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National foreword

This British Standard reproduces verbatim EN 50170 : 1996 and implements it as the
UK national standard.

The UK participation in its preparation was entrusted to Technical Committee
AMT/7, Monitoring and control aspects of AMT, which has the responsibility to:

— aid enquirers to understand the text;

— present to the responsible international/European committee any enquiries

on the interpretation, or proposals for change, and keep the UK interests
informed;

— monitor related international and European developments and promulgate
them in the UK

A list of organizations represented on this committee can be obtained on request to
its secretary.

Cross-references

Attention is drawn to the fact that CEN and CENELEC standards normally include
an annex which lists normative references to international publications with their
corresponding European publications. The British Standards which implement
international or European publications referred to in this document may be found in
the BSI Standards Catalogue under the section entitled ‘International Standards
Correspondence Index’, or by using the ‘Find’ facility of the BSI Standards
Electronic Catalogue.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 2007 and a back cover.

This British Standard, having Amendments issued since publication
been prepared under the
direction of the DISC Board, was  Amd. No. Date Text affected

published under the authority of
the Standards Board and comes
into effect on 15 December 1997

© BSI 1997
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Structure of the document and overall
table of contents

This standard contains three fieldbus concepts, which are in widespread use and
which are already standards or pre-standards on national level of some European
countries. The three concept are well known under the name of P-NET, PROFIBUS
and WorldFIP. Due to universal use of the overall standard the TC65CX decided to
collate the concepts into one standard document and to name it "General Purpose
Field Communication System" (GPFCS). Thus manufacturers and users have to refer
to only one document while searching for an appropriate solution of their
communication needs and they will still have the possibility to make a choice
fulfilling their requirements.

In order to give the reader a clear orientation, the standard is divided into
three volumes and each volume is divided into well known parts, following the
IEC 1158 project subdivision developred by the IEC SC65C WG6 as a guideline.

The part numbering of this document reads as follows: After the EN number the
first digit indicates the part of the standard, the second digit indicates the
volume which contains the part.

Example: Under EN 50170-6-2 the reader will find Part 6 in volume 2, which is
the Application Layer protocol specification of volume 2.

Volume 1 contains:

Page
Part 0-1 INEYOAUCELIOM . oottt ittt ettt ittt ittt ettt esne e anasennns 9
Part 1-1 General description of EN 50170, Volume 1 (P-NET) ........cuviiuvunnn. 21
Part 2-1 Physical layer specification and service definitions ................ 29
Part 3-1 Data link layer service definitions ........... .. iiiiiiiiinnnnnn. 37
definition of services are together with the protocol in 4-1 ...................
Part 4-1 Data link layer protocol specifications ............... .. .. ... . ... 39
Part 5-1 Application layer service definitions .......... ... .. . . i i 61
Part 6-1 Application layer protocol specifications .............. ... .. ... .. 55
Part 7-1 Network MAaNagemMeNt . .. ...ttt ittt enneeenneeeenaeeeenaeeeesneeennssns 75
Part 8-1 User specification .................................................. 79
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Foreword

This European Standard was prepared by the Technical Committee CENELEC TC 65CX,
Fieldbus.

The text of the draft was submitted to the formal vote and was approved by CENELEC
as EN 50170 on 1996-07-02.
The following dates were fixed:

- latest date by which the EN has to be implemented
at national level by publication of an identical

national standard or by endorsement (dop) 1997-06-01
- latest date by which the national standards
conflicting with the EN have to be withdrawn (dow) 1997-06-01

In accordance with CEN/CENELEC Memorandum 8 on Standardization and Intellectual
Property Rights (IPR), the CENELEC Central Secretariat received a declaration from
the three consortia, i.e. PROFIBUS, FIP and P-NET (which are being endorsed as the
European Fieldbus solutions with this standard) that
- either there are no IPR rights linked to the specification (FIP and P-NET);
- or that a non-exclusive license is given, free of charge (PROFIBUS).

Some reservation is however to be made to the use of the P-NET® logo, which is
limited to members of the International P-Net user Organization ApS. The conditions
of using the logo are mentioned in the relevant part of this standard.

Current situation in the European market

The market today is using several well recognised solutions which meet the user
needs.

Users and manufacturers in European industry have invested research and
development efforts to make fieldbusses becoming a reality in the industrial
automation market.

Consequently Europe decided to take advantage of its leadership in technological
know-how and product development, in order to ensure return on the investment
that have been made in the past.

TC65CX has selected three solutions to define EN 50170 which are standardised ir
a European country, market proven, open, validated and for each of whicl
conformance tests exist.

The existence of standardised European fieldbus solutions gives therefore
stability and certainty to the industry in all European nations and offers the
possibility of gaining experience with the new technology today.

A European standard must be available to avoid that too many proprietary de
facto solutions occupy the market. Since the completion of future applicable
developments in IEC SC65C is still pending, users and manufacturers need today a
few cost effective solutions which are applicable to most field devices today.

EN 50170 objective

Given the above mentioned considerations EN 50170 points out the following
objectives:

-it is a good solution to £fill the gap until IEC 1158 is both complete and
proven, and to extend the scope of Fieldbus to many industrial domains,

-it clarifies the situation in Europe with three open standards out of ove:
50 mainly private solutions . This reduction of the variety of concepts will
encourage the manufacturers to develop field devices that are c atible to
concepts included in EN 50170. This will increase the competit Gﬂmecmts
an open neutral communication technology between manuiaccurermc@fientdgddngHub
equipment to the benefit of the user,
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-it eliminates problems of limited availability and monopoly. EN 50170 is,
for the time being, the only comprehensive specification fulfilling a
variety of user needs for fieldbusses. The specification is complete for
all the layers, industrially mature and there are proven applications world-
wide. It 1is the immanent nature of standardisation to avoid monopoly
situations by making specifications accessible to the public, ensuring that
there are no exclusive intellectual rights owned by a single organisation.
As a consequence, EC harmonisation policy has chosen open standards as the
basis for products used in rublic procurement.

From this point of view, EN 50170 1is fully in compliance with CENELEC
standardisaticn principles

International standardisation effort

Efforts of numerous fieldbus standards organisations and projects. such as the
development of the IFC, ISP, WorldFIP, or Fieldbus Foundation have governed this
trend in the area of fieldrus communications. Still missing, however, is a
world-wide fieldbus standard fcr field devices and field instruments.

While, outside Europe, discussions are still going on about the fieldbus
concepts, European fieldbus sclutions are becoming commodity items in many
application domains.

Taking into account the develcpment process of the specification of the
international fieldbus in the IZC SC65C WG6, which up to now resulted in the
publication of the common IEC/CENZLEC publication on the physical layer IZC IS
1158-2/EN 61158-2, the following statements are obvious and they should be taken
into account while considering tze results of CENELEC TC 65CX.

Standardised profiles are needec to allow inter-working between devices in given
industrial domains. The NWIP (Mew Work Item Proposal) « profiles for process
control and manufacturing » is arproved inside IEC SC65C WG1l, but no work has
started yet.

Even if IEC fieldbus standard ccmpliant products may be made available after
completion of the specificaticn and its industrial implementation, the
definition of conformance test rsguirements has not yet started.

