
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active in the master only by a two-line topology (see Figure 7).

IP telegrams may be forwarded either immediately or later on depending on communication

load (refer to 29.2.6.1 “Slaves within a line or a ring” in IEC 61158-2).

Loopback shall never be active while the IP channel is on, even if a participant detects a
communication interruption and becomes the last one in a line configuration (see Figure 8).

No device specific slots are allocated for the data in the IP channel.

Table 1 — Telegram transmission in RT and IP ch /\(\
(EAN

RT channel PWne\
Transmission type slave: insertion into AT yﬂe\ek\thér@&\kele%m
Transmission time slave: independent on both ports identical trans s%& onYoth'ports

e Drimary ring

mmmmmmm Secondaky ri

O\

mas

<>

AR,

X

I \\>

1 OI’ Pl Portl
P2 Port2
P1 P2 P2 P1
slave 2 slave 3

Port 1 and Port 2 are interchangeable (see slave 3)

Figure 6 — Forwarding and loopback in IP channel — error-free ring configuration
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master

P1 = Portl
e Drimary ring P]'A:EPZ P2 = Port2
= Secondary ring \

A

G

slave 1 slave 2 s% 3
Port 1 and Port 2are\inter h@ge hs/ee slave 3)

annel — faylty ring configuration

NOTE |Interruption may be either accidental or/intentionah

P1 = Portl
\ P2 = Port2

PEiEpz P1_L P2 P2 L P1

slave 1 slave 2 slave 3

Port 1 and Port 2 are interchangeable (see slave 3)

Figure 8 — Forwarding and loopback in IP channel — line configuration
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IP telegrams

The IP channel handles most Ethernet telegrams.

16.3.3

IP addressing

PAS 62410 © IEC:2005(E)

Since every slave transmits complete Ethernet telegrams, it needs a unique MAC address.

No additional special Ethernet initialization is needed to use the IP channel.

16.4 Initialization of the RT communication
16.4.1 General
This qubclause describes the telegram structure and the transmissio ptwork
initialigation. Initialization is divided into five communication phase
16.4.2 Communication phase 0 (CP0)
16.4.2.1  Structure of the telegrams in CPO
The MDT MST field is used in the MDTO only; the MPT data fi d (see
Figurg 9).
« /\\«AC@Q 6 o
D NSN ) '
IDLE | SSD le | sFp [feStinatony 505%\ o N M7 FCS | ESD
preamble addre(én addres \5\830 data field
7+1 pytes 6 bytes byt 4 bytes
SERh(jg_rSOtype p:?t}&% \d'at/a: padding to min. frame size
1bytg\/ 1byte 4 byes MDT data field = 40 bytes
ure 99— MDTO structure in CPO
The ATO coRtain T and the AT data field with 256 device addresses (2|bytes
each){ T its the ATO and sets the content to O (see Figure 10).
MAC layer >
I6LE| sSD| preamble | SFD destination| source | type MST AT s | Esp
address | address| 0x88CD data field
Z+1 hyrn': [ hyh:v: [ h\m:;,/rh:/ \A bvies
SERCOS type | phase device | device device device
ATO p:o CRC addr#0 |addré1 | ®®®®®® | 54454 | addr#o55
1 byte lbyte 4 bytes 2 bytes 2 bytes 2 bytes 2 bytes

Figure 10 — ATO structure in CPO

16.4.2.2 Telegram transmission timing of CPO

The communication cycle time is preset by the master with 1 ms < tgeyc < 65 ms. The

telegram timing of CPO is shown in Figure 11. No transmission time is defined for ATO, it has
to be transferred before time tg,;; is started.
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MDTO ATO
6us 44ps
<« -
‘HMZF Him(P|F
D|s|{[C Dis| Ic
RT|,|S RIT|.[S

— 43—

0-100ys Jitter
L

t6init = 650 ps

t7init = 950 ps

IP channel

J/

MDTO

0O T
Hun<

v ~ o O

[ Kokl

77

1ms < tseye < 65mMs

A

16.4.§ Communication phase 1 (CP1)

16.4.3.1  Structure of the telegrams in CP1

The MDT data field of the MDTO contains the serviceé cha
addregses 0 to 127. The MDT data field of the MDY

devicg control of device addresses 12

A slave is requested, if the handshake b
The SVMC INFO and the device control

Figure 11 — Timing diagram of CPO

Figure 12 — MDT structure in CP1 and CP2

MDT
IDLE | SSD| preambl MST data field FCS | ESD
- dev#0 dev#127
SERCO h dev.# dev.#12 ev# ev#
type MD%E_\.. 2e CRC ice Iﬁl\lﬁg ® % senvice |[S\|\|£(c:) device | ® ® | device
» . control control control control
SERCOS 1\81& \e/ dev.#128 dev #2585 dev#128 dev#255
as : . i .
e MDTY, |35y 2 \| CR service| SVC | @@ "onice| SVC | device | ®® | device
INFO INFO
control control control control
byt}\ W 4bytes  2Dpytes 4 bytes 4 bytes

evice
hd the

bntrol.

The AT data field of the ATO contains the service channel and the device status of device
addresses 0 to 127. The AT data field of the AT1 contains the service channel and the device
status of device addresses 128 to 255. See Figure 13.

The slave responds by setting the handshake bit (AHS) and valid bit (SVC valid) to 1 in the
corresponding SVC status. The SVC INFO is don't care; the shut-down bit is active in the
device status. The bits ready to operate (15 and 14) are set to 0.
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¢ MAC layer

destination| source type AT

IDLE| SSD| preamble| SFD |~ 118 O i ees| 0x88CD |MST|  qatafie | FCS | ESD

SERCOS |phase cRC dev.#O svell dev.#_12 sve gev.#o Il dsv#_lZ?
type ATO lor2 service | |\ service | |\ evice evice
status status status status
SERCOS |phase dev.#128 sve dev.#255 sve devi#128 dev#255
type ATL | 1or2 | CRC| | service NEG | ®®| sevice| S 0 HEEHIEEHIINEE
status status status status
T byte Thyle 4bytes  2bytes 4 bytes Z bytes

Figure 13 — AT structure in CP1 and CP2

16.4.3.2 Telegram transmission timing in CP1

The cpmmunication cycle time is preset by the master with < < M he telpgram
transmission starting times during CP1 and CP2 are shown m\kKigyre _14.\No transnjission
times |are defined by MDT1, ATO and AT1,; all teleg nsferred befofe the
time tini is started. The master shall not send MD the yme tgnie (begin of IP

channfel) is exceeded by the AT1 (e.qg. jitter too |

MDTO MDT1 ATO “AT1 MDTO
105pus 105us 105us 1 105us
> > > —> «—r
HMZF HMZF HMZF &Mzg HMZF
D|S C D|S C DS C S Dl2 ¢

t t t ;
RITI.IS| [R|T|alS /\RT’;"S\R als RlTal®

S 77
0-100psJitt \1

= 650 ) N
_ 9}){15 \/\\/

IMSE toy\ < 6

:: /¥Gini
t7ini

A\

A
y

igure 14 — Timing diagram of CP1 and CP2

16.4.4 ication phase 2 (CP2)

16.4.4.1/,~-Structure of the telegrams in CP2

Telegrams in CP2 have the same structure as in CP1, but the contents of SVC INFO are now
valid. The MDT structure is shown in Figure 12, the AT structure is shown in Figure 13.

The content of device control is don’t care. In the device status field, the shut-down bit and
the procedure command change bit are active.

16.4.4.2 Telegram transmission timing in CP2

Telegram transmission starting times are the same as in CP1 (see 16.4.3.2 and Figure 14).
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16.4.5 Communication phase 3 (CP3)
16.4.5.1  Structure of the telegrams in CP3

The MDT is structured as shown in 33.3.3 “MDT structure” in IEC 61158-4. Only the service
channel and device control are used. The configurable real-time data of the MDT do not
matter, but they shall have the number of bytes required for CP4. The positions of the service
channels and the real-time data fields in the MDT relevant to the individual slaves were
transmitted during CP2 with the corresponding communication parameters.

Depending on the application profile some bits in the device control are valid starting CP3 and
up to CP4.

The A y {erwce
channel and the device status are used The conflgurable real-tim 0 not
matter, B service
channlels and the real-time data fields in the AT relevant tg th indiw aves| were
transmi ication 4 :

In the b. The
bits “I ication
profilg

16.4.5.

Teleg mitted
during [iming
of the ium” in
IEC 6

16.4.6

16.4.4.

The M igurable
real-ti Dy the
param b data
fields |i ith the
correg ication
profilg i

The AT is strug ured as shown in 33.3.4 “AT structure” in IEC 61158-4. The configurablé¢ real-
time gata _afe va and filled with actual values which have been determined hy the
parameters transmitted in CP2. The device status that depends on the application prgfile is
valid. [The/bits “Device ready to operate2 (15 and 14) are set to 01. Further combinatiops are
specified n the application profiles.

16.4.6.2 Telegram transmission timing in CP4
Telegram transmission starting times are specified by the communication parameters which

were transmitted during CP2. See 33.2.2 “Timing of the transmission (communication cycle3)”
and Figure 4 “Access to the transfer medium” in IEC 61158-4).

16.4.7 Switching of communication phases (CPS)
16.4.7.1  General

Every switching of the communication phase is pre-set in the MDTO by the master and thus
transmitted to the slaves. During phase switching (CPS), IP communication is not allowed.
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Service channel initialization

In CP1, each service channel starts with the following status:

e the MHS-bit in the MDT and the AHS-bit and the SVC valid bit in the AT shall be set to 1
(see 14.4.3 “Service channel initialization” in IEC 61158-6). All other control or status bits
of the service channel shall be set to O;

e all bits in the SVC INFO fields are invalid.

Starting with CP2, the service INFO fields in the MDT and the AT become valid. This implies

that the master,

and a slave servicing several devices, freezes the status of the service

channel before switching from one device to another. When addressing this device again at a

later t

16.5

The m
descri

16.6

Table
applic

me, the master is set to this frozen status.

