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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUNCTION BLOCKS (FB) FOR PROCESS CONTROL -

Part 1: Overview of system aspects

FOREWORD

1) The )prising
all romote
int iglds. To
thi § i¢ations,
Tedhnical , i s “IEC
PuRlication(s)”). Their preparation is entrusted to technical committees; any | atio N interested
in the subject dealt with may participate in this preparatory work. i t d non-
governmental organizations liaising with the IEC also participate in this preparation. closely
wit ith ) ined by
agreement between the two organizations

2) Th ¢ ational
con ini j i gchnica i i rom all
int

3) IEQ Publications have the form of recommendations for-int i ational
Committees in that sense. While all reasonable effors are m i of IEC
Pufjlications is accurate, D ible y i Mhi or any

misjnterpretation by any end user

4) In es”undertake to apply IEC Publications
tran & Al and regional publications. Any divdrgence
bet icati i i or regional publication shall be clearly indidated in
the|latter.

5) IEQ provides no marking proced indicate i dal and cannot be rendered responsible for any

equipment declared to be.i
6) All pusers should ensure that

7) No [liability shall 4
meimmbers of its te
otheér damage of an
expenses arising ot

, employees, servants or agents including individual experts and
ational Committees for any personal injury, property damage or
her direct or indirect, or for costs (including legal fegs) and
se of, or reliance upon, this IEC Publication or any otHer IEC

Pullications.
8) Attgntion i Q e references cited in this publication. Use of the referenced publications is
indi h k ation of this publication.

9) Attgntion i o t e pgssibility that some of the elements of this IEC Publication may be the subject of
pafent-ri ~JEC. S held responsible for identifying any or all such patent rights.

The
exceptionalseircu
specification when

C technical committees is to prepare International Standards. In
ces, a technical committee may propose the publication of a technical

» therequired support cannot be obfained for the publicafion of an International Standard,
despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards. IEC 61804-1, which is a
Technical Specification, has been prepared by subcommittee 65C: Digital communications, of
IEC technical committee 65: Industrial-process measurement and control.

This standard cancels and replaces IEC/PAS 61804-1 published in 2002.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
65C/296/DTS 65C/310A/RVC

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above table.

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

IEC g§1804 consists of the following parts under the general title Function

procegs control

Part 1: Overview of system aspects
Part 2: Specification of FB concept and electronic device descriptionNan

The committee has decided that the contents of this pubficatio
2007.|At this date, the publication will be

« trgnsformed into an International standard;
* regonfirmed;

e withdrawn;

+ replaced by a revised edition, or

@@

B) for
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INTRODUCTION

This Technical Specification is an end-user driven specification of the requirements of
distributed process control systems based on Function Blocks (FB). This Technical
Specification and its associated FB standard (IEC 61804-2) originate from the power-plant
industrial sector. It is validated by applications in oil and gas, petrochemicals,
pharmaceuticals and fine chemicals, pulp and paper, food and beverage, waste water
treatment plants, steel milling and others. There will be other general requirement standards
and associated specifications for other industrial sectors.

Present and future digital process control systems need to fulfil the following requirements:

e in¢rease security and safety;
¢ refluce time to market;
¢ bd supportable with available tools;

¢ refluce costs of development and support;

¢ minimize training costs;
« support integration of distributed control applications

« hgve increased maintainability, modifiability; agili G ili ibili ility to
vallidate, accessibility, availabilit ¢ evice/
application compatibility, re-usabili tware
components;

e bdg made up of digital devices ctable
inferoperable and interchangeable

Procejss control systems are required to ' itecture

and their operation during al 2 cycle The accepted basic concept fpr the

design process ¢ i e aII necessary implementation-specific functions
with HB. A FB | afi and algorithms to provide a specific function, [which
can bg self-standing, F : > | systems can involve many instances of many different

FBs gperating in a iding common services (for example, communicdtions)

and irjterfaces to
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Control, maintenance Configuration
monitoring, HMI*,” =~/ =1~ function
application application

D2

01{
| [

* Human Machine Interface

Devices, part of

G a distributed
Dn automation

system
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FUNCTION BLOCKS (FB) FOR PROCESS CONTROL -

Part 1: Overview of system aspects

1 Scope

This part of IEC 61804 is a Technical Specification which provides guidelines for suppliers to
meet [EVOIVING requirements for digital process control systems through which users.can be
assurgd of the compatibility, the interworkability, the interconnectability, the i ability
and the interchangeability of the devices they choose. This pa qverall

requinements. For better understanding, this part gives background inf mples
in anrjexes.
This [fechnical Specification defines the requirements for nd to

facilitate maintenance and technical management as_ applicatisns~ which ‘interact with
actuafors and measurement devices:

e control covers functions necessary to bring and Hold S i viour;