However, the NWIP « conformance :testing » is approved within IEC SC65C WG6, kut
there are still no plans to star:z the work effort.

The international standard status

The publication of a complete and proven international fieldbus standard can be
expected in three to five years at the earliest.

The only approved standard IEC IS 1158-2/EN 61158-2 is receiving several series
of amendments either to amend the existing specification or to add new media,
which will not directly inter-communicate, unless there are additional
adaptions.

Ultimate aim of international fieldbus standardisation

IEC SC 65C and CENELEC TC65CX will continue to strive for an international
fieldbus base standard, severzl international standardised profiles and
internationally standardised ccniormance test methods within the IEC SCé5C.
TC65CX has already agreed to acdcpt the results of SC65C on fieldbus once the
work is complete and proven. To assess this, they will propose to European
nations an explicit vote to publish IEC 1158 project specifications as an EN.
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Usage of EN 50170

According to the history and the decision of TC65CX neither to develop any new
compromise nor re-write the actual concepts on the market, the reader should pay
his dedicated

ATTENTION

to the following notes:

-nThe EN 50170 contains the following three different specifications without
attempting to develop any compromise or to mix them as per the PAS
principles:

EN 50170 volume 1 (based on and technically identical to DK 502058 and DK
502066)
EN 50170 volume 2 (based on and technically identical to DIN 19245 series)
EN 50170 volume 3 (based on and technically identical to NFC46602, NFC
46603, NFC46605, NFC46606, NFC46606_Al1, NFC46607, NFC46607_Al1, IEC
IS1158-2).

The concepts of these specification are different from each other and

therefore they canpnot communicate together unless there are additional

adaptions. For each implementation, you have to select the one which suits
the users’ application needs”

e Each one of the three ccncepts has been described according to ISC/0SI
layering even if for rerformance considerations the layers structure
adopted in each concept is simplified and does not comply in detail with
the classical one, This limits the combination, reduces the variety of
solutions easening the inter-operability inside each «concept. The
interoperability betweern the three concepts contained in this standard is
not forseen and may be achieved by other means in the users application
only.

e Provisions exist in each concept to detect any attempt to mix products
pertaining to other corceprts and to avoid that such a mistake will not
lead to corrupt the working fieldbus; Several levels of protecticn exist,
that cover connectors, vrhysical layer ccding, different speads and
effective network managemen

e TEC based solutions will not solve more easily those safety problems of
connecting a device which is not allowed on that bus. Several hazards
will still exist due tc -rariations of the versions of the physical layer
(connector 1is not mandatory, neither is the insulation via a
transformer), also different options in the Data Link which may corrupt
the Link Active Scheduler timing schedule.

Conformance testing

It is stated by CLC/TC65CX <chat one (or more) Competence Body has to be
accredited by the appropriats authority as soon as possible, in order to
certify the prcducts as compliant to the possible concepts of EN 50170, so that
users may be provided with the correct elements to select products for their
fieldbus applications. Meanwhile each product supplier has to declare, under
his own respcnsibility, which EN 50170 concept he uses, and to what extend
within that given concept, his product is compliant to. To facilitate this TC
65CX will publish after EN 50170 has been approved the appropriate set of PICS
(Protocol Implementation Conformance Statements) pro-forma.
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1 Scope

General communication standards for automation systems have come a long way in
the last years, bringing the concept of open system interconnection closer to
general acceptance and wide spread use.

EN 50170 is a standard specifying a set of solutions named General Purpose Field
Communication System. The scope covers complex devices, intelligent field
devices as well as simple I/0s. It is not limited to the process industry but it
intends to meet the needs of most industrial domains. To date, there is no
single concept able to cover the complete range of communication qualities in a
simple way.

2 Introduction to General Purpose Field Communication System

2.1 What is a "General Purpose Field Communication System"?

The ,general purpose field communication system* is principally a communication
means between equipment close to the manufacturing process like sensors and
actuators on machines, etc. and the control 1level equipment. Further precise
definition is difficult as it limits the use of this communication technology.

The scope of information transfer goes far beyond of replacing analogue 4 to 20
mA signals. Decentralised intelligent systems need communication from and to
devices in a comfortable user or application oriented way. They have to fulfil
all requirements of modern Industrial Process Measurement and Control Systems
(IPMCS), which means high flexibility and adaptability. There is a clear trend
in all economical sectors towards the use of intelligent decentralised systems
using field communication as a kasic functionality.

Nevertheless the "general purpose field communication systems", which will
further on be called *"fieldbus*", can be described by some outstanding
characteristics:

Closeness to the physical process

For a 1long time fieldbus has been considered as the lowest level in the
communication hierarchy. The fieldbus connects the sensors, actuators and even
complex devices to the control system, independently whether they handle binary
or analogue signals. These sensors and actuators are directly installed in the
physical process. Consequently the fieldbus builds the borderline between the
physical process based on analogue signals and the control domain based on
digital information. In the meantime the technical progress 1leads to more
specialised solutions, e. g. ASI, CAN and others, which are summarised by the
term "sensor/actuator busses". Systems which are optimised in this direction are
not in the scope of this standard.

The equipment located close to the process has integrated more and more
intelligence and need to be served by a more general purpose communication
system without sacrifying the requirement of transferring in a timely way the
primary control information.
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Larger areas

The word "field" also associates a larger expansion. While distances up to 10 m

are still the domain of parallel or specialised serial busses, fieldbusses cover
distances between several 100 m up to 5000 m.

Number of devices, costs

As the fieldbus concept is far away from the initial 4 to 20 mA control 1loop,
the number of devices connected has increased and is considered in the range of
ten to several hundred for one bus. In a plant (i.e. chemical plants or off
shore platforms) up to ten or more fieldbus segments may be implemented having
several thousand devices connected to the busses. The fieldbus is then a
technology to interconnect very simple devices to sophisticated ones and there

is a need for a range of connecting interfaces where low cost is a dominating
requirement.

Time-critical operations

Fieldbus communication systems are cftenly integral part of control functions of
automated processes. As such they have to comply with time constraints imposed
by the control system. Basic features are predictable time access as well as
predictable delivery time. It should also offer resistance to traffic overlcad
in case of burst of events.

Transmission integrity, availability

As this communication system is the only link to the production process, the

transmission shall be very reliable. Fieldbusses should therefore offer the
following features at minimum:

e transmission integrity with undetected error rate below one error in 20 years
e redundancy capabilities such as cual media or dual buses,

e transmission verification (timelines, acknowledgement, ...)

User selection of services

Application have various needs in terms of priority, services integrity, time
behaviour and recovery in case of network congestion.

This means that services and quality of services shall be user (or application)
selectable.

For a given field equipment, it may have to accomplish this different qualities
when used in one or another type of application. Then the fieldbus shall support
remote configuration in order to select the proper communication quality as well
as the proper local application options.
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Integration, open architecture

In addition to the classical client server approach, the fieldbus should support
distributed time critical architecture in which the exchanges are done through
,variables* which constitute a shared database updated in real time.