Communication error handling

aster’'s and slaves’ reactions in case of communication error

bed in the

Identific

2 shows the list of communication-specifi
ption-specific IDNs appear as annex A in IE

el are
application profile IEC 61491.

ation numbers in numerical order

al order. Additional,

rical order

Table 2 — Communi@»i ecifi

IDN %Q\
S-0-0000 (reserved)
S-0-0005 M.n.n@?@@%.rﬁ\&@e R\E,)>
S-0-0007 Fe[éc&ac\R\Q:qumKM\caNW
S-0-0008 C&qmand\?\u{veﬁ}x}\i(t»
S-0-0014 y&é‘@:e statys
S-0-0015 %\ele\z{m\fyg \/\

Co\{ig&?ﬂ{io@st of MDT

A
< ovaierids
AN

T\a{ror counter

SMN \ Wor counter

S-0-0096 S&ve arrangement (SLKN)

S-0-0097 \ﬂlask class 2 diagnostic

S-0-0098 Mask class 3 diagnostic

S-0-0134 Device control word

S-0-0135 Device status word

S-0-0140 Controller type

S-0-0141 Motor type

S-0-0142 Application type

S-0-0143 SERCOS Interface version

S-0-0185 Length of the configurable data record in the AT
S-0-0186 Length of the configurable data record in the MDT
S-0-0187 IDN list of configurable data in the AT

S-0-0188 IDN list of configurable data in the MDT

S-0-0301

Allocation of real-time control bit 1
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IDN Name
S-0-0303 Allocation of real-time control bit 2
S-0-0305 Allocation of real-time status bit 1
S-0-0307 Allocation of real-time status bit 2
S-0-0413 Bit number allocation of real-time control bit 1
S-0-0414 Bit number allocation of real-time control bit 2
S-0-0415 Bit number allocation of real-time status bit 1
S-0-0416 Bit number allocation of real-time status bit 2
S-0-1001 Control unit cycle time ”."."‘y"‘
S-0-1002 Communication cycle time (tscyc) (
S-0-1006 AT transmission starting time (t1) /\< A (\
S-0-1009 RTC position of data record in MDT \ \ >
S-0-1010 Length of MDT ( \ \>
S-0-1011 RTC position of data record in AT /\\ \\ \
S-0-1012 Length of AT N \ )
S-0-1013 SVC position of data record in MDT ~ \
S-0-1014 SVC position of data record in ATK\\ )/ A
S-0-1015 Ring delay 7\ /\ > ( <) ‘\)
S-0-1016 Slave delay \ \ /
S-0-1017 Transmission starting }/iﬁ?lp CW%\
S-0-1018 SYNC delay \ (\ \/
S-0-1019 MAC ddrési /\\ \) N >
$-0-1020 PRddress.  ~_. o~/
S-0-1021 SJQICW
S-0-1022 \ iné\contro
501023 [Ringstatis SNAN
S-0-1024 < N/vak\ide

16.7

16.7.1 Data'breck structure

16.7.1.1 General

All operation data are assigned IDNs.

Every IDN has an underlying data block. Data blocks are used in different data types to
supply additional information, which is required to allow the display and input of data and the
use of universal routines by means of the control terminal.

This additional information is necessary for handling arbitrary slave-related data. With this
information, anonymous operation data can be interpreted by the control unit.

The data block structure is shown in Table 3. In a data block, elements 1, 3, and 7 are
mandatory and are always present. Elements 2, 4, 5, and 6 are optional and can be
supported. Elements 5 and 6 are mandatory for cycle time parameters (S-0-0001, S-0-0002)
only. The appropriate elements of the data blocks are selected via the service channel control
bits in the control word.
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16.7.1.2 Element 1: structure of IDN
When written and read via the service channels, the appropriate data are addressed by

means of the IDNs. Beyond that, operation data within the configurable part of the data
records of the AT and MDT are defined by means of the IDNs.

IDNs have a range of 216 which is subdivided into the two ranges for standard data and
product data. Every range is subdivided into eight parameter sets.

IDNs are generally transferred in telegrams as 16-bit binary numbers.

Operdtion data which are not included in standard data but which are required for a specific
functipn of the product shall be specified by the appropriate manufacture e produdt data
record.

Table|3 describes the structure of IDNs.

Table 3 — Structure of |DE'S\
IDN DeSC)'/iﬁt'ibﬂ\ ~ \\/
Bit 15 (A XD

0 Standard data (normat'(@)\\/

A\
1 Product déa(\ie\teéin\éd IQ)y mavﬂufa&u)eq\/
RIN

Bit 14-12 Parameter N-?

000 Parameter(éet 0

NN
111 \ Kémete\sg\f\( A \\/
Bit 11-0 Q \Qata b(}i\nur\mk\r\/dto 4095

<

. ’\}\W - SO0k

\/
§arameter set Data block number

Figure 15 — General structure of IDN

As this sgpecification encompasses only standardized operation data in parameter shall pe set
to O.

16.7.1.3 Element 2: name of operation data

Name length: maximum 64 bytes.

The name consists of 64 bytes maximum. It has two length specifications of two bytes each,
and a character string of 60 characters maximum (60 bytes). Bytes 1 and 2 of the name
specify the length of the programmed text in bytes. Bytes 3 and 4 of the name indicate the
maximum number of characters available for text in a slave if the name is changeable. Text
longer than that specified by these bytes cannot be stored in the slaves. Length specifications
of the initial four bytes are coded for hexadecimal digits.


https://iecnorm.com/api/?name=a26f97401833ed8c4e21e3d441c8dede

PAS 62410 © IEC:2005(E) - 49 —

Name length

A

Text

A

Length of programmed text

A\ 4
A
A\ 4

A

[
>

Maximum text length available

A 4

<
«

It is 4
transf

If the
Bytes

Readi
bytes
long.

Writin
progré

Attribu

Every

operati

needg
transf

: When writing
ymmed te e
the slave ignores byte

16.7.1.

bytes 3,4 indicate maximum text length (in bytes) available in the d
byte 3: length indication low byte from 0 to 60 (0x0000 to 0x0Q3
byte 4: length indication high byte is always 0 (0x0000)

bytes 1,2 specify length of programmed text (in bytes) in the drive

byte 1: length indication low byte from 0 to 60 (0x0000 to 0x003C)
byte 4: length indication high byte is always 0 (0x0000)

Figure 16 — Name structt

dvisable to program text length in even nu
br words.

programmed text has a lengt
1 and 2 will then contain the valu

impac
Every

Table 4 — Element 3 of IDNs

ice channel ca

n only

hitted.

quires
is too

of the
vriting

arious

erred operation data into intelligible display data and vice versa. The conversion has no
{-Onthe data itself. If data needs to be scaled, specific scaling parameters are supplied.

Bit 31 (Reserved)
Bit 30 Write protected in CP4

0 Operation data is write-able

1 Operation data is write protected
Bit 29 Write protected in CP3

0 Operation data is write-able

1 Operation data is write protected
Bit 28 Write protected in CP2
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0 Operation data is write-able
1 Operation data is write protected
Bits 27-24 Decimal point:

Places after the decimal point indicate the position of the decimal point for the display and
input of appropriate operation data. This is additional display information. Decimal point = 0,
for data type "floating-point number".

0000 no places after decimal point

1111 15 places after decimal point (maximum)
Bit 23 (Reserved)
Bits 22-20 Data type and display format:

Data type and display format are used to convert the operation data and the minimum and
maximum input value to the correct display format

Data type Display format

000 binary number binary

001 unsigned integer unsigned decimal

010 integer signed decimal

011 unsigned integer hexadecimal

100 extended character set text

101 unsigned integer IDN

110 floating-point number signed decimal with exponent\(flQat
(single or double precision, ANSI/IEEE Std 754— 5

111 reserved

Bit 19 Function of operation data:
the function of operation data indicateg that\thi eration data is used to call up procefure
command functions in a syxve\

= O

Operation data or paramet
Procedure command

Bits 18-16 Data length:
data length is requned so that the cqntro le to complete service channel data
transfers ¢ tly /\

000

Bits 1%-0

(e.9.

Valid combinations of the display formats and data length:

Table 5 — Valid combinations of the display formats

Display format
Data length binary unsigned signed hex text IDN float
decimal decimal

2 byte yes yes yes yes yes
4 byte yes yes yes yes yes
8 byte yes yes yes yes yes
1 byte list yes
2 byte list yes yes yes yes yes
4 byte list yes yes yes yes yes
8 byte list yes yes yes yes yes



https://iecnorm.com/api/?name=a26f97401833ed8c4e21e3d441c8dede

PAS 62410 © IEC:2005(E) -51-

16.7.1.5 Element 4: operation data unit

Unit length: maximum 16 bytes.

The unit element consists of 16 bytes maximum. It has two length specifications of two bytes
each, and a character string of 12 characters maximum (12 bytes). Bytes 1 and 2 of the unit
specify the length in the programmed text in bytes. Bytes 3 and 4 of the unit indicate the
maximum number of characters available for text in a slave where it is changeable. Text
longer than that specified by these bytes cannot be stored in the slaves. Length specifications
of the initial four bytes are coded for hexadecimal digits. Operation data has no unit where the
data type is either a binary number or a character string.

Unit length

A
A

Text

Length of programmed text <

A
A\ 4
A
A\ 4

A

A 4

<
«

It is gdvisable t N only

transfer words.

If the programmed\te as_tf Bytes
1 and|2 will then sQhtammythe

2 are
g text

Reading:
required by
whichlis too long

WritingsWhen writing a unit, the master sets bytes 1 and 2 according to the length |of the
programmredtext—Thetextstattmotbetonger thamspecifiedmbytes—3—anmd—4Durimg—writing
the slave ignores bytes 3 and 4 and inserts its available length during reading.

16.7.1.6 Element 5: minimum input value of operation data

Data length: Same as operation data.

The minimum input value is the smallest numerical value for the operation data which can be
processed by the slave.