* maintenance covers functions to cqu|re [ nati ocess
ejﬂmpment and the state of automati i i i i , ample,
callibrate a sensor that has drifted;

¢ teg¢hnical management deals with i

It lis concerned primaril i ics of t i This
relates in particular to”the eyvatuati ~ iabili ific items of
plant or equipment ~ e and
reliability of items same
operating environ ieved
bdfore failur on of
dgtailed and>\valj plant

equipment modjf

A prefequisite for\desi imptemeénting and operating a FB-based process control slystem
is thaf the tls o ice d other components follow the same architecture basedq on a
common i itecture is required to define the components of the syqtems,
for ex gvice, data, data connections and more as well as relations between|these
components, Tt 31499 series generic FB model on which this Technical Specification is
related i O prowide these basic components for FBs for process control. One addjon to

the IEC 61499 series’ is the specification of parameters and functions of FBs that are
implementable in devices.

The architecture and the range of FBs that have to be specified are described in 7.4 contains
a minimum set of FBs that will be required for the process industries. These are presented in
TWO different clauses. One deals with “rich” FBs covering complex but common functions
such as control loop (for example proportional, integral, differential — PID) required by the
majority of the process industries. Another covers a set of elementary FBs (EFB) such as
Boolean functions required to compose very specific and unique functionality.

FBs are used during the complete life cycle of process control systems but viewed from
different aspects. This is covered in detail in Annex A. The process design starts with the
Piping and Instrumentation Diagram (P&ID) which gives the requirements of the process and
instrumentation from a purely functional point of view. From the P&ID, the desired behaviour
of the process control system is extracted into a functional requirements diagram (FRD)
without considering the detailed behaviour of the underlying devices. The bricks making up
the FRD are application blocks (AB), the representation of the data and algorithms in the
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design phase. After discussion between the process and automation engineers (end-user and
system integrator), the FRDs are turned into detailed designs for the application via several
design using devices available on the market together with interconnections and
configurations of these devices. In this way a PID loop shown in via bubbles on a P&ID will be
transformed into implementable FBs in specific field and/or control-room devices. It should be
noted that many parts of the process industries, in particular those with many similar and
relatively simple processes (for example, the water industry), do not use the concept or term
FRD. They go directly from P&IDs to the implementable FBs and will use a variety of names
to describe the process and the resulting design documents. The FRD approach is used here
since it represents the most formal view of the design cycle and illustrates the use of FBs at
the earliest of phases in the life cycle. Clause 4 summarizes the requirements from this life-
cycle point of view.

This [Ffechnical Specification specifies a system (an industrial-process t and
contrql system based on distributed FB application). A system is desgfibed (Ste in [terms
of architecture, models and the life cycle. The architecture is the "road bs the
components and presents the structure of the system. The mod : ik S ils lof the
components, i.e. their functions in the system. The life v the
compopnents work together during their use in different phasg bs the
operation visible.

Figurg rt on

IEC 6

USER Rﬂ\Q_UIR

METHODOLOGY
Usenliayer f
rocess control
ISA SP50 User Laye ISO TC184, SC4
ACORN

e.application with FB independent of the technology supported

)

Topidown

( 1EC 61804

DM-Up

Provide the knowledge to implement the application
EB-SPECIFICATION /

ISA-SP50 User | ayer IR

IEC 61158 series &

Fieldbus Foundation
PROFIBUS

NOAH

FIELDBUS SPECIFICATION

IEC 61131 series

APPLICATION DESCRIPTION

Basic models

Figure 2 — Influences on IEC 61804
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The influences are international standards and projects (PROFIBUS and Fieldbus
Foundation?), which relate to the same area as IEC 61804. These standards are either
technology-independent ones supporting the top-down approach or dedicated to a certain
technology, for example, programmable controller or fieldbus. Both together will build the
basis of the standard specified by IEC 61804.

The main purpose of this part is the harmonization of different views, models and starting
points of end-users, system providers and device manufacturers. It will be the reference
document leading the discussions during the specification and the guideline for the readers of
IEC 61804-2.

2 Nprmative references

ment.
dition

The fpllowing referenced documents are indispensable for the applice
For dated references, only the edition cited applies. For undated refe
of the

IEC 6

IEC 6
Part 1

ems —

IEC 6

IEC 6 Profile
sets f ontrol
syste

IEC 6 us for
use in

IEC 6 / ¢ — Part 2: Specification of FB concept and
Electn 7 g€ (E

EN 5¢

3.11
interfpce
shared boundary between two functional units, defined by functional characteristics, signal
characteristics, or other characteristics as appropriate

[IEC 60050-351:1998, 11-19]

1 PROFIBUS is the registered trade mark of PROFIBUS International (PIl). Pl is a non-profit trade organization to
support the fieldbus PROFIBUS. This information is given for the convenience of users of this Technical
Specification and does not constitute an endorsement by CENELEC of the trademark holder or of any of its
products. Compliance to this profile does not require use of the trade name PROFIBUS. Use of the trade name
PROFIBUS requires permission of the trade-name holder.