Heavy environmental condition

As the fieldbus is close to the process, it is subject to harsh environment and
more specifically shall withstand without error high electromagnetic
interference. This level of interference is modelled by the ,severity 3* of the
IEC 801.x standards and enforced by the EEC directive 89/336 (CE mark).

Solutions

All of the above features are engineered in distinct fieldbus solutions. Each of
them have privileged certain aspects according to the overall system philosophy.

These solutions are now well established on the market and cannot be reconciled
easily in a single solution, without requesting a complete re-engineering of
them and finally leading to a distinct profile of the common solution.

The EN 50170 has selected solutions whose functionalities will be integrated by
IEC 1158, when available, according to the following set of criteria:

1. cCandidates shall be national standard or pre-standard.

2. Candidates shall fit into the scope and policy statement of TCé65CX (see
documents CLC/TC65CX(SEC)4 and CLC/TC65CX(Bx1/SEC)1).

3. candidates shall be suitable for comparable usage in applications by
providing features such as:

. bus type topology

. client/server functiornality or producer/consumer functionality with
distributed database

. a complete range of services in Data Link Layer, Application Layer and
for System Management

. bandwidth of candidates shall be appropriate to the number of connected
elements

4. Candidates should be documented in English language according to classical
OSI/IEC decomposition in layers.

S. The description shall cover all aspects of communication in order to be able
to build an open working system.

6. Candidates shall be already in use in commercial products and running in
industrial plants (demo is not considered as industrial use).

7. Products should be available in quantities and at low price. Users shall be

in the position to make experiences with fieldbus products and be given
advice on how to use existing concepts.
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8. Products of the candidates shall be available from several sources and
commercialised openly.

9. The physical layer of candidates shall be able to satisfy the prEN 50 082,
part 2 on EMC, comparable to IEC 801-2 to 6, class 3, for industrial use.

10. candidates shall have appropriate mechanisms for transmission error
detection.

According to ITSTC 1653 the candidates shall fulfil the following general
criteria:

11. The specification shall be open, widely accepted, well documented, stable
and support interoperability.

12. The documentation of the candidates should - in line with the procedures and
conditions of CENELEC - be free of Intellectual Property Rights and
Copyright aspects. '

13. The specification shall be complete and describe the necessary interfaces in
such a detail that no problems may arise for implementation purposes.

14. There must be no restriction related to testing the implementation.

2.2 Fieldbus as part of the control hierarchy

The general purpose field communication system covers the two lowest
communication systems within the factory control system hierarchy. Fig. 1 shows
a detail of the company wide communication schema. It should be noted that field
devices need also to be connected to the cell-bus directly.

Area-
Factory- controller
level I
Bu:l cycle- < Area Net >
me
100 ms )
> / Fieldbus
Toll- Cell- Application Area
| level controller} g
Bus cycle- other devices
F :‘orse Celibus NC, Robot
<100 ms

Field- @ Pu Ii' nolebook, handheld

level

Bus cycle-
time
<10 ms

SensorfActuator-Bus

g @

Sensor Drive

Figure 1: Fieldbus in the control hierarchy.

On the cell level communication typically occurs between the cell controller and
the subordinated control devices, e. g. PLCs as well as between the PLCs
themselves and other devices such as human operator interfaces, which may be
based on general purpose computers.
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On sensor/actuator level the information flow is normally vertical between the
control devices such as PLC and the sensor/actuators. Today only in seldom cases
a horizontal flow between intelligent field devices takes place.

But field devices are growing in functionality, to carry out functions such as
diagnostics, calibration, configuration and data validation. There are
significant benefits to distribute also local control functions to field
devices, which perform these control functions in a autonomous way by co-
operating and interchanging information between themselves.

This is normally done under the supervision of a controller looking for proper
data exchange between those devices, thus leading to truly distributed
applications and distributed, consistent systems.

2.3 Application areas and their specific requirements

The specification of a general purpose field communication system must support a
great variety of application areas. Most of these applications can be satisfied
by fulfilling the general requirements described above. But some applications
have specific requirements. To illustrate this the following domains have been
selected besides numerous others already identified such as tertiary control,
railway, food and drugs, shipbuilding, sea vessel positionning...:

Power generation and distribution

Very specific are the need for robustness against electromagnetic influences
which are grater than what is requested by EEC directive.

other needs for robustness are dust, hostile chemical agents, temperature and
humidity resistance. In case of gas production, special constraints for use in
explosive and flammable areas apply.

In addition fieldbus is used to support high integrity control architectures
such as fault tolerant or safety oriented ones. Concerning security it has to
show stability even under overflow conditions. Cyclic transmission with period
below 10 ms may be required depending on the application.

Chemical plants

The number of devices in chemical plants may be very high. A fieldbus standard
must support the segmentation of the fieldbus system (e. g. by specifying of
bridging concepts) .

Applications in hazardous environments demand the intrinsic safe connections of
devices and power distribution over the bus.

In this application area "function blocks" are very common as building blocks of
automation systems. A fieldbus system has to support the special functional
requirements (e. g. time distribution and scheduling of function blocks).

Manufacturing applications

Applications in this area may have high needs for real-time, high speed
operations. Cyclic data transmission periods of 1 ms for axis control and of
approx. 25 ms for PLCs are required.
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Electromechanical applications

These applications which makes extensive use of drives, require as well high
speed, high EMC immunity and large number of connected devices. Cyclic
transmission with period below 10 ms is the current request as well as mixed
traffic with rather long messages for service functions.

The last two domains request that devices be represented by variables only in
order to be able to develop the control/sequencing scheme without knowing the
behaviour and technical details of the equipment.

Off-shore or on-shore gas/oil exploitation and pipeline management

In addition to the constraints imposed by explosive and flammable areas, the
environmental conditions require resistance against humidity and corrosion. Very

special is the need of weight reduction, which influences especially the cabling
concept.

Fieldbus requirement mix

Taking into account that fieldbus can be used at multiple 1level of the
communication architecture in multiple industry sectors, the general purpose
communication system has to be tuned to meet the requirements. Thus, to avoid
useless complexity, profiles are emerging based on the generic technology.

The occurrence of the IEC standard will not change the need for profiles adapted
to system/industry sectors. Then, the key element is how to permit easy
migration towards an IEC standard, when time has come. A possible way is to
define an ,Application Portability Guide" mainly for non time critical tasks.

As a side effect, this will encourage vendors to use the standard features of
fieldbusses and refrain them for developing manufacturer specific ones. Instead,
they will have developed a generic application and use profiles to meet the
proper behaviour/performance required for the applications.
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3 Main features of EN 50170, Volume 1 (P-NET®)

Features:

e The EN 50170 Volume 1 (P-NET®) uses the RS485 multi-drop standard, with
asynchronous transmission at 76800 bits/sec.
Multi-masters: Several masters can be connected to the same bus.

e Multi-buses : Several buses can be interconnected into a larger network
through gateways, which are part of the standard.

e High level language support

EN 50170 Volume 1 corresponds to the P-NET® Standard which originally was
published by the International P-NET User Organisation ApS, P.O. Box 192,
DK-8600 Silkeborg, Denmark.

P-NET® is a registered trademark of International P-NET User Organisation Aps.
The use of the P-NET® logo, is free of any obligations for all members of the
International P-NET User Organisation ApS.