When, in a write request, the value for the operation data is lower than the minimum input
value, the operation data is not changed.

The operation data has no minimum input values if a binary number or a character string is
used or when the operation data is of variable length.
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Display: The minimum input value is displayed like the operation data.

16.7.1.7 Element 6: maximum input value of operation data

Data length: Same as operation data.

The maximum input value is the largest numerical value for the operation data which can be

processed by the slave.

When, in a write request for the operation data, the maximum input value is exceeded, the

operation data is not changed.

The operation data has no maximum input value if a binary number or cha
or if the operation data is of variable length.

Displdy: The maximum input value is displayed like the operation.da

16.7.1.7.1 Element 7: operation data
The operation data length is divided in four groups:

o fixpd length with two bytes;

o fixpd length with four bytes;

o fixpd length with eight bytes;

e vafiable length up to 65 532 bytes.

Length specifications for
hexadecimal digits.

Structure of operation data fength is shown in Figure 18.

/Q\ ratio
\ @grammed operation data
N

AN
< \ % Length of programmed data

A

/

[y
»

A

Maximum data length available

tringi$ used

Ie%onl arg” coded in the initial four bytps for

A 4

>
<

A}

bytes 3,4 indicate maximum data length (in bytes) available in the drive
byte 3: length indication low byte from 1 to 65532 (0x0001 to OxFFFC)
byte 4: length indication high byte from 1 to 65532 (0x0001 to OxFFFC)

bytes 1,2 specify length of programmed data (in bytes) in the drive

byte 1: length indication low byte from 1 to 65532 (0x0001 to OxFFFC)
byte 4: length indication high byte from 1 to 65532 (0x0001 to OXFFFC)

Figure 18 — Structure of operation data with variable length

Operation data with variable length consists of length indicators in the initial four bytes,

followed by the programmed operation data.
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Files or tables can be loaded from the control unit to the slaves or vice versa by means of the
transfer of operation data with variable length (e.g., the IDN-list of all operation data in a
slave).

It is advisable to program the length of the operation data in an even number of bytes since
the service channel can only transfer words.

When the operation data has the length 0, only the two length indications are transmitted.
Bytes 1 and 2 will then contain the value 0.

Reading: in order to complete a read command in the service channel correctly, the
mastelr requires bytes 1 and 2. Bytes 3 and 4 are only read by the mastertg prevent yriting
operation data which is too long.

Writinp: when writing operation data, the master sets bytes to the
length of the programmed data. The data shall not be longer than nd 4.
During writing, the slave ignores bytes 3 and 4 and inserts its a¥ai 9 g redding.

Length of list Q \

0T_00 09 00 0A 00 0H 00
@oow > S-0-0009 | S-0-0010 | S-p-0011

12| doJ 12| 00j 01 00 02 00
S-0-0001 | S-0-0002

list list list list list list
element element element element element dlement
#0 #1 #6 #7 #8

16.7.2

The a ic data content is specified in IEC 61491.
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Section E — Update to IEC 61158-6

2 Normative references

IEC 61491:2002, Electrical equipment of industrial machines — Serial data link for real-time
communication between controls and drives

ISO/IEC 8802-3:2001, Information technology — Telecommunications and information
exchange between systems - Local and metropolitan area networks — Specific requirements —
Part 3: Carrier sense multiple access with collision detection (CSMA/CD) access method and
Physical Layer specifications.

Internpt Engineering Task Force (IETF), Request for Comments (RFC):

e RHC 768, User Datagram Protocol;

e RHAC 791, Internet Protocol;

e RHC 792, Internet Control Message Protocol;
e RHAC 793, Transmission Control Protocol;

e RHC 903, Address Resolution Protocol.
3 Terms and definitions

3.6 Conventions

3.6.1 Conventions for Type S

None.

3.7
3.7.1

None.

14

14.1 in the IP channel
14.1.1

This pratecol is used for exchanging and transmitting large amounts of non real-tim¢ data
from ané participant to the other (cantrol unit «» device «» device)

14.1.2 Standard Ethernet protocols

Application layer services shall be mapped onto the TCP/UDP/IP protocol suite as defined in
RFC 768, 791, 792, 793 and 903.

14.2 Initialization of the RT communication
14.2.1 General

This subclause describes the transition states of the communication after the network has
been completed and all stations have been powered up. This initialization is divided up into
five communication phases (CPs). CP0 and CP1 are used for recognizing the participating
slaves. In CP2, the timing and data structure of the protocols for CP3 and CP4 are prepared.


https://iecnorm.com/api/?name=a26f97401833ed8c4e21e3d441c8dede

PAS 62410 © IEC:2005(E) - 55—

The initialization takes place in ascending sequence (see Figure 1). The master shall initiate
the CPs by setting the MDTO-Phase (phase field of the MDT MST, see subclause 33.3.3.2.4
“MDT Phase” in IEC 61158-4). The slaves shall follow accordingly. The initialization shall be
concluded by switching to CP4, which is a real-time operation with valid real-time data.

Only in case of a communication error shall the slaves switch to CPO. If the slaves don’t
receive any MDTO within 65 ms they shall switch to NRT.

Com.

(o

Start state

(=]

] =no MDTO within 65 ms or
communication error
| = cps=1, cP=0

[ad

P = Communication phase
PS = Communication phase swijtching
RT = non-real-time mode

Z00

14.2.2

After all slaves irnythie W ket een powered up, and after internal checks are errof-free,
all slayes oper, i y

In NR m@ ice\chanviel is not active, but the optional IP channel is active.

If the ives DTO in NRT mode the sending of an IP telegram is cancelled

After fhisy'the slave shall activate CP0 as well as the loopback at the port at which the| slave
has received the MDTO.

14.2.3 Communication phase 0 (CP0)
14.2.3.1 General

CPO may be entered from any higher phase and is the only phase which may be entered from
any other phase. Network initialization always begins with CPO.

In CPO the service channel is not active, but the optional IP channel is active.

Slaves with device address ADR=0 shall support CPO in the same way as slaves with
ADR > 0.
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During CPO, the master shall send MDTO (see Figure 9 “MDTO structure in CP0O” in IEC
61158-5) and ATO dependent of the given topology on one or both ports to check the wiring
(ring is closed), to check all present slaves in the received ATO (device address 0 to 255) and
to measure the ring delays. The master transmits the ATO and sets the content to 0 (see
Figure 10 “ATO structure in CP0” in IEC 61158-5). The master evaluates the ring delays (P-
Channel and/or S-Channel) for synchronisation purposes.

The slave reads and increments the content of corresponding device address field in the AT.
At the end of CPO the AT data field contains the number of devices that reacted to each
device address (see Figure 10 “ATO structure in CP0Q” in IEC 61158-5). The slave processes
ATO-P on the P-Channel and ATO-S on the S-Channel only once per communication cycle.
The slave shall not process an ATQ-P on the S-Channel and vice versa

If the plave does not receive an MDTO on the other port the loopback is agtivated\withoug error

message. The loopback is re-opened if an MDTO is received on the g

14.2.3.2 Leaving CPO

The master waits for its MDTO and ATO to be received. The'tevice § - i 0 may
be compared with the device addresses known to the master. ' . ' Juated
by thg master (e.g., generate an error message). Whe ingd br has
receivi i i clause
14.2.9).

When|the ring cannot be closed withi h CPO

and generates a message. The scope of\the e g at point it has to be actjvated
is a function of the master.

Where CPO is initiated ag a\respons in the
mastefr may be used to ca 3 lity of

If a sl D NRT

mode

14.2.3.
14.2.3.3.

The pf
slave |i
same
data f

each
}othe
he AT

14.2.37372— CPOwithout device aduTesS OVertapping

This example (Figure 2) shows a process in which the master recognizes a set of device
addresses without any overlapping. In Table 1 the process in the primary channel is shown.

The master transmits an AT with an allocated data field for each device in every
communication cycle (all contents of the device addresses are 0). Each slave reads the
respective data field in the AT, increments its value and writes it back to the device address
field. If each device address is set only once, the respective device address fields in the AT
contain the value 1 (see Figure 3).

In this example the master recognizes 4 slaves with the addresses #10, #1, #11 and #254.
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Secondary channel

Master

Primary channel

Device |[mempp Deyice () Deyjce () Device

addr #10 | addr #1 | addr #10 | addr#254

Figure 2 — Address adjusting without overlapping

Table 1 — Example without address overlapping WP hann

~
slave 1 slave 2 slave 3 slaxe \ C(ﬁqments

Communication device device device }e\ \/
cycle address address address addre
#10 #1 #11 (#?54
n R=0, W=1 no change R=0,

Y
'

c =
A~
mm

L

= ave 2 and slave 4 did not
Value=1 Value=(o/\ \% 1 te any data

n+1 R=0, W=1 R=0, W= <—0N\W=1 R= =1 /| all slaves wrote data
Value=1 Value=1 Y\ Valge Value=
n+2 R=0, W=1 R=0, W= =0, 1 R>Q, W=1 | all slaves wrote data
Value=1 Value=1 Valye=1 Vdlue=1
n+101 R= 0 \ﬁ M\ R\ée.,}\h R=0, W=1 | master received 100 AT with
Va lue=1 Value=1 Value=1 same content and ends CP{
NOTE 1 R =read, W = write
NOTE 2 Value=1 the conte
ATO . I _
data field de device device device devife
addr * 8 8%® | addr#10 addr#11] @S e e oo o addr #254 | addr #255
cohtefit X(OO%Q‘@(OO(Q 0x0001 | 0x0001 0x0001 | 0x00P0

S

ure)3 — AT data field without address overlapping in CPO

14.2.3.8:3» CPO with device address overlapping

This example (Figure 4) shows a process in which the master recognizes an erroneous set of
device addresses. Table 2 shows the process in the primary channel only.

The master transmits an AT with an allocated data field for each device in every
communication cycle (all contents of the device addresses are 0). Each slave reads the
respective data field in the AT, increments its value and writes it back to the device address
field. If a device address is set several times, the respective device address fields in the AT
contain the number of the identical device addresses (see Figure 5).