Foundation Fieldbus is the trade name of the consortium Fieldbus Foundation. This information is given for the
convenience of users of this Technical Specification and does not constitute an endorsement by CENELEC of the
product named. Equivalent products may be used if they can be shown to lead to the same results.

2 To be published.
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3.1.2
system

set of interrelated elements considered in a defined context as a whole and separated from its

environment
[IEC 60050-351:1998, 11-01]

NOTE 1 Such element may be material objects and concepts as well as the results thereof (for example forms of

organization, mathematical methods, and programming languages).

NOTE 2 The system is considered to be separated from the environment and other external systems by an

imaginary surface, which can cut the links between them and the system considered.

3.1.3

data fype
set of|values together with a set of permitted operations

[ISO 2382 series]

3.1.4
data ¢onnection
assocjation between two function blocks for the conveyancg’o

[IEC/RAS 61499-1:2000, 1.3.2.22]

3.1.5
data
repregsentation of facts, concepts
communication, interpretation or proces

[ISO modified3]

3.1.6
funct{onal unit
entity|of hardware or s

[ISO 2382 series

3.1.7
hardware

physi¢al eqg
documentation

posed to programs, procedures,

[ISO modifie

3.1.8
mappling

dlized manner suitab
by automatic means

able of accomplishing a specified purpose

rules and asso

set of|valdes having defined correspondence with the quantities or values of another set

e for

ciated

[ISO 2382 series]

3.1.9
parameter

variable that is given a constant value for a specified application and that may denote the

application

[ISO 2382 series]

3 The notation [ISO modified] following a definition indicates that the definition is taken from the “ISO/AFNOR

Dictionary of Computer Science” and has been modified.
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3.1.10
algorithm

finite set of well-defined rules for the solution of a problem in a finite number of operations

[IEC/PAS 61499-1:2000, 1.3.2.5]

3.1.11

application

software functional unit that is specific to the solution of a problem in industrial-pr
measurement and control

[IEC/PAS 61499-1:2000, 1.3.2.6]

ocess

NOTE | An application may be distributed among resources, and may communicate with o plicatigns:

3.1.1%
appli¢ation block
desigh pattern which is used in an FRD to represent one or multj

3.1.13
attribute
property or characteristic of an entity, for instance ier of a FB
speciffication

[IEC/PAS 61499-1:2000, 1.3.2.7]

NOTE | The formal description of attributes is\to spe
attributes like FB type information. IEC 61499-1 gives the g
specifigs the attributes for process control as other groups\ma
non-unjque attribute names.

3.1.14

step ih system design
intercpnnections

[IEC/RAS 61499@
3.1.15
devic

indep
partic

[IEC/F

3.1.1¢
device.management application

type

certain
1804-2
brevent

their

; g 1 H £ e e P 4 (PR o Il
app/l(,auuu WITOST pPriiiary TUuriCtuult 1o U1 Tharndayciiiclit UT a TITUnipIic rcouurccs Witlhih a U

[IEC/PAS 61499-1:2000, 1.3.2.27]

3.1.17
elementary FB
FB or function which provide logico-mathematical functionality with exception handling

NOTE There can be a difference between an EFB used in the FRD and the FB in the operating application

3.1.18
entity
particular thing, such as a person, place, process, object, concept, association, or event

[IEC/PAS 61499-1:2000, 1.3.2.28]

evice
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3.1.19
event
instantaneous occurrence that is significant to scheduling the execution of an algorithm

[IEC/PAS 61499-1:2000, 1.3.2.29]

NOTE The execution of an algorithm may make use of variables associated with an event.

3.1.20
exception
event that causes suspension of normal execution

[|EC/PAQ 681499 1:')(\(\(\’ 1_’2_’)_’21-'\]

3.1.21
execytion
procegs of carrying out a sequence of operations specified by an alg

NOTE | The sequence of operations to be executed may vary from one invacation.of a funct dck instance to
anothef, depending on the rules specified by the FB algorithm and the current value jab B data
structufe.