4 Main features of EN 50170, Voluﬁe 2 (PROFIBUS)

EN 50170 Volume 2 supports simple input/output devices to be connected to a
central station as well as comprising a distributed automation system using more
sophisticated devices, e.g., Programmable Logical Controllers.

The definition is composed of master and slave stations. A master is able to
control the bus access. Slaves are only able to acknowledge a received message
or to transfer data on request by a master. A token circulates in a logical ring
between masters (multi-master system). If the system contains only one master,
no token passing is necessary (master-slave system).

EN 50170 Volume 2 has been published as German standards (known as PROFIBUS)in
three parts comprising:

(1) DIN 19245 Part 1 - 1990

- Physical Layer providing an EIA RS 485 Interface supporting data rates

from 9.6 Kbit/s up to 1500 Kbit/s to connect up to 32 devices (127 using
repeaters)

- Data Link Layer designated to control the bus access (token passing) and
to allow a high data integrity of HD=4.

(2) DIN 19245 Part 2 - 1990

- Application Layer Fieldbus Messaging Specification (FMS) defining
communication objects similar to ISO/IEC 9506, MMS, (e.g.,  variables,

program invocation) and services on those objects like read, write or
start and stop.

- Application Layer Lower Layer Interface (LLI) serves to adapt the FMS to
the various definitions of the Data Link Layer.

(3) DIN E 19245 - 1993

- Optimised version dedicated to time-critical communication between
centralised systems and distributed peripherals. It is based on DIN 19245
Part 1 and defines a specific application for mainly cyclic data

distribution and powerful system synchronisation, configuration, and
diagnosis.
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EN 50170, Volume 2 has been defined according to following normative references:

DIN 19 241-2:1985 Messen, Steuern, Regeln; Bitserielles Prozessbus-Schnitt-
stellensystem; Elemente des Ubertragungsprotokolls und
Nachrichtenstruktur

DIN 66 259-3:1983 Electrical characteristics for balanced double-current
interchange circuits

DIN 57800/ Fernmeldetechnik; Errichtung und Betrieb der Anlagen

VDE 0800:1984

DIN VDE 0160:1988 Ausrlistung von Starkstromanlagen mit elektronischen Be-
triebsmittel

CCITT V.11:1976 Electrical Characteristics for balanced double-current

interchange circuits for general use with integrated cir-
cuit equipment in the field of data communications.

CCITT V.24:1964 List of definitions for interchange circuits between data
terminal equipment and data circuit-terminating
equipment.

IEC 807-3:1990 Rectangular connectors for frequencies below 3 MHz

Part 3: Detail specification for a range of connectors
with trapezoidal shaped metal shells and round contacts
Removable crimp contact types with closed crimp barrels,
rear insertion/rear extraction

IEC 870-5-1:1990 Telecontrol equipment and systems; part 5: transmission
protocols; section 1: transmission frame formats

IEC 870-5-2:1992 Telecontrol equipment and systems; part 5: transmission
protocols; section 2: link transmission procedures

IEC 955:1989 Process data highway, type C (PROWAY C), for distributed
process control systems

IEC 1131-2:1992 Programmable controllers - Part 2: Equipment requirements
and tests

ISO 1177:1985 Information processing - Character structure for start/

stop and synchronous character oriented transmission

ISO 2022:1986 Information processing - ISO 7-bit and 8-bit coded
character sets - Code extension techniques

DIN ISO 7498:1984 Information processing systems; Open Systems Interconnec-
tion; Basic Reference Model

ISO 8802-2:1989 Information Processing Systems - Local area networks -
Part 2: Logical link control

ISO/IEC JTC 1/ Standards for Local Area Networks: Logical Link Control -
SC 6 N 4960:1988 Type 3 Operation, Acknowledged Connectionless Service
EIA RS-422-A:1978 Electrical Characteristics of balanced Voltage digital
Interface Circuits
EIA RS-485:1983 Standard for electrical Characteristics of Generators and
Receivers for use in balanced digital Multipoint Systems
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ISO 7498/1:1989 Information processing systens; Open System
Interconnection; Basic Reference Model

ISO 7498/4:1989 Information processing systems; Open System
Interconnection; Basic Reference Model; Part 4: Management
Framework

ISO 8824:1987 Information processing systems; Open System Inter-
connection; Specification of Abstract Syntax Notation One
(ASN.1)

ISO 8825:1987 Information Processing Systems; Oopen System Inter-

connection; Specification of Basic Encoding Rules for
Abstract Syntax Notation One (ASN.1)

ISO TR 8509:1987 Information Processing Systems; Open System Inter-connec-
tion - Service Conventions

IEEE 754:1985 IEEE Standard for Binary Floating-Point Arithmetic

DIN 41 652 Teil 1 Steckverbindungen in der Nachrichtentechnik;
(draft) Steckverbinder fur die Einschubtechnik,
trapezfdérmig, runde Kontakte 1 mm

DIN 66003 Informationsverarbeitung; 7-Bit-Code
DIN EN 66306 Industrielle Automation und Integration; Fest-
Teil 1 legung der Nachrichtenformate fur Fertigungs-

zwecke; Definition der Dienste; Identisch mit
ISO/IEC 9506-1:1990

DIN ISO 2375 Datenverarbeitung; Verfahren zur Registrierung
von "Escape-Sequenzen"

5 Main features of EN 50170, Volume 3 (WorldFIP)

The EN 50170 Volume 3 (WorldFI®) has been originally developed under the FIP
initiative in the early 80s. The stress has been given to fulfil the control
aspects for all the potential arvlications in various industrial domains.

EN 50170, Volume 3 is described under the so-called reduced OSI architecture but
includes in fact a dual stack akcve the data link layer.

The EN 50170 Volume 3 architecture is divided into:
Architecture and General presentation part 1-3

Physical layers
twisted pair part 2-3-1
fibre optics part 2-3-3

Data Link Layer
part 3-3

Application Layer
MPS (periodic and aperiodic data exchanges) part 3-5-1
SubMMS (client server messaging)part 3-5-2
MCS (messaging common services) part 3-6

The MCS part is providing common resources to SubMMS to support the
equivalent to OSI "association" between communicating entities

Network management
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part 3-7

The network management is able to manage stack using MPS or SubMMS and is
using the application layer services provided by the stack; It does
imposes a specific set of service but uses those available.

EN 50170 Volume 3 (WorldFIP) has been standardised as French national standards
according to the following schedule:

NF C 46602 application layer MPS published April 1990

NF C 46603 data link layer published June 1990

NF C 46604 physical layer published may 90 revised April 1993 and superseded by
EN61158-2 in 1994

NF C 46605 network management published December 1990

NF C 46606 application layer messaging published May 1993

NF C 46606 Al application layer, use of MMS for Fieldbus published in June 1995
NF C 46607 physical layer fibre optics published in May 1991

NF C 46607/A1 Physical layer fibre optics published in May 1993
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General Purpose Field Communication System

Part 1-1

*Sx

General Description of EN 50170 Volume 1
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1 General Description of EN 50170 Volume 1

This description provides an overview on the models, services and
characteristics of EN 50170 Volume 1, also known under the name ,P-NET".