In this example the master recognizes 4 slaves, 3 of which with the address #1 and one with
the address #254.
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Secondary channel

Master

Primary channel

Device fmemmp Deyjce fm———p Deyjce ) Device

addr #1 | addr #1 addr #1 I addr#254

Figure 4 — Address adjusting with overlapping

Table 2 — Example with address overlapping in<€P0\c angel)

N
slave 1 slave 2 slave 3 slaxe \ C(ﬁqments
Cofmmunication device device device }e\ \/
cycle address address address addre
#1 #1 #1 (#’?54
n R=0, W=1 no change R=1, W= \/n)o hahge ave 2 and slave 4 did not
Value=1 Value= \% 2 alug W te any data.
n+1 R=0, W=1 R=1, W= ne_change R= =1 /| slave 3 did not write any data
Value=1 Value=2 Y\ Valye Value=
n+2 R=0, W=1 R=1, W= =2, 3 R>Q, W=1 | all slaves wrote data
Value=1 Value=2 Vahye=3 Vdlue=1
n+3 R=0, W1 \?\F[l R \Q&}\h R=0, W=1 | all slaves wrote data
Value=1 alue=2 Value=3 Value=1
n+102 R=0, WQ]/\ R=1, ﬁ\ =M3 R=0, W=1 | Master received AT with
Valye=1 alue ue=3 Value=1 identical content 100 times

and ends CPO.

NOTE 1 R =read, W = grited

NOTE 2 Value=1 mgans the cortentiq the telegram. Only one device with address 254 is on the ring.

AN
A g \
da aﬁ&@e W device device device devife
addr#l | ©® % @%@ | addr#10 addr#11 @%@ & @ addr #254 | addr #255

ddr #0
cohtents M}xoooo 0x0000 | 0x0000 0x0001 | 0x00po

mnaincpo
Hg—H o

Eia
=Hg-tH

ura 5 AT data fiald with addraece avarlann
o A—tataHeraWH—aaeHesSS—ovYeapP

14.2.4 Communication phase 1 (CP1)
14.2.4.1 General

CP1 is used to determine which slaves will be activated in CP2 to CP4. Slaves that are not
participating in the communication uses the device address 0 as their address (see subclause
33.3.2 “Device address ADR” in IEC 61158-4). Slaves that are not being addressed in CP1
and whose address is not 0 shall behave like slaves with the device address 0. No slave shall
react in CP1 when address 0 or 255 is queried.

In CP1 the service channel is initialised, the optional IP channel is active.
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Slaves with device address ADR=0 shall no longer respond to the telegrams during phases
CP1 and CP2 other then to forward the telegrams.

The master sends MDTO and MDT1 to request the corresponding slave to insert data into ATO
or AT1. ATO and AT1 are transmitted by the master with an allocated AT data field (contents
is 0). The master shall not send the MDT1 and AT1, if the time ts (begin of IP channel) is
exceeded by the AT1 (e.g., jitter too large) or the master supports device addresses 1 to 127
only.

A requested slave inserts the response into the corresponding AT service channel.

A device address might have to be queried several times. The master requests the klaves

with MDTO and MDT1 and it expects a response in ATO and ATL1.

The master repeats this request until the addressed slave ackneo
timeouit (see IEC 61491) has elapsed. When a slave does not
addresps it again a depending upon configuration.

This request procedure is repeated until the identification 4 cation

time i$ defined by the master.

14.2.4.2 Leaving CP1

After the master has identified the s b CP2

(see qubclause 14.2.8).

When| the identification time is exceeded jathe PS are
detected, the initialization 45 onti ) y ssage
and rgmains in CP1 depe i

If a slfqve does not rece

14.2.

14.2.9.1

During CP2, slad pl. For
CP2 and i ' « - The

As a minimum,_the commmunication parameters required for CP3 and CP4 and the parameters
for determining theNéngth and contents of the MDTs and ATs are transmitted to the flaves
(see quliclatise 33.2.2.2 “Transfer medium access” in IEC 61158-4). The slave shows in| "IDN-
list of Ir‘mra'rinn data for CP2* which data shall he transferred in CP2 (QPP Q-ﬂ-ﬂﬂ1R)

The master transmits the ring delays to all slaves for synchronisation purposes. The slaves
adjust the synchronisation time depending on the ring delays. The master may determine the
physical order of the slaves depending upon configuration.

The entire information exchange takes place via the mechanisms of the service channel (see
subclause 14.4). The reliability of transmission is guaranteed by the MHS and AHS bits as
well as the HS timeout. Further parameter exchanges can take place in CP2 or CP3. No slave
shall react in CP2 when the device addresses 0 or 255 are queried. If a slave is not requested
in CP1, then it shall not react to a request in CP2.

14.2.5.2 Leaving CP2

The transition from CP2 to CP3 shall follow the following procedure:
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5) The master activates the procedure command “CP3 transition check” as defined in S-0-
0127.

6) The slave then has to determine the validity of the parameters for CP3

7) The slave acknowledges the procedure command positively (e.g. “Procedure command
executed correctly”).

8) After the positive procedure command acknowledgment, the master shall delete the
procedure command in the slave,

9) The master then initiates to switch to CP3 (see subclause 14.2.8).
When the slave is not yet ready to switch over (i.e., the parameters required for CP3 have not

yet bgemrcomptetetycatcutated)—the—stave—shaitset theprocedurecommand—acknowtedgment
— “progedure command not yet executed”.

When|there are additional invalid parameters still present after the frocedire™¢ommar
been [processed, the slave shall respond with the procedure co
“Error| procedure command execution impossible”. In this cagé aste ain in
CP2 dnd, depending on the capabilities of the master, try to rs g param identified
as inyalid or to send an error message to allow furth initiak of an
intervention by the operator. In the faulty case, the slave the IDNs of the [nvalid
data ipto the “IDN-list of invalid operation data for CP

After the master has transmitted further param ‘ i pve in
CP2, the procedure command “CP 3 tpansiti

The cpheck for validity of the parameters efér only to general criterig (e.g.,
minimum, maximum). It cannot recognize if all para s that have been transmitted py the
master are correct with respect to the e total installation. This mears that
even When a slave ackno ansition check” positively, there may be inqorrect
commpunication param itf installation which can lead to a disruption
of the|[communication.

When|CP2 Was@
corredted first befofe

The master can \a 3 . The cause may be communication error or human
intervention 3

advance routine after an error, this error shall be
n take place.

14.2.4 Commuiicatjon phase 3 (CP3)

14.2.4.% General

Starting with CP3, the exchange of data is done via the telegrams defined for CP4. The
master sends the configured MDTs and ATs to all slaves.

During CP3, the parameters for the slaves are set by means of the service channel. The slave
shows in "IDN-list of operation data for CP3" which data in CP3 shall be transferred (see S-0-
0019). Transmission reliability for the service channel is guaranteed by the MHS and AHS-bits
as well as the HS timeout.

The optional IP channel is active, if the master sets tg = t; = 0 the IP channel is deactivated in
CP3 and CPA4.

All bits in the device control and device status that are dependent of the application profile are
set to 0 during communication phases 0 to 2. In CP3, the application profile shall be
activated.
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14.2.6.2 Leaving CP3

The transition from CP3 to CP4 shall follow the following procedure

10) The master activates the procedure command “CP4 transition check” as defined in S-0-
0128.

11) The slave then has to determine the validity of the parameters for CP4.

12) Afterwards, the slave completes the processing of the parameters that are required for
operating the slave.

13) The slave then activates the synchronisation.
f edure

mmand executed correctly”).

15) After receiving the positive procedure command acknowledgment,
the procedure command in the slave.

16) THe master then initiates to switch to CP4 (see 14.2.8).

delete

When|the slave is not yet ready to switch over (i.e., the par
slave |have not yet been completely calculated), the slave : edure conpmand
acknowledgment — “procedure command not yet execu

When : d has
been i mmand acknowledgment —
“Error i [ i e ain in
CP3 heters
identi (e.g.,
opera a into
the “Il

After pve in
CP3,

The n ‘ RO. The“cause may be communication errors or human
interv 4

14.2.7
14.2.7.

Upon

14.2.1.2 gommunication phase 4 (CP4)

CP4 danronly be terminated by a return to CP0O. The reason for this may be communication
errors or human intervention (e.g., operator). Any slave which recognizes CPO shall shut
down itself in the best possible manner. The method of shutting down the slaves is part of the
application profiles.

14.2.8 Switching of communication phases (CPS)

14.2.8.1  Sequence of CP switching in the master

17) In order to switch communication phase, the master sets the condition in the MDT MST
(CPS =1 and new CP value in phase field). The master shall determine the current CP,
the current CP+1 or CPO as the new CP.

18) The master determines a time-out of 200 ms and waits till the slaves no longer write data
to the ATs. For this purpose the master checks the device address of all slaves to see if it
is 0; and in CP1 to CP4 it also checks the RT valid bit to see if it is 0.
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If the master still receives data from the slaves after the time-out (in CPO:
device address ADR = 0, in CP1 to CP4: RT-Valid = 1), it produces an error
message showing the respective device addresses. After deleting the error, the
master interrupts the phase switch and switches to CPO.

If the master receives a communication error in the slave's C1D (only possible
in CP1 to CP4) during time-out, it displays an error message, deactivates the
time-out and stays in the current CP in order to fix the error. If the error can be
fixed the phase switch is continued, if it cannot be fixed the master deletes the
error and switches to CPO.

19) If the device address = 0 or RT valid = 0, the master stops the transmission of MDTs or
ATs and prepares the new CP.

20) After all internal preparations are done, the master starts sending MD

ain.

w CP'
0).
21) THe master again sets a time-out of 200 ms and waits till &l sIa 3 [€ ti ata to
ATs. The master therefore checks all slaves' device agd it is #p; and
in|CP1 to CP4, the RT valid bit to see if it is 1.
a) slaves
id = 0), it displays an
ing the
b) bw CP
14.2.4.2
22) The slave recognizes the Rhase sy F , Bi = CP).
THe slave checks i g i
a) e and
B new
b) D and

23) After the

the time-out does not receive MDTO from the master it [stores
can display it (e.g. LED), after that it switches to CPO.

slave receives the MDTO with a valid condition (Phase, CPS =, and
CP=<_OK), then the new CP is active and the switch is completed. The| slave
restarts evaluating the RT data in the MDT and writes data to the AT.