[IEC/RPAS 61499-1:2000, 1.3.2.36]

3.1.22
funct{on
specific purpose of an entity or its cha

acteri

[IEC/RPAS 61499-1:2000, 1.3.2.42]

3.1.2
FB (FB instance)
software functional unijt ¢ i named copy of a data structur¢ and

assodjiated operations s

NOTE | Typical ope
132000

[IEC/RAS 61499-

ure.

3.1.24
implementatjon
develppment

[ISO mod

3.1.25
input|variable
variahlewhose value is supplied by a data input, and which may be used in one or| more
operatiers-efa+B

NOTE An input parameter of a FB, as defined in IEC 61131-3, is an input variable.
[IEC/PAS 61499-1:2000, 1.3.2.48]

3.1.26
instance
functional unit comprising an individual, named entity with the attributes of a defined type

[IEC/PAS 61499-1:2000, 1.3.2.49]
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3.1.27
instance name
identifier associated with and designating an instance

[IEC/PAS 61499-1:2000, 1.3.2.50]

3.1.28
instantiation
creation of an instance of a specified type

[IEC/PAS 61499-1:2000, 1.3.2.51]

3.1.29
internal operations (of a FB)

operafions associated with an algorithm of a FB, with its execut|
functipnal capabilities of the associated resource

[IEC/HAS 61499-1:2000, 1.3.2.52]

3.1.3(
internal variable

variallle whose value is used or modified by one /0
supplied by a data input or to a data output.

[IEC/PAS 61499-1:2000, 1.3.2.53]

3.1.31
invocation
procegs of initiating the execution of th

[IEC §1131-3, modified]

3.1.3%
management F
FB whose primar
[IEC/RPAS 61499

3.1.33
managemnie
resoufce™whose\prims

fuhction is the management of other resources

[IEC/RAS 61499-1:2000, 1.3.2.57]

3.1.3
modell

ations specified in an algorithn

ol, or wif

of a FB but

h the

s not

-~

representation of a real world process, device, or concept

[IEC/PAS 61499-1:2000, 1.3.2.58]

3.1.35
operation

well-defined action that, when applied to any permissible combination of known entities,

produces a new entity
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3.1.36

output variable

variable whose value is established by one or more operations of a FB and is supplied to a
data output

NOTE An output parameter of a FB, as defined in IEC 61131-3, is an output variable.
[IEC/PAS 61499-1:2000, 1.3.2.60]

3.1.37

resource

functional unit which has independent control of its operation and which provides various
servigesto-appHeations—actading-the-sehedutingand-execeutforof-algoriths

NOTE The resource defined in IEC 61131-3 is a programming language element corress o.to-the rg¢source

defined above.

NOTE 2 A device contains one or more resources.

[IEC/RPAS 61499-1:2000, modified]

3.1.38
resoyrce management application
applidation whose primary function is the management

[IEC/RAS 61499-1:2000, 1.3.2.66]

3.1.3¢
scheduling function
functipn which selects algorithms or operatio
such ¢xecution

ecution, and initiates and termjnates

[IEC/RAS 61499-1:2000,

3.1.4(

servige
functipnal capability0f.a

[ISO/IEC 7498-1, r

arf be modeled by a sequence of service primifives

3.1.41

softwjare

intellgctd prising the programs, procedures, rules and any assotiated
documentation pertaining to the operation of a system

[ISO modified]

3.1.4
transaction
unit of service in which a request and possibly data are conveyed from a requester to a
responder, and in which a response and possibly data may also be conveyed from the
responder back to the requester

[IEC/PAS 61499-1:2000, 1.3.2.79]

3.1.43
type
software element which specifies the common attributes shared by all instances of the type

[IEC/PAS 61499-1:2000, 1.3.2.80]
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3.1.44
type name
identifier associated with and designating a type

[IEC/PAS 61499-1:2000, 1.3.2.81]

3.1.45
variable
software entity that may take different values, one at a time

NOTE 1 The values of a variable are usually restricted to a certain data type.

NOTE 2__Variables may be classified as input variables, output variables, and internal variables

[ISO thodified]

3.2 Definitions based on IA/IM-channel

3.2.1

actuation (measurement) channel

sum ¢f all the items necessary to perform each actuatio 5 nt)\as users nged it.
The physical composition extends from the attachment to , motor,
actuator (sensor, transmitter), the network, and in the
computers

NOTE | The expression IA/IM-channel means int olution of all the requiremg¢nts for
each agtuation/measurement necessary. Intellige e functionalities as usefs need
them.

3.2.2

system (or channel or device) status

actual health (or condition) ef the relat channel or device). In other words it
is defined at the severaKlev ste ibution: the system as a whole, each |A/IM-
chann f i i

NOTE

3.2.3

validi

qualif 5 added. It can be seen as a quality index

NOTE

3.24

meas 1 Brie

paranjeter assoctated