Features:

e EN 50170 Vol. 1 uses the RS485 multi-drop standard, with asynchronous
transmission at 76800 bits/sec.
Multi-masters: Several masters can be connected to the same bus.

e Multi-buses : Several buses can be interconnected into a larger network
through gateways, which are part of the standard.

e High level language support

Right of use.

EN 50170 Volume 1 corresponds to the P-NET® Standard which originally was
published by the International P-NET User Organization ApS, P.0. Box 192,
DK-8600 Silkeborg, Denmark.

P-NET® is a registered trademark of International P-NET User Organization Aps.
The use of the P-NET® logo, is free of any obligations for all members of the
International P-NET User Organization ApS.

1.1 Principles of EN 50170 Volume 1

EN 50170 Vol. 1 is a multi-master and multi-net standard. All communication is
based on a principle, where a Master sends a request and the addressed Slave
returns a response. Not only can several masters be connected to each bus
segment, but a complex network holding a great number of bus segments can be
built also.

Communication is routed through the different bus-segments by means of gateways
with two or more bus interfaces for EN 50170 Vol. 1. This means that any master
on the network can transparently access any node within the network without the
need for special programs in the gateways or masters. This feature is a part of
the EN 50170 Vol. 1 protocol and is built into the standard operating system.

The segmentation also makes it possible to have independent local traffic on
each bus-segment, which increases the data throughput throughout the total
system.

These multi-bus features, provide a natural redundancy and makes the total
plant installation very robust with respect to errors. A system can be expanded
while the remaining production systems continue to run. It is a feature of the
EN 50170 Vol. 1 topology that it need not be of a hierarchical structure.

An example of a slave could be, a weight transmitter, where the analogue signal
from a built in or remote load cell, is continuously converted, scaled and
stored within the memory of the slave. When a request 1is received from a
master, the slave will immediately respond with the latest stored result. Error
checking is also continuously performed within the slave, and the master is
notified if an error has occurred, within any response message. Using this
principle, it is thus possibls to respond immediately to a reguest from a
master, to read or write measursment or other data in a slave. A slave must
return the response to the master within at most 390 ps following the master's
request.

This reduces the need for multiple requests for a single variable, or even
continuous polling until a result is ready. The immediate response eliminates
the need for buffers to gqueue the requests or polling from differe masters.
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Special procedures have been included in the EN 50170 Vol. 1 standard, making
it possible to change the node address of a single node on the network by means
of its unique serial number. This gives the opportunity to set-up node
addresses to individual nodes, while the system is running. A node is delivered
with the node address set to zero, and this node address is reserved in the
standard for the purpose of initializing nodes while the network is running.
Dipswitches and other mechanical mechanisms can thus be avoided, because the
serial number is stored in EEPROM. Using an EEPROM makes it possible to build
hermetically sealed nodes for EN 50170 Vol. 1 (e.g. IP-67).

1.2 Protocol overview

EN 50170 Vol. 1 is specified anc implemented according to the Open Systems
Interconnection Reference Model cn layer 1, 2, 3, 4, and 7. The usage of the
application layer (Layer 7) provides the plug-compability in relation to
semantics, and the other layers provide the physical plug-compability.

Well defined application layer profiles for individual I/0 points, gives a well
defined Application Interface for programmers.

The I/0 interfaces in the different nodes are defined as objects, which contain
not only real time data but also predefined function switches, diagnostics,
maintenance data and error messages. Within EN 50170 Vol. 1, such an object is
declared as a Channel, and channel structures are defined for digital I/O,
analog I/0, weight transmitters, printers, etc.

The standardization of the single I/O points instead of complete nodes on the
bus makes it possible from a master's point of view, to exchange similar I/O's
defined within different manufactures' nodes. Nodes can have different I/O
structures. For example one node might have 16 Digital I/O + 2 analog I/O, and
another node 8 Digital I/0 + 4 Analog I/0, but a single I/O will be seen as the
same by the master, no matter what kind of node it is part of.

Associated with the Application layer within EN 50170 Vol. 1, is the data
format standardization, which includes reals, bytes, strings, boolean, but also
more complex entities, as arrays and records. All measurement values sent over
the bus are already scaled in engineering units.

The Manufacturing Message Specification, MMS (ISO 9506) may be used on layer 7,
as an intelligent interface between EN 50170 Vol. 1 and other networks, (e.g.
Ethernet, Token Ring, MAP, etc.) using a variety of protocols. MMS provides a
well defined interface between the field and the management area for software
platforms, such as production planning, and monitoring system, at the
management level. Typically, the MMS interface is used for non time critical
communication.

1.3 Advantages of the EN 50170 Vol. 1 protocol

Slaves respond almost immediately after receiving a request. This requirement
allows up to nearly 300 confirmed messages a second to be made on the fieldbus.
A confirmed service is a combinaticn of a master request and a slave response.

The result of a measurement made by a slave is presented to a master in a pre-
processed form, in SI (metrical) engineering units. The benefits within the
masters, is significant, since no repetitive scaling or conversion need to be

performed by the master(s), leading to considerable savings of processing
power. The distributed processing power can be increased further, by adding
masters, each of which allows several tasks to run simultaneously. Documents
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For example, a temperature measurement is represented by a floating point real
value, following the IEEE 754 standard, and the temperature value is presented
to all masters in centigrade. Identifiers used for accessing the physical
variable on the network, are mapped via a ‘'softwire' 1list. This 1list is
generated while the application program is being compiled. Therefore, no real
time translation is required, leading to very fast data access.

Multi-master access to the Physical Layer is performed using a virtual token
passing principle between masters. After a given master's bus access, the token
is passed to the next master in a cyclic fashion. The maximum data length in
one transmission is limited to 56 data bytes, for ensuring real time data
collection.

The passing of the virtual token takes place within only 130 puS or 10 bit
periods, and no data is actually sent over the bus. A single network can have
up to 32 masters with equal priority.

Within multi-master and multi-net systems, all masters have equal priority, and
there is no hierarchy which needs to be managed. Consequently, bussystems
following EN 50170 Vol. 1 does not require any arbitrator function. The virtual
token passing is 5-20 times more efficient than software arbitration.

There are 3 basic types of devices (nodes) that can be connected to a EN 50170
Vol. 1 network: Slaves, Masters and Gateways. These 3 types are described in
the following section.

1.4 Slaves

The function of the slaves is to reply to requests or acknowledge data from the
masters. In all slaves there is a memory map of the global variables, called
the SOFTWIRE LIST. The typical behaviour of the slave is to respond immediately
after a request is received, with data that are already in the memory. A
typical delay for response is 150 us, and the maximum delay allowed is 390 us at
76.8 kb/s

Because of the immediate response, the slaves only needs to serve one master at
a time. This means there will be no instruction queues, and the maximum
response time can always be calculated.

1.5 Masters

A master is the only device allowed to send a request on the bus. The request
can only be sent to slaves. Typically, a master runs a program which performs a
part of the process control in a plant. The number of masters is normally low
compared to the number of slaves, and the micro-processors in the masters are
normally much more powerful than in the slaves. Consequently, the fundamental
idea of the EN 50170 Vol. 1 is to let the masters do all the complicated work
and the slaves do only the simple work. The communication kernel for EN 50170
Vol. 1 in a slave needs only 1-2 kByte of program code. This makes it possible
to use one low cost 8 bit single chip micro-processors for the communication
protocol service as well as for sensor measurement and control. The EN 50170
Vol. 1 uses a Reduced Instruction Set, with only 7 basic instructions.