— |If the slave recejves an MDTQ with the condition (Phase CBS =1,

CP = OK), it waits for the valid condition (see paragraph 23)b)).

— If the slave receives an MDTO with the condition (Phase, CPS =1 and CPO0),
it activates the phase switch once more.

— If the slave receives an MDTO with invalid condition (CP is not OK), it stores
the error and displays it on the device (e.g. LED). The slave then switches
to CPO.

14.3 Synchronisation

The master measures the ring delays in CPO and takes these into account to determine the
synchronisation time. The master transmits in CP2 the synchronisation time to all slaves. With
the procedure command “CP3 transition check” (S-0-0127) the synchronisation in the slave is
activated. The slave acknowledges the command positively if the slave is synchronised. If it
cannot synchronise within a determined time-out, it sends a negative acknowledgement.


https://iecnorm.com/api/?name=a26f97401833ed8c4e21e3d441c8dede

PAS 62410 © IEC:2005(E) - 63—

The synchronisation is generated once per communication cycle by the MDT-MST of MDTO
only (see Figure 6). The MDT MST is protected via CRC by the master. The end of the MDT
MST is a constant in every communication cycle and yields a stable synchronisation signal.

N two
all be

The slaves check the MDT MST data via CRC and evaluate the data of MDT MST.

MDTO MDT1 MDT2 MDT3 ATO ATl AT2 AT3 IP channel MDTO

H[M H|M H{M | H|M H|M H[M H|M HIM H|M

DS D[S D|s D|S D|S D[S D|S D|S D|S

RIT RIT RIT | RIT R|IT RIT RIT RIT - RIT

< > M <]:unnunnnnnnnnnun

\ RT channel
\ communication cycle / /\;
synchronization signal (once per cycle)
Figure 6 — Synchronisation timip

In line or ring topology each slave receives two occurs i
synchEonisation signals with a constant delay (see wQ” sighals sh
combiped to one synchronisation trigger.

IDLE

K,
SSD | preamble | SFD |destination/~source & pe %T RCOS FCS |E
address{| addre 0X88C U\ data field

SD

14.4
14.4.1
In adg

real-ti
resery

chronisation signal generation

ition tosthexeal-time transmission of data, SERCOS provides the ability to transm
me, data in thé RT channel. To transmit this data, the device service INFO f
ed/for the service channel in the MDT and in the AT. Special SVC control ang

statu

Q RCOS
type phase CRC
MDTO
1 byte 1 byte 4 bytes
stable synchronization sigfal

t non-
eld is
SvC

afetl MBPBT - oand AT or mneadt nieal ‘ Han—a—th PIWTP-N bhaonnal T
OT e Ivio T arg e T arc oSt U to Comtr O eAtC C ot O I eSS trvice—CrrarttieT— T Tic

the master is able to support a separate service channel for every connected device.

During a SVC transmission, the following operations are possible:

e initialization of the SERCOS communication;

transmission of all elements of a data block;

e transmission of procedure commands;

e changing limit values on demand;

e changing control loop parameters on demand,;

e obtaining detailed status messages from a device;

e diagnostic functions,

efore,


https://iecnorm.com/api/?name=a26f97401833ed8c4e21e3d441c8dede

- 64 —

e etc.

PAS 62410 © IEC:2005(E)

Any SVC transmission is always initiated and controlled by the master. The operations, 'read
element' or 'write element’, are from the perspective of the master. All operations are always

related to the last transmitted IDN.

The service channel is initialized during CP2 and is functional for the remainder of the

communication phases.

14.4.2 Service channel transport mechanism

via a
vidual

The S\/C tranepnrt of npnrafinn Hafa aorof a prr\r\ndllrn r\nmmand iIs _handlad
predetermined handling and proceeding sequence (see Figure 8 and Figare for ind
actions. The master shall strictly follow the outline of these diagrams.
Service channel (communication phase > 2) <\
( vC|contro] MDT A Q
SVC-INFO SWE-NI
\Dit5,4,3 0 \ bit1=1] IDN Data staﬁs\
d - ——
= write fead »—
oo1 Error: ne DN
 bit 5,4,3 bit 1 = 1»
Minimum
——%| value read
Maximum —
Q value write
Maximum
=™ value read
=111 ] write T
bit1=0 Data ;
——» read
bit 5,4,3 bitl=1
N, S | — g
=000 write > >

Selection of IDN

Figure 8 — Service channel handling diagram

The transmission starts with the opening of the service channel by sending the IDN of the
data block (SVC control, bits 5, 4, 3 = 001, element 1). The slave responds by writing the IDN
with the data status or the procedure command acknowledgment.
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Selection of data block element

During the next step, the master indicates which elements of the data block shall be
processed. For this purpose, the master sets bits 5, 4 and 3 accordingly in the SVC control.

Read/Write

Following this, the master indicates in bit 1 whether the element will be read or written to.
While writing, the SVC INFO field of the MDT is filled with the appropriate data for the slave
(contents of the AT SVC INFO field are invalid). When reading is selected, the slave inserts
the a i j i i of the
MDT are invalid).

Transmission steps

Depending on the length of the data block elements which ne of the

length of the SVC INFO field, several steps may be required.
Every|step transports four bytes of data.

Table|3 shows the necessary steps for the individual el

Table 3 — List o@l\ emeft an SQ

Element number Descripﬂ'cﬁ\ h&quk&@ent Number of steps
1 ok (] Veay 1
2 < /W\ \O&ional 1to 16
3 ,\ N ibué\ ﬁ/landatory 1
4

\Qﬂt Optional 1to4

§
5< > < l@nin\@ in tm Optional lor 2
6 ( Mawyvalue Optional lor 2

7 Wn data Mandatory | Fixed length: lor2
/\ Variable length:  1to 16 384
osin/g\thé\servi%&ahn\el \/ 1

(@]

The mastersindicates ih bit 2 of the SVC control a transmission in progress (bit 2 = 0) |or the
transmission of the last 4 bytes (bit 2 = 1). A transport with just one step is immediately |set by
the master as the last transmission (bit 2 = 1).

The error messages “element transmission too short” or “element transmission too long” are
executed by the slave only when the length of the actual transmitted element is not in
coincidence with the states of bit 2 in the SVC control.

End of transmission

The SVC transmission of operation data or a procedure command ends with the transmission
of the IDN for the next operation data or procedure command.

Changing of data block element

Changing the data block element is possible without an error message only when the
following bits have the status given in Table 4.
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Table 4 — Condition for modifying data block elements

Information SVC control bit SVC status bit bit value
Transmission in progress bit 2 0
Handshake bits equal bit O bit 0 MHS = AHS
Busy bit 1 0
SVC valid bit 3 1

AcCtion (Master)

New step
- Element (XXX) g

MHS = AHS
Service INFO used during write

> Repeat step
—»1 MHS = MHS (no changge)
Service INFO used durin ite
. g
- Abort st \( g?gr rlr%c;essed
Ele t (00Q) B Busy = N
MHS = AHS = MHS >
@ \/\ \ \ Valid = 1

Service INFO used during write

ou s}ﬂ@) Error if last step
10gomiunication cycles I Error=1

ithowt acknowledgement Busy =0
AHS = MHS
it 0) Valid =1

Error message in service INFO|

Valid y* (SVC status, bit 3)

Figure 9 — Communication step proceeding diagram

14.4.2.1 SVCvalid

The slave shall set “SVC valid” (SVC status, bit 3) to 1 (valid) as soon as it has finished
handling the required service channel action. It shall set it back to 0 (not valid) if it is unable
to handle the master’'s demand (MHS = AHS). In a ring topology, the slave may handle the
SVC enquiries either on the primary or on the secondary channel, depending upon
configuration. In a line topology, the slave shall handle the SVC enquiries only on one
channel (primary or secondary) as required by the master.

The master shall evaluate the slave’s SVC answer only if it reads “SVC valid” (SVC status, bit
3). It shall not evaluate it if “SVC valid” = 0 (invalid). The master shall scan the SVC in the
primary or secondary depending on the topology.
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The time-out of SVC valid is the same as HS time-out (see 14.4.2.2).

14.4.2.2 Handshake bits

During SVC transmissions, the transport of every step is secured by two service transport
handshake bits. These are the bits 0 in the SVC control (MHS) and in the SVC status (AHS).

For every new step during the transmission, the master toggles the MHS-bit. The slave
recognizes by the toggled MHS-bit that a new step needs to be executed. After the slave has
received the required step and secured it for processing, it proceeds to set its AHS-bit equal
to the MHS-bit. By comparing the MHS-bit with the AHS-bit, the master and the slaves are

alwa o _ahla tn racoanion tha antiial traoncnart ctatiic Aiirina QV/C trancpnaicoinn Can Tohlo 5
yg-able-te-recoghrize-theactualtranspertstatus—aurirg-SVCHranrsmission—See—Tablg 5.

Table 5 — SVC channel evaluation

A Ox

Master|s perspective AHS bit = MHS bit The step was received by the slave sec eh\sla} tarts
(SVC valid = 1) processing. The master shall wal fonprogessi
acknowledgment (busy =Q, bit\in theSVE statlys)
AHS bit # MHS bit or The steps were not yétxecejve r&cu d bM]e slave]. The
SVCvalid =0 master shall repeatthe la ep

N
Slave’qd perspective MHS bit = AHS bit the master do€s not requirela,new step, slave repeats the last
step )

slave AHS-bit

Master MHS-bit # the magfte rWs[é a(v\ew%
N
|

The sgervice transport handshake bits enabl
duringd the transmission, e.g.:

e when more than one cycgle will be r quir receiying or transmitting a step;
e when a new step has t < gnized~due toAan error during the transmission;
¢ when the master wjll’qot s

During every “
commjunication cyclé in

slave
Valid

es/and thg master to insert 'wait gycles’

BVious

14.4.2.

