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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Real-time Ethernet SERCOS lli

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object e C is to promote
international co-operation on all questions concerning standardization in the electricalland electronic fields. To

Technical Reports, Publicly Available Specifications (PAS) and Guides (hgfeafter (refe “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any | \ {
in the subject dealt with may participate in this preparatory work. Intern

agreement between the two organizations.
2) The formal decisions or agreements of IEC on technical matters ex , as as possible, an international
consensus of opinion on the relevant subjects since each techni
interested 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\magde e technical content of IEC
Publications is accurate, IEC cannot be e in v
misinterpretation by any end user.
4) In order to promote international uniformity y
transparently to the maximum extent possible in ¢ ggional publications. Any divergence

between any IEC Publication and the corresponding natj glonal publication shall be clearly indicated in
the latter
5) IEC provides no marking pre indj ahd cannot be rendered responsible for any

equipment declared to be i
6) All users should ensure that th
7) No liability shall attach [oNEC 0

other damage o
expenses arising
Publications.

8) Attention is drawn t

German Publication Nulkpber DE 102 37 097 A1.

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

The holder of this patent right has assured the IEC that he is willing to negotiate licences under reasonable 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 made
available to the public .

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 intended that the content of this PAS will be incorporated in the future new editions of the
various parts of the IEC 61158 series and IEC 61784 series according to the structure of
these series.

This PAS shall remain valid for an initial maximum period of
2005-08. The validity may be extended for a single three-year fexi
be revised to become another type of normative document or s

10
it shall
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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 drive systems) and IEC 61158/61784 series (communication)
according to 65C/365/RQ, references to these new standards will be incorporated later on, in accordance with the
relevant SC22G and SC65C working groups.

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

NOTE 3 A temporary "Type S" has been allocated for SERCOS IlI.

] preface to the

The SERCOS/CPF16 standard structure is described in the tabfe 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 calo profiles \\)\/
edition)

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

IEC 61158-2 ica\l layer specification 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 edition) (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)

Type specifications for CP16/1 and CP16/2

Type specifications for CP16/3

/RN
imegaoRgs

©

Y%
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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) twisted-pair wire medium, at 100 Mbit/s, according to ISO/IEC 8802-3 — 100Base-TX;
c) optical fibre medium, at 100 Mbit/s, according to ISO/IEC 8802-3 — 1(]

2 Normative references

IEC 61491:2002, Electrical equipment of industrial machines or real-time

communication between controls and drives.

information

Qns and

ISO/IEC 8802-3:2001,

Information technology

29.1 Transfer medium

29.1.1 Basics

The physical la 0
transmission mo

29.1.2 Topolog
e topology consists of point-to-point transmission lines and

he masterand the slaves are part of the network and are its participants. The
een the participants is a shielded CAT5 (or better) cable.

(trepy mp
participants.
connection line bet

Each participant has two communication ports (port 1 and port 2). Port 1 (P1) and port 2 (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 primary
and secondary telegrams. This is important when a slave is added to thel commynication at a
later point in time (hot plug). When a slave receives telegrams with thle sapre SERCOS type
on both ports (MDTO-P or MDTO-S) it recognizes a line. When it reCei TO-R on one
port and a MDTO-S on the other port, it recognizes a ring.

29.1.2.2 Ring structure

The ring structure consists of a primary and secondar ] AN shaves work in forwarding
mode (see Figure 1). Redundancy against cable break i e Ve nugh this ring. It is also

=== primary channel
P y master

secondary chann nd P2)are interchangeable

N

processing

processing

slave

P1 2 };W P2 P2 P1

slave \ 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.
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TxD

master P1 = Portl
P2 = Port2

RxD

P1 P2

master

processing

P1 and P2 are interchangeable

e 2l ——=

P1 P2 P1 P2 P2 P1

slave 1 slave 2 slave 3

slave 3

29.1.2.4 Transmission media
29.1.2.4.1 Transmission medium

The characteristics of th
maximum noise immunity

SERCOS devices sha
that standard ca
29.1.2.4.2 Transy

The characteri

Master and slave hate the same hardware properties. Each port is assigned to a processing
unit and a multiplexer (see Figure 3). The functions in the master and the slave depend on the
topology and on the time slot within the communication cycle (RT channel or IP channel).
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P1-->P2

processing P> MUX
RxD —P»| unitP1 p2 —»TxD
>
Port 1 Loopback P1
Loopback P2 Port 2
<
MUX .
processing
™ <4—— Pl P unit P2~ [€—
P1<--P2

Figure 3 — Block diagram of master and

29.2.2 Forwarding

In the slave, the data from RxD (P1) shall be passed ; ~
The data from RxD (P2) shall be passed on wi ith e to TxD (P1). See
“Forwarding P1 — P2” and “Forwarding P2 — i i Wile the RT channel is
active, the data shall be passed o e IP channel is active,
forwarding shall always be active and i
depending upon communication load.

In the master, forwarding shall always
the IP channel is active, fopwarding

e activated if@ i 8 two independent lines or to a faulty ring
n i S

configuration.
I:l |:| | Forwarding: P1-->P2 >

either at once ordatenin ti

processing fb———pp MUX
unit P1 P> L TxD
Port 1 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 when the slave is the last physical one in the line topology;

e when a cable fault is detected.

The master shall have no loopback functionality.

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

processing N
RXD —{ unitP1 /""%’& B
Port 1 Loopback P1 Port 2
processing

D unit P2 [@— RxD
29.2.4 Deviceb
Slaves wi 07and 255 shall also behave as described in 29.2.2 and 29.2.3.
They sh DTO in the same matter as the slaves with other addresses.

29.2.5 Redundancy\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 P ux
P RxD —P{ unitP1 P2 TXD
Port 1 Master Port 2
P-Channel MUX processing
TxD Pl unit P2 |«¢— RxD <
P1<--P2
_ P1-->P2 P1-->P2
o processing MUX processing
P RxD —P{ unit P1 P2 TXD p{ RXD —P» unit P1
Slave 1 Slave 2
Port 1 Port 2 Port 1
MUX - M -
processing pracessing:
TXD <—E‘ unitP2  |g¢—RXD 4———— XD <—T PLN N )—RxD <+
al
P1<--P2 FNZ
A\

Figure 6 — Ring topology example

29.2.5.2

29.25.2.1

Cable faults between slav

S

Case 1: Double channeNntextuption\bet

N\ AN
reetoons

0 slaves

P1-->P2
MUX
P2 TxD
@ Master Port 2
/\ Chahpel MUX Srocessg
\ PTXD P1 unit P2 |«€— RXD <
" pre-p2
- ->P2 P1-->P2
o processin MUX processing
P RxD —{ unit P1 p2 ——PTxD —p{ RXD —{ unitP1 TXD
Slave JJ Slave 2
Loopbagk P1
Port 1 Port 2 Port1 Coopthek P2 Port 2
MU - -
processing rocessing
TxD P1 unit P2 [@—RxD <~ D unit P2 [@—RxD €—
P1<--P2

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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