This “RISC” idea results in very high throughput and bus efficiency but leaves
a little more work for the master.

The Multi-master bus access system uses a time controlled token with fast “hand
over” from master to master without sending frames on the bus.
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1.6 Controllers

A controller for the system is normally both master and slave and even gateway,
if the controller has 2 or more communication ports for EN 50170 Vol. 1. In a
master/slave device the SOFTWIRE LIST contains structured information on all
global declared variables, such as node address and variable type (byte,
integer, real, array, record..... ). These global wvariables can be located
internally or in other slaves.

1.7 Gateways

The function of a Gateway in EN 50170 Vol. 1 is to isolate 2 or more buses, and
automatically to route a frame between the connected buses. The gateway makes
it possible to divide a control system into cells, and to make redundant
systems. A fault in a system which is divided into cells will result in reduced
interference. A Gateway is in one state a slave and in another state a master.
A Gateway can be implemented with a Softwire list.

1.8 EN 50170 Vol. 1 architecture
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Figure 1: EN 50170 Vol. 1 architecture

The architecture for a complete system following EN 50170 Vol. 1, based on the
ISO Open System Interconnection reference model is shown in Figure 1.

1.9 Services

EN 50170 Vol. 1 offers a full range of services despite of the Reduced
Instruction Set, as a combination ¢f instructions will perform the complicated
services.

The program that performs the MMS (Manufacturing Message Specification) or the

FMS (Field Message Specification) type of service can be located in a gateway
or a master.
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1.10 High level language

One of the philosophies of the EN 50170 Vol. 1 is to program a complete plant
in a high level language and to use identifiers for the different variables.
Another important idea is to be able to declare variables not only internally,
but also in other nodes, and use the identifiers declared by the manufacturer
of the slave.

Example: It is possible to use the Process-Pascal compiler and to include the
SOFTWIRE LISTs of the slaves in the program. This compiler generates a SOFTWIRE
LIST to be used in other contrcllers, containing all global variables declared

in the program. Ths Process-Pascal compiler is available, but the compiled code
can only run on ccntrollers f£rcm PROCES-DATA A/S.

1.11 Object types

Simple types: Bit, Byte, Word, Integer, Long integer, Real, Long real.

Complex types:String, Array of simple or complex type, Record of simple or
complex type.

Special types:Serial number plus node address.

Reset of device, Buffer, Timer.
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General Purpose Field Communication System

Part 2-1

Physical Layer Specification and Service Definition

a1
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1 Layer 1. The Physical link Layer

The physical 1link layer is concerned with transmitting raw bits over the
network. It describes the electrical interface, baudrate, cabling and so on.
The Physical link Layer is highlighted in Figure 2.
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& Figure 2: Physical link Layer
*

1.1 Electrical Standard, version 1

EN 50170 Vol. 1 is a multi drop bus that operates with integrated transceivers
in accordance with the EIA RS485 standard from Electronic Industries
Association. The cabling and the termination differ from the standard.

The cable is not terminated with resistors as defined in the RS485 standard.
Instead it is connected in a physical ring.

Up to 125 units can be connected to the bus, because of the low steady state
current in the bus cable compared to a cable terminated with 2 resistors.

Each driver/receiver is equipped with 2 resistors:
A 15k pull down resistor ketween the A terminal and GND.
A 15k pull up resistor between the B terminal through a diode to Vcc.
The purpose of the resistors is to have a well defined voltage at the bus when

no driver is enabled. The purzsse of the diode is to prevent the rpull up
resistor from acting as a pull Zcwn when the device is not powered.

Documents

Document Sharing Hub

Full document details: BS EN 50170:1997


http://www.avadocuments.com/doc/bs-en-50170-1997
http://www.avadocuments.com/doc/bs-en-50170-1997

Page 32
EN 50170-2-1:1996

Additional clamp and protection circuits of the RS485 are provided, and the
interface 1is galvanic isolated. An example of a recommended interface circuit
is shown in Figure 3.

The bus cable is shielded, and the shield is used as a "potential equalizer"
between the driver/receiver circuits in the nodes connected to the bus.

Logical:

The A terminal is negative with respect to the B terminal for a binary 1 (MARK or
OFF) . )

The A terminal is positive with respect to the B terminal for a binary 0 (SPACE
or ON).

An idle bus is in the binary 1, state.

Electrical specification:

Bus structure ............ A physical ring without termination.
Medium ........coiivveennn. Shielded twisted pair cable with minimum .22
mm? area conductors and characteristic

impedance of 100-120 ohm.

Bus length ............... max 1200 m (EIA RS 485).
Number of field devices .. up to 125 devices.

Bit rate ........ ... ..., 76.8 kbit/s +/- 0.2%.
Example of transceiver.... MAX RS487

Data transmission

Bit coding: The data are sent in NRZ code (Non Return to Zero). The signal line
does not change during a bit time.
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GALVANIC ISOLATED

|
| vee
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| TxEnabie | [—3V/FE B e Termrat 81
| - Ty vsdo >
Terminal S

| e [%] 02 7S 7503
|
|
I D4
|
| oS
| -
L GND

PART LIST

R1,R2 15K1

R3,R4 PTC resistor with o maximum resistance of 13 Ohm,

ond a Hold Current ot 100 mA. Exompie: Siemens BS9995-C120

D1 100 =A Smali-Signal cicde Example BRSI6

D2,03 2,7V / | W Voltags Regulator dioda Example BZV4SC2V7

D4,05 3,9V / 1 U Voltage Regulator diode. Example: BZV49C3V9

(o] EIA RS46S driver Example MAX RS487

Figure 3: Recommended interface circuit

Bus cable

A shielded Twisted pair cable with minimum .22 mm? area conductors and
characteristic impedance of 100-120 ohm.

Example: TWINAX IBM part No. 7362211 with 105+/-5 ohm, 51 pF/m.

Installation

The bus cable is connected from field device to field device, forming a physical
ring without any termination.

The shield of the twisted pair is also used to reduce the common mode voltage.
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Bus connector

Normally a field device is equipped with screw terminals marked A, B and S for
shield. Field devices for EN 50170 Vol. 1, specially desk top types, can also be
equipped with 9 pin D-Sub male connector (MIL-C-24308 or DIN 41652)

A: pin 1
S: pin 3
B: pin 5
1.2 Electrical standard, version 2

The RS 232 standard from Electronic Industries Association can be used as an
alternative to RS 485. The application is only point to point, typically
between a controller and a personal computer or a modem.

The standardized bit rates are: 1200, 2400, 4800, 9600, 19200 and 38400
bits/sec.

Logical
The TD terminal is negative with respect to ground for a binary 1 (MARK or OFF).
The TD terminal is positive with respect to ground for a binary 0 (SPACE or ON).

An idle bus is in the binary 1, state.