The s
that th
sends|
step.

too quickly.

SERCOS defines no “time-out” parameter for the processing acknowledgment (busy) of the
slave. After some time, the master should be able to interrupt a step which was not
acknowledged by the slave, by closing the service channel.

14.4.2.4  Service channel error messages

Errors can occur in the transport mechanism of the service channel (e.g., when the lengths of
the operation data differ between the master and the slave, or vice versa, or where the IDN is
undefined). In order to announce errors discovered by the slave, an error bit (bit 2) is defined
in the SVC status. When this bit is set, the SVC INFO field of the AT contains an error code.
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The slave is allowed to report an error message only when a new processing step is issued by
the master, that is in any of following cases:

e MHS-bit # AHS-bit (step not yet secured);
e busy bit =1 (step still in process).

When the slave recognizes an error, it ignores the actual step, interrupts and acknowledges

by:

e setting the AHS-bit equal to the MHS-bit (when not already acknowledged in a previous
cycle);

e Sefting e error bitto I {(Svesatus, ot 27,

e sepding the error codes in the SVC INFO field (see subclause 33, 3."SVC [status
and SVC INFO” in IEC 61158-4);

e selting the busy bit to 0 and

e sefting the SVC valid to 1.

Wherg the master intends to repeat the transmission of g error mesgsage,

the loyest-valued byte of the element is transmitted firs

All po

Tabfe 6 E<ro

5sible error messages are shown in Table 6; the ufused\Cades arg reserved.

Error code /l D}%:riNn
0

0x0Onnn General error

0x0000 l\(\w{r |r)/t’\se\§\ec nnel \>
0x0001 [\ Se\e Nanp&no\&\.{ )

L—

0x0009 \a’k&-tc\cesé\gNsm the service channel
0x1|Qn> Elemeé 1}N{ \/

0x1001” ¢ NIIRNCN AN

0x10q§\ Inv id}Qess t§7element 1

nn E)‘Qme}l\z (Name)

D200 o e’

\02\ Nésne transmission too short

X
bx{OOB \ \Vame transmission too long

OXZOW Name cannot be changed (read only)
0x2005 Name is write-protected at this time
0x3nnn Element 3 (Attribute)

0x3002 Attribute transmission too short
0x3003 Attribute transmission too long
0x3004 Attribute cannot be changed (read only)
0x3005 Attribute is write-protected at this time
0x4nnn Element 4 (Unit)

0x4001 No units

0x4002 Unit transmission too short

0x4003 Unit transmission too long

0x4004 Unit cannot be changed (read only)

0x4005 Unit is write-protected at this time
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Error code Description

0x5nnn Element 5 (Minimum input value)

0x5001 No minimum input value

0x5002 Minimum input value transmission too short

0x5003 Minimum input value transmission too long

0x5004 Minimum input value cannot be changed (read only)

0x5005 Minimum input value is write-protected at this time

0x6nnn Element 6 (Maximum input value)

0x6001 No maximum input value

0x6002 Maximum input value transmission too short /\
0x6003 Maximum input value transmission too long A aN
0x6004 Maximum input value cannot be changed (read only \ \
0x6005 Maximum input value is write-protected at this t)fﬁ\e\ \

0x7nnn Element 7 (Operation data) \ \ \

0x7002 Operation data transmission too short \ \ \ x

. . X
0x7003 Operation data transmission too Io/rv( \

0x7004 Operation data cannot be cha/g\e (reé?mly)

0x7005 Operation data is ymite-protegted \1/| tm@% mmunication
phase)

0x7006 Operation data |s\n\alle}\\>&the\mmw value

0x7007 Operation data is greater tha th ma um input value

0x7008 Invalid operation ata
nfi re ID S pporte invalid bit number or bit
corbin
1N

0x7009 \QQ/\\n data wxjte M\oﬁed/t{y a password

0x70 Operatppndata’l WI’ ected it is configured cyclically.
/\ (IDN issconfigured MDT or AT. Therefore writing via the service

—

C nel,i not

0x70(}€\ IMiNirect\ﬂ\c(essmg. (e.g., data container, list handling)

0 OO\ eré\'g%}ma/is write protected, due to other settings.

gy\ (e’9., pahameter, operation mode, drive enable, drive on etc.)
o\zoo&\ h{serM

< OME\ re/%rved

OXTROF \ reserved

0x7010 Procedure command already active
0x7011 Procedure command not interruptible
0x7012 Procedure command at this time not executable (e.g., in this phase

the procedure command can not be activated).

0x7013 Procedure command not executable (invalid or false parameters)

14.4.3 Service channel initialization
In CP1, each service channel starts with the following status:

e the MHS-bit in the MDT and the AHS-bit in the AT are set to 1 (see 14.4.2);
e the SVC valid is set to 1. All other bits in SVC control or SVC status are set to 0;
e any bits in the SVC INFO fields are invalid.
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Starting with CP2, the SVC INFO fields in the MDT and the AT become valid. This implies that
the master and a slave servicing several devices freeze the status of the service channel
before switching from one device to another. When addressing this device again at a later
time, the master is set to this frozen status.

14.5 Procedure command functions via the service channel

The SERCOS procedure command functions can be transmitted through the service channel.
A procedure command is considered a special type of non-real-time data which, when
transmitted through the service channel, invokes fixed functional processes in both the slaves
and the master. These processes may take up some time. Hence, a procedure command only

cause n, the
service channel becomes available again immediately for the transmissic -time
data
Contrary to non-real-time data transmission whose proceeding<is e |ast
trans : 6mmand
execution is indicated by the procedure command change bit i 5 The
mastelr is able to interrupt a procedure command during its &X
Every[procedure command has been assigned an 1D Not all
elemgnts of the data block are defined, however, mined
form. |In this subclause, only special processes, o in the
servic
14.5.1
A pro m the
maste) edgment from a slave to the njaster.
The the data block (element 7 is glways
repreg
Proce S ¢’commands to be:
e sel;
e en
e int
e ca
The s sk y he transmission of a procedure command from the master (ia the
servic

Table 7 — Procedure command control

Bits 15-2 (Reserved)
Bit 1
0 Interrupt procedure command execution
1 Enable procedure command execution
Bit 0
0 Cancel procedure command
1 Set procedure command

When starting the initializing (CP0), all procedure commands inside the master shall be
disabled and then the procedure command control shall be updated appropriately internally in
the master.
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The procedure command acknowledgment is part of the data status (see Table 8).

In order to receive a procedure command acknowledgment, the master writes the IDN of the
procedure command via the service channel.

When acknowledging a procedure command, the slave indicates the actual status of the
procedure command as given in Table 8. Bits 0 and 1 of the procedure command
acknowledgment are simply copies of the procedure command control and indicate the actual
status of the procedure command.

The procedure commands are treated as non-real-time data in the Slave.

If the |master activates a procedure command, it can take several communication.cycjes till
the slave generates the corresponding procedure command acknowlédgment erefore the
mastelr should scan the procedure command acknowledgment as s i

Bit 8

Bits 15-9 (Reserved) & \\ X
. AN

0 Operation data is valid/\ ( (7 C \/
1 Operation}k&ta is inyalid \// { \>
Bits 7-4 (Reserveﬁ,\ \ \ \ ~ )\/

Bit 3 A

0 No proced@re cman\a\ﬁ%{ >

1 /\ Errm&{ure\c@%andxecution is impossible
Bit2 N N

¢) *{oceé&re\c\om nd €xecuted correctly

\ 1> %ro dur@ﬂo d not yet executed

SPANNRSAND

/\\ ocedu% command execution is interrupted
\k \Qo&d{re command execution is enabled

RN N

- ko \ Procedure command is not yet set

X 1 Procedure command is set

disabled”and then the procedure command acknowledgment shall be updated appropfiately
interngllyvin the slave.

With fEe beginnWinitialization (CPO0), all procedure commands within the slave shall be
I

145.1.1 Procedure command change bit

In order to inform the master of the end of a procedure command being executed in the slave,
a procedure command change bit has been reserved in the device status (bit 5).

Only the following changes in the procedure command acknowledgment will set the procedure
command change bit:

e procedure command executed correctly (positive acknowledgment, bit 2 changes from 1 to
0);

e error, procedure command execution impossible (negative acknowledgment, bit 3 changes
from 0 to 1).
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All other changes of the procedure command acknowledgment (e.g., an interrupt) are not
indicated by the procedure command change bit.

The master shall read the data status by writing the IDN of the procedure command and
check the procedure command acknowledgment contained therein. This indicates whether the
procedure command was executed positively or negatively.

At negative procedure command acknowledgment, the master should read the diagnosis (if
desired) before the procedure command is cancelled.

When a procedure command is cancelled by the master, all effects of the procedure command

on thg procedure command change bit in the slave are cancelled as well,\Where the master
has a mand
ackno order
to det

As a as X procgssed,
irresp

A pro to 0.
This i

The s nds.
For pfocedure command control (CC), If the
value |is invalid, the slave generates theg

A state change to “procedurs § celling
the prpcedure command.

Wherg more thanqne b ' d execution is active and the “procedure conpmand
change bit” is s Sced status
when pll procedure’cen
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CC = 0x00 or 0x03

rocedure command not

CC = 0x03 I‘CC = 0"03;
v

w
C

4

Procedure
command
proc sed

744

Procedure command set, enabl
not yet executed

CA = 0x07 (7

set 4 CB = 0x00
CA = 0x00
Set procedure
command CC = 0x01 I‘(‘C = 0X01;
Set v Cancel
and Procedure command set procedure
erabte CA=0x01 commmTand
procedure CcC 08.0r 003
command |
CC =0x03 Setand
enable
procedure
command

C = 0x01.
Procedure 0x ;
command
. Cancel
ec_ted 4 nd szit, dlnterrupted procedure
g execute — command |
CC = 0x00 or 0X

R cedure }r{mand set, enabled
d executed

CA = 0x03

CC = 0x00 or 0x03 %

A = 0x05
%\Q@ or 0x03 ;

Procedure command set, enabled,
not yet executed, error

CA = OxOF

Cancel
procedure
command

CC = 0x00 or 0x03

Cancel
procedure

command

CC = 0x00 or QOx03

Figure 10 — State machine for procedure command execution
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Figure 11 shows the sequence of procedure command handling should be met by the master:

‘ Start ’

\ 4
CC =0x03

Timeout
€.g., 100 X tseyc

CA & 0x03 = 0x03

yes
no
CB = 0x01
yes
yes
CA = Ox0OF
Y ) Error handling :
Errgr handling : no .
Errqr during Srocedure A=0x0 Zéﬁﬁigvlf;ggrrnner?]?nd
command execution not defined
S

h 4

v M O\ 0 error |
Diagnosti@ CG.= O0X00 Diagnostics

Figure 11 — Interaction of procedure command control and acknowledgement

14.5.1.2 Procedure command execution

In the following examples of processes, the interactions between the master and the slave are
shown, including procedure command executions with or without interruption and procedure
command executions with error messages.
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Master procedure command control ! Slave procedure command acknowledgment

[ Start procedure command ]

| 0x00 ,0x03 | Set procedure|
command |
| Procedure
command [ 0x00 ,0x07 |
| executing |
Procedure |
| command |
properly L
| executed | 0x00 ,0x03 | '
Set procedure command change Ai
| - | (device status)
Y Cancel
0x00,0x00 | procedure

| command |
.

| Command |
not activated
| » Cancel eff

I <l

Y

End of procedure command ] |

PR

Master procedurfe\co

[ Start procedur{ c&wf’m\\ﬂ

0x0
omman
| Procedure
command 0x00 ;0X07
executing |
Procedure | I
(] 1 command I
- I\ _ interrupt |
o | Procedure
command | 0x00 ;OXOS
| interrupted |
¥ Procedure —
! command |
| 0x00 IOXOO
reset or |
L procedure
[ 0x00 px03 | command |

l enabled againl
> T

Figure 13 — Procedure command execution with interrupt
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Master Procedure command ' Slave procedure command acknowledgement
control |

[ Start procedure command ] I

Set
[ x00 0x03 | procedure |
command |
Procedure
command  [™5.60 px07 |
| executing
Procedure I Set error bit
I command |(dewce Status)
| execution Ox00:0xOF |
not — = Set procedure command cha b
| possible | (device st
Cancel
0x00 ,0x00 |procedure
| . command |
| Procedure
command
|not
Iactivated
[ End of procedure command ]
Figure 14 — Procedure g dyexgcuthon with error message

¥
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Section F — Update to IEC 61784-2
Overview

It should be noted that this update is based on 65C/350/CD (future IEC 61784-2). As this
future document has not yet been published, it appears here in italics for reader's
convenience. Only the SERCOS lll relevant parts are in roman type.

DIGITAL DATA COMMUNICATIONS FOR MEASUREMENT AND CONTROL -

Par{ 2: Additional profiles for ISO/IEC 8802-3 based communication QrksqHnojeal-
time applications
INTRODUCTION
This part of IEC 61784 provides additional communication profiles ( ication
Profile] Families (CPF) of IEC 61784-1 and additional CPFs with g 5 meet
the inglustrial automation market objective of identifying Real ) communication
networks coexisting with ISO/IEC 8802-3 — commonly knoy ication
netwoilks use provision from ISO/IEC 8802-3 for the lowe ifionally
provid i i -ti g ans/for support of precise
synchrpnisation of automation equipment.
More s tworks
with 1S
Adopti en for
communication with field s - ' i i i gd. This
availaqﬂny would be unacce if it Cs ' : i i i ea for
industiial communication[auto ety
e redl-time, @
e symchronised a
o eff|jcient, freque
Featurg G i stenTs, see IEC 61784-1 Communication Profile Families, shquld be
improved the §ame~wya S yerties of Ethernet networks in terms of transmission bandwidth and
netwofk span.
Anothgr imp' i ssentidl requirement is that the typical Ethernet communication capabilifies as
used i are fully retained, so that the software involved remains applicable.

|nd|cators of a communlcatlon proflle enables the user to match compllant network devices to
application dependant performance requirements of an RTE network.

5.1 specifies basic principles of performance indicators required to express RTE performance of a CP.
5.2 describes the view of application requirements and Annex C provides guidance on how to build
application dependant classes. An application dependant class could be used to find out a suitable CP.
Clause 4 specifies how conformance of a device to the CPF or CP should be stated.

1 Scope
This part of IEC 61784 specifies

e performance indicators supporting classification schemes for Real-Time Ethernet (RTE)
requirements;
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profiles and related network components based on the International Standards ISO/IEC
3, IEC 61158, and IEC 61784-1;

RTE solutions that are able to run in parallel with ISO/IEC 8802-3 based applications.
communication profiles are called Real-Time Ethernet communication profiles.

8802-

NOTE The RTE communication profiles use ISO/IEC 8802-3 communication networks and its related
network components or IEC 61588 and may in some cases amend those standards to obtain RTE

features.

2 Normative references
dated
enced
use in

industtial control systems

IEC 61588:2004, Precision clock synchronisation protocol for control

systeni

IEC 61784-1:2003, Profile sets for continuous and discrete use in

industtial control systems

ISO/IEIC 8802-1:1996(E), ANSI/IEEE Std ridged

local ayea networks.

ISO/IEC 8802-3:2001, Information technol@

betwegn systems - Local and

sense multiple access with collisign @letectio

specififations

IEEE §02.1D, 1998/E&ditio

Telecommunicatid i

metrogolitan area netwe

IEEE 402.1Q, 199 s and

information exehs orks -

Virtual

ISO 1974 N automation and systems integration — Open systems application

integrdtion framework ~ Part’1: Generic reference description

IEC 6[L491:2002, Electrical equipment of industrial machines — Serial data link for redl-time

commpumication between controls and drives.
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3 Terms, definitions, abbreviated terms, acronym and conventions

3.1 Terms and definitions

For the purposes of future IEC 61784-2, some of the following terms and definitions have
been compiled from the referenced documents. The terms and definitions of ISO/IEC 8802-3,
IEEE 802.1D and IEC 61588 series shall be fully valid for Part 2 of IEC 61784, unless

otherwise stated.

3.1.1
cycli

repetifive in a regular manner

[IEC §1158-6: Ed. 3]

3.1.2
daisyichain
a ring|configuration where the loop is open

3.1.3
drift
changle of time difference between two clocks meas

NOTE 1 The drift may depend upon manufact

NOTE 2 Indicates how much one clock appears™o
3.14
end npde

end-ppint of a link in a ne:

3.1.5
field gqrea
place in a manu

3.1.6
frame
a unit
protog
[I[EEE

3.1.7
jitter
tempgrad.change in clock signal or temporal change in otherwise regular event

3.1.8

link

transmission path between two adjacent nodes
[derived from ISO/IEC 11801]

3.1.9
message
ordered series of octets intended to convey information

[derived from ISO 2382-16.02.01]

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

eys a


https://iecnorm.com/api/?name=a26f97401833ed8c4e21e3d441c8dede

- 80 — PAS 62410 © IEC:2005(E)

3.1.10
node
end-point of a link in a network or a point at which two or more links meet

[derived from IEC 61158-2]

NOTE A node may be either a switch or an RTE end device or both.

3.1.11

packet

logical grouping of information used to describe a unit of data at any layer to convey the
upper layer user data to its peer layer

NOTE | A packet is identical to the PDU at each layer in terms of the OSI reference model
is a frame.

ta link lagel packet

3.1.12
peer modes
pair of nodes, connected with a point-to-point link

3.1.13
phase
elapsed fraction of a cycle, measured from some fixed

NOTE |Phase is often expressed as an angle, where the ti cle is~fepresented as 360 degrees
along altime axis.

3.1.14
PTP-glave
clock |n the state PTP_slave

[accoiding to IEC 61588:

3.1.15

PTP-master
clock |n the stat_

[accoiding to IEC 6X588:%

3.1.14
R-por

port in , Which is part of a ring structure

3.1.17
real-t

the ahjility(ofia system to provide a required result in a bounded time

3.1.18
real-time communication
transfer of data in real-time

3.1.19
Real-Time Ethernet (RTE)
ISO/IEC 8802-3 based network that includes real-time communication

NOTE 1 Other communication can be supported, providing the real-time communication is not compromised.

NOTE 2 This definition is dedicated but not limited to ISO/IEC 8802-3. It could be applicable to other IEEE 802
specifications, for example IEEE 802.11.
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3.1.20
ring

a network configuration where each node is connected to exactly two adjacent nodes in a
circular topology

NOTE

3.1.21

Ring may also be referred to as loop.

RTE end device
device with at least one active RTE port

3.1.22

RTE gnd node

end npde with RTE capability

3.1.23

RTE gort

MAC-sublayer point of attachment of an RTE end device to a Iq

NOTE | This definition is derived from that of bridge port in ISO/IEC 10038:°4998%, as.applied to local MAC b
3.1.24

schedule

tempdral arrangement of a number of related operatig

3.1.25

switch

a MAC bridge as defined in IEEE 802.