Data transmission

Bit coding: The data are sent in NRZ code (Non Return to Zero). The signal line
does not change during a bit time.

1.3 Electromagnetic compatibility

The electromagnetic compatibility (EMC) of the field network, and the devices
connected to it, are defined in the Generic emission standard EN 50081-1, and
in the Generic immunity standard EN 50082-2.

Field devices must comply with both the normative and informative annex in the
generic standards referred to above. The tests described in this section,
concerns the main parts of these standards.

In all tests, an attempt shall be made to maximize the influence of the noise
signals in proportion to the typical applications, by varying the configuration
of the module and the length and position of the I/0 lines.

In the immunity standard three performance criteria are described.

Documents

Document Sharing Hub

Full document details: BS EN 50170:1997


http://www.avadocuments.com/doc/bs-en-50170-1997
http://www.avadocuments.com/doc/bs-en-50170-1997

xSx

Page 35
EN 50170-2-1:1996

Performance criterion A: No degradation of performance or loss of function is
allowed below the performance level defined by the manufacturer.

Performance criterion B: During the test temporary degradation of performance
or loss of function is allowed, if it is self-recoverable.

Performance criterion C: During the test, temporary 1loss of function is
allowed, provided that the loss of function can be recovered by the operation
of the controls.

1.3.1 Immunity test

For I/0 lines, for which shielded cable is specified, only the shield shall be
exposed.

Immunity test to radiated radio freguency electromagnetic fields, is performed
according to the performance criterion A. The field strength of the
electromagnetic field is 10 V/m within 80 MHz to 1 GHz, except for some ITU
broadcast frequency bands where the level shall be 3 V/m.

Electrostatic Discharge test is performed according to the performance
criterion B. The test voltages is 4 kV at contact discharge and 8 kV at air
discharge. Only surfaces that are normally exposed to the operator’s fingers
such as keyboards, displays and front panels shall be tested.

Fast Transient Common Mode Interference test is performed according to
performance criterion B. The test generator produces bursts of transients,
where each single transient has a risetime of 5 ns and a duration of 50 ns. The
voltage test level is 2 kV, and the repetition frequency of the transients in
the burst is 5 kHz. The test voltage is coupled to signal 1lines through a
capacitive clamp. Onto power supply lines it is directly coupled through a
coupling network. .

The immunity to surge pulses is tested according to performance criterion B.
The surge pulse has a risetime of 1.2 us and a duration of 50 ps. All shielded
cables are tested with 2 kV surge pulses, the signals are coupled directly to
the shield through the generator output impedance of 2Q.

1.3.2 Emission test

The Radiated Interference field strength is measured in a distance of 10 m. The
quasi-peak limits is 30 uwv/m for frequencies from 30 MHz to 230 MHz, and 37
uv/m for frequencies from 230 MHz to 1000 MHz.

All devices for EN 50170 Vol. 1 shall provide a galvanic isolation between the
network, power supply, I/0 signals and earth or plant ground. A capacitance up
to 22 nF is allowed between the isolated parts. An isolation test shall meet
one of the following: 1l: Galvanic Isolation test at 500 Vsyws, 50 Hz or 60 Hz,
for 1 minute, or 2: Galvanic Isolation test at 100 Vgzws, 50 Hz or 60 Hz, if the
voltage is limited by a clamping circuit, for 1 minute. Other environmental
conditions, such as ambient temperature, humidity and vibration must be
specified separately for each device.
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General Purpose Field Communication System

Part 3-1

Data Link Layer Service Definitions

a1
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Please refer to Part 4-1
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General Purpose Field Communication System

Part 4-1

Data Link Layer Service Protocol Specifications

“S< I
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1 Layer 2. The Data Link Layer

The task of the Data Link Layer is to:

1 Control the Bus Access, including the Multi-master access.
2 Create and recognize frame boundaries and node addresses.
3 Perform the transmission error control.

The Data Link Layer is highlighted in Figure 4.

t
[ IR

< Pockat >

i e s . e S et e S i s S, et s et et i St

Figure 4: Data Link Layer

1.1 Create and recognize frame boundaries

All communication on the bus is sent in the form of frames. A frame contains a
node address field, (the first address being the node address of the receiver),
Control/Status, the length of the info field (may be 0), the Info field itself
(if info length > 0), and finally the error detection code(s). See Figure 5.

Node address field| Control/Stat:s Info length Info field ErrorDet.

2-24 zyzes 1 byte 1 byte 0-5Z bytes 1-2 rytes

Figure 5: Frame format
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All the bytes in the frame are sent as an asynchronous transmission, with one
start bit (logical 0), 8 data bits with LSB first, one address/data bit and one
stop bit (logical 1). See Figure 6. An idle period between the bytes in a frame
is not allowed. That means that the stop bit must immediately be followed by a

start bit.
bit no. 01234567
_IOXXXXXXXXXI
L 1l stop bit
Acddress/data bit (1= Address)
8§ oit data
1 Start bit

Figure 6: Byte in a frame

The Frames are separated by an idle period of 11 bits periods or more, and the
first byte of a frame has the address/data bit = 1. The rest has the
address/data bit =0.

A device needs to find the first byte in a frame, when it is powered up or has
lost synchronisation with the bus. This is done by detecting a “1” in the
address/data bit. A great number of single chip micro processors from various
manufacturers are able to detect this address/data bit.

Bit synchronisation: Asynchronous transmission with one start bit (logical 0),
8 data bit, one address/data bit and one stop bit (logical 1).

If layer 1 is RS232, it is permitted to use Even parity or No parity, instead
of the Address/data bit. End of frame is indicated by 11 bit periods or more of
an idle bus.

1.2 Transmission error detection

1.2.1 Normal error detection

Every received byte is checked for the correct Start bit, Address/data bit and
Stop Dbit. If this 1is not correct, Overrun/Framing error is set 1in
Control/Status.

The complete frame error check uses 2 error detect codes. This type of error
checking has a HAMMING DISTANCE of 4 for a codeword size of 64. This means that
up to 3 (HD - 1) random located error bits, within a 64 bit wide window, will
be detected. Any burst of errors up to 15 bits and any odd number of error
bits, will be detected.

Generation of error detect codes: Before the start of a transmission, two
registers A and B of type byte are cleared. Each byte to be sent, is exclusive
OR‘ed with A and B, and B is rotated one bit left. When the Info field is sent,
the value of A is sent followed by the value of B.
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Error check: The error check is very similar to the generation of the error
detect codes. Before receiving the first byte, the A and B registers are
cleared. Every byte that is received is exclusive or’ed with A and B, and B is
rotated one bit left. After receiving A, the A register must be zero. After
receiving B, the B register must be zero. If this is not the case, there is an
“Error detect failure”.

1.2.2 Reduced error detection
Devices with reduced security are allowed.
Every byte is checked for correct addr/data bit and loss of stopbit.

The complete frame error check uses 1 error detect code. The Hamming distance
is 2 for the whole frame, which means any single bit error will be detected. A
single error burst up to 8 bit will also be detected.

Generation of error detect code: Before start of a transmission, a register A
of type byte is cleared. Each byte to be sent, is added to A, without carry.
When the info field is sent, the 2’'s complement of A is sent.

Error check: The error check is very similar to the generation of the error
detect code. Before receiving the first byte, the A register is cleared. All
received bytes are added to A, without carry. When the whole frame is received,
the A register must be zero. If this is not the case, there is an “Error detect
failure”.

1.3 Receiving a frame

Each Node connected to the bus has a unique node address (NA). The normal node
address range is 1-125 decimal. Bits 0-6 in the first byte of a frame contain
the node address of the Node. Bit 7 indicates, if the frame contains a request
(*0”) to the slave program or a response (“1”) to the master program.

If a Node receives a node address equal to its own NA, 126, 127 or NA+128, the
frame shall be read into the node, otherwise the node will be put to “sleep”
and will wait for the next frame (address/data bit = “1”").

NA 0 is reserved for internal applications. NA 126 is reserved for broadcasting
special requests to all nodes on the bus, without acknowledge or reply. NA 127
is reserved for test purpose only, and the slave will respond as normally.

After the frame is received, it is passed on to layer 3.
1.4 Bus access

1.4.1 Multi master bus access

EN 50170 Vol. 1 is a multi-master system where many masters are allowed to use
the same bus, kut not at the same time.

All masters are given a node address, NA, between 1 and the maximum number of

masters on the actual bus. The maximum number of masters must not exceed 32.
The master which is allowed to access the bus is called the token master. The

Documents

Document Sharing Hub

Full document details: BS EN 50170:1997


http://www.avadocuments.com/doc/bs-en-50170-1997
http://www.avadocuments.com/doc/bs-en-50170-1997

Page 44
EN 50170-4-1:1996

masters get the “Time based token” in a cyclic way. This means that after
master number 1, the token is passed to 2, 3, 4 and so on. Each master is
allowed to send only one request each time it gets the token (cyclic priority).
All masters need to know the maximum number of masters, because following a
master with NA = maximum number of masters, the token is passed to master 1.

The basic elements in the multi master access control is an “idle-bus-bit-
period-counter” and an “access-counter”.

Scale -~ |=-20 bit
[ 13 Loaa Siove returns " Store Acinos-
fActon 12 Store fAsol " ladge ! Reol _: feal value - te d Il
Bus
Accase~ 2 I 3 103 ) )33 ) { .
counter

loie Bus [
" 8
Bperios Y > T _s84) > )ﬁj

1 Datadd |

| Ostod 2 l 1 Detaul 3 j|
)

Y

Figure 7: A typical event on the bus.

The idle-bus-bit-period-counter counts the number of “1”s on the bus. It is
cleared when a “0” appears on the bus.

The access counter increments when the “idle-bus-bit-period-counter” is equal
to 40,50,60.... and is set to
1 when the maximum number of
masters is reached. See Figure

Action 2-7 bit-period
7. I |
Bus

When the access counter  fezes- 3 ) G G G20 G § 7
becomes equal to the node
address of a master, this
master is allowed to access
the bus (gets the token) in |ye-su.
the interval between 2 and 7 oo™
bit periods after the match.
See Figure 8. A master only .
accesses the bus if it has a Figure 8: Detail 2 from “Figure 7”, Bus access

request to send.

Scole —f b= 10 bt

1.4.2 Synchronization of the “access counters”
The first node address in every frame with bit 7 = 1 contains the node address

of the token master. This node address is used to synchronize the access
counters in all the masters.
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In all masters, the node address of the token master is compared with the
access counter whenever a frame is sent on the bus. If they are not equal, the
master is claimed “out of synchronization,” and the master is not allowed to
access the bus before the synchronization is regained. The loss of synchroniz-
ation can be caused by a transmission error or a reset/power up.

If the next comparison is 0.K., the former mismatch was caused by an error, and
the master is claimed “in synchronization,” and is allowed to use the token
again.

If the next comparison is not 0.X., but the displacement is the same as in the
last frame, the access counter is set to the received node address, and the
master is claimed “in synchronization-”.

Scole ~={ 10 mt

Retion } dim Bus 1 Sunc
Bus L!ZEI - ‘E;;;; | E—

“‘ — —
Rcme™ ) N N T s N . ] z =
}l
7

las Bus
Be~perd
Courtar

Figure 9: Detail 3 from Figure 7, Synchronization

To maintain the synchronization during an idle bus, there are special rules:

If the “idle-bus-bit-period-counter” is higher than or equal to 360, the token
master must send a normal frame or a sync. A sync is one byte which contains
the node address of the token master, with bit 7 = “1”. No devices will receive
the byte, but it will clear all “idle-bus-bit-period-counter”s and synchronize
all the access counters on the bus. See Figure 9.

After reset: The *“idle-bus-bit-period-counter” is cleared, the master is
claimed “out of synchronization”, the “access counter” is cleared.

The accuracy of the bit periods in a master must be better than +/- 0.1 %.

1.4.3 Slave bus access

A slave is allowed to access the bus, between 11 and 30 bit periods after
receiving a request, measured from the beginning of the stop bit in the last
byte of the frame. See Figure 10. Slaves should be programmed in a way that
results in a minimum of delay, kecause any unnecessary delay will slow down the
system. The maximum allowed delay is 390 us at 76.8 kbit/sec.
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Figure 10: Detail from Figure 7, Slave bus access

1.5 Address field types

All Frames on the bus starts with an address field. The address field can hold
2 to 24 address bytes. The length of the address field is coded into the
address field, to avoid sending a separate byte holding the number of
addresses, when the address field is short. This is done by using 4 different
address types.

Bit 7 in the address bytes is used to indicate the address type and separate
destination addresses from source addresses.

1.5.1 Simple Address type

The address field contains 1 destination node address and 1 source node
address. This address type is used for a request to a simple slave.

o

Cestination add.

[un

Source address

Figure 11: Simple Address type

The Simple Address type is characterized by the sequence “0” “1” on bit 7. See
Figure 11. Address combinations with one destination address and 2 or more
Source Addresses do not exist.

1.5.2 Complex Address type

The address field contains 2 or more Destination node addresses and 2 or more
Source node addresses. The third byte in the address field contains the
remaining number of addresses. This address type is used for requests.
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Destination add.

Destination add.

Extra addresses

Destination add.

rlojojojo

Source add.

1| Source add.

Figure 12: Complex Address type

The Complex Address type is characterized by a sequence of 3 or more “0”s on
bit 7. See Figure 12.

1.5.3 Extended Address type

This type is a special case of the Complex Address type: The address contains 2
destination node addresses and 2 source node addresses. This address type is used
for requests.

Destination add.

Destination add.

Source add.

mlr]loOo]| O

Source add.

Figure 13: Extended Address type

The Extended Address type is characterized by the sequence “0” “0” “1” on bit
7. See Figure 13.

1.5.4 Response Address type

The address field contains 1 destination node address and 1 source node address.
This address type is used for response only.

[

Destination add.

0| Source add.

Figure 14: Response Address type

The Response Address type is characterized by a “1” on bit 7 in the first
address byte. A response address never contains more than one Destination node
address and 1 Scurce node Addresses. See Figure 1l4. The address field in the
response is alwayvs of the Resprcnse Address type, irrespective of the type of
request.
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