3.1.24

switched network

network containing alsp

NOTE |Switched ne k ased on |IEEE 802.1D and IEEE 802.1Q with MAC
and prigrity operati

idges

bridges
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3.2 Abbreviated terms and acronyms

APDU Application Protocol Data Unit
CP communication profile
[according to IEC 61784-1]
CPF Communication Profile Family
[according to IEC 61784-1]
CRC cyclic redundancy check
CSMA-CD Carrier Sense Multiple Access with Collision Detection
DA Destination-MAC-Address
DL Data Link layer (as a prefix) (

DLL DL-Layer /\& ) (\

DUT device under test \ \ )

FCS frame check sequence < \ \ >

ID Identifier (\\ \‘ \

LAN Local Area Network ~ \\/

PDU Protocol Data Unit /\( \\// /\

MAC Media Access Control ( ) \)
S
)\/

RTE Real-Time Ethernet

PTP Precision Time Pro‘t{co\wgqél@&zb\oﬂ\/
\

RT-Ethernet Real-Time Ethernet

&%&
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3.3 Conventions
3.3.1 Conventions common to all layers
3.3.1.1 (Sub)clause selection tables

(Sub)clause selection for all layers is defined in tables, as shown in Table 1 and Table 2. The
selected base specifications are indicated just before the selection table(s). Selection is done
at the highest (sub)clause level possible to define the profile selection unambiguously.

Table 1 — Layout of profile (sub)clause selection tables

Clapse Header Presence Mraints
Table 2 — Contents of (sub)clause selection e
Column Text Me@g \ \ \
Clause <#> (sub)clause number of the base speGifications._- %
Header <text> (sub)clause title of the base spe;,/ ifications
Presence NO This (sub)clause is not included|in the pfofile

YES This (sub)clause is fullgie(/{£00 \whﬁjfd |me pr?)‘f}
in this caseﬂgther ven

— Presence is\dgflne}i\(n\tme foIIo\ang st\QcIauseS

Partial Parts of this (Sl}chIau\SQ |§\Ucluc}e\d in the-profié

Constraints See <#> Constraints/remarks are defi given subclause table or figure of this
profile document

— No constraint: othe thamngive in thefeference document (sub)clause,
¢ Toxnorappived .

<text> The\(bxt defines constrain\dl/rectly, for longer text table footnotes or table
[\ [Rotes may be use

If seq the profile, then the numbers are concatenated.
EXAMH

[NO [— |
3.3.1.

If seldction of servicés is defined in a table the format of Table 3 is used. The table idegntifies
the selletted services and includes service constraints, as explained in Table 4.

Table 3 — Layout of service selection tables

Service ref. Service name Usage Constraint
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Table 4 — Contents of service selection tables
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Column Text Meaning
Service ref. <#> (sub)clause number of the base specifications where the service is defined
— Not applicable
Service name | <text> The name of the service
Usage M Mandatory
(0] Optional
— Service is never used
Constraints See <#> Constraints/remarks are defined in the given subclause, table or figure of this
profile document
— No constraints other than given in the reference document (sub)clause,
ornot annlicahla
<text> The text defines the constraint directly, for longer text table fof\ﬁﬁm\i{table
notes may be used

If sele

table
Table

| Each
ihed in

Parpmeter ref. Parameter name (\J\s\gg%/ /\ Constraint
\)
Table 6 — Contents Wa eter sglection tables
Column Text\ \\/ Meaning
Pprameter ref. <#> N\ (suB)ch,us\e nu?npér\of the bjﬁse specifications where the service is defined
— ] t applical
Plrameter namextextx_ pamegf the service parameter
Usage w < Mandatory
0 OBﬁQnaj >
e SAttriolte s neder present
Cpnstraints Séin\ Cbns\trﬁior}sx’/remarks are defined in the given subclause, table or figure of this
[Rrofiledgcument
Nox¢onstraints other than given in the reference document (sub)clause,
K\ Q}Z)t applicable
Q \x&w B The text defines the constraint directly, for longer text table footnotes or table
\‘> notes may be used
3.3.2 Physical Layer

No additional conventions are defined.

3.3.3

3.3.3.

Data Link Layer

1

Service profile conventions

No additional conventions are defined.

3.3.3.

2

Service and parameter selections

These are described using the common conventions, see 3.3.1.2.
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3.3.4 Application Layer
3.34.1 Service profile conventions

ASE and class selection is described using (sub)clause selection tables, see 3.3.1.1. If the
usage of selected ASE and classes is further constrained this is specified in the profile (e.g.
an optional item of the base standard is mandatory in the profile).

If selection of class attributes is defined in a table the format of Table 7 is used. The table
identifies the selected class attributes and includes their constraints, as explained in Table 8.

Table 7 _ 1| Q\Jlnllf of class attribute selection tables

VAN
Attribute Attribute Name Usage %straint

AN \>
Table 8 — Contents of class attribute ?@x

Column Text /Mﬁam@)\\ \\\/

httribute <t> Attribute number of the base spgcification clags
— Not applicable .

Attribute Name | <text> The name of the attribute ( \ \." / A\

sage M Mandatory /~ N 2 0/
o) Optional N )

— Attribute is nevé\preséqt

Constraints See <#> Constraints/rgmarks are defingdhin the given subclause, table or figure of this
profile document ™~

— No constraint,othex thamgivenNn the’reference document (sub)clause,
(\ E\no applicabl N

<text>l\ Theext defined\heiconstrain \ﬁrectly, for longer text table footnotes or table

(hotes mdy be use

3.3.4.p Service a Nﬁons
i c n

Thesd are describe

S conventions, see 3.3.1.2.
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4 Conformance to communication profiles

A statement of compliance with an RTE Communication Profile Family (CPF) Profile of this future
Part 2 of IEC 61784 shall be stated! as either

Compliance to IEC 61784-2:2007 CPF n <Type> or

Compliance to IEC 61784-2 (Ed.1.0) CPF n <Type>

whereg] the Type within the angle brackets < > is optional a

includ

A con
Claus

Compliance to IEC 61784-2:2007 CP n/n <Type> or

Compliance to IEC 61784-2 (Ed.1.0) CP n/n <Type>

Eed. Type could be any character string.

formance statement should be supported wit
a}

¥

to be

hed in

1 |n accordance with ISO/IEC Directives
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5 RTE performance indicators

5.1 Basic principles of performance indicators

A network that includes real-time communication and is based on the ISO/IEC 8802-3
standard is called Real-time Ethernet (RTE) network. Users of RTE networks have different
requirements for different applications. In order to satisfy these requirements in an optimal
way RTE communication networks complying with CPs described in this standard will exhibit
different performance.

Performanece—rdicato peciied+-5-3)-shal-be-used-to-specircapabilitie evice
and an RTE communication network as well as to specify requirements” of~\an appfig¢ation.
Perfofmance indicators will be used as a set of interaction means be S of the
RTE CP and the manufacturer of RTE CP compliant end-devices a hents.
5.2 specifies the application requirements view.
Perfoimance indicators represent:
d) capabilities of an end-device,
e) capabilities of an RTE communication network
f) as|well as requirements of an application.
A con e RTE
capab some
indical
NOTE Q 2 ple the
indicatqr "Throughput RTE (90%)*~and " Q%) se that
would describe a transmission toad of 18
No ggneral boundary i pnerformance are specified for the indicafors in
this standard, b pecify boundary values for a CP based progduct if
they claim to be
Techn
g) se in 5.3
rel
h) int
i) opti , S
Eqch of .the ance
indicater\is presét to a fixed value (typically optimised to have the best o¢verall

perfatmance). The other performance indicators in the list are shown with their rglated
cohsistency limits

j) optionally, a more comprehensive representation of the relation between performance
indicators (Figure 1 shows an example of a graphical representation).
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100%
S 80% -
2
©
S 60% LN e
o invalid
I 40% -
x
S 0, . ,, _
S 20%
0% : ‘
0% 20% 40% 60% >
% of Throughput RTE max

The s provide at least one

consig n by the supplier $hould
be bag
NOTE } etween
perforni

NOTE } all the
others. elevant
leading| i y high
importd Felation
betwee tion of
consistg

5.2

The ¢ ‘ . The
indical iCation requirements to the capabilities of compagnents
compl of this part of IEC 61784,

Figurg track view of application requirements and the matching process qf RTE
communicati apabilities. A profile is suitable if its indicator values at leas{ meet
the re i

NOTE 1 A principle for selecting the matching CP is described in ISO 15745-1.
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A

2
c
£
o S User requirements
%g toa RTE
=g network
g B
T =
n =
£ 3
% 2 Available
S @ RTE profiles

[}
Oo

Figure 2 — Abstract view of applicaton

The informative Annex C gives guidang application dependent class.

NOTE 2 The application depepd hre a S a CP x/y to be suitable for this application.

5.3

5.3.1

Delivg d to convey an APDU (message payload) from one
node Mation). The delivery time is measured at the interface
betwe he (Fieldbus) Application Layer Application Entity

NOTE ] ipti { the)Application Layer concept with a description of Application Process and Apglication
Entity i en_i 58 4

The maxi iverytime shall be stated for two cases:

e no|transmission.eprors and

e onedost’frame with recovery

NOTE Z—The permanent faiture conaition s describedim 5.3.9
5.3.2 Number of end nodes

Number of end nodes shall state the maximum number of RTE end nodes supported by a CP.

NOTE The network devices like a switch are not counted in the number of nodes.
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Basic network topology

The basic network topology supported by a CP shall be stated out of the topologies listed in

Table

9, or as a combination.

Table 9 — Basic network topology types

Basic network topology CP

hierarchical star CP m/1

ring (loop) CP m/2

daisy-chain CP m/3

NOTE A real topology could be any combination of the

three basic topologies.
5.3.4 Number of switches between end nodes
Numbgr of switches between end nodes supported by a CP.
5.3.5 Throughput RTE
Throughput RTE shall indicate the total amount of APDU data(by et length) on one link
per sgcond.
5.3.6 Non-RTE bandwidth
Non-RTE bandwidth shall indicate the(per Non-
RTE gqommunication on on
NOTE |The indicators throughp
5.3.7
Time pynchronis node
clocky.
5.3.8
Non fjme: cyclic
behaviodr o rk for
establjishi
NOTE 1 This factors e of the
coheremcy spread.
NOTE 2 « The event can be unicast, multicast or broadcast, or made of a set of simpler events.
5.3.9 Redundancy recovery time

Redundancy recovery time shall indicate the maximum time from failure to become fully
operational again in case of a single permanent failure.

NOTE

If a permanent failure occurs, the delivery time of a message is the redundancy recovery time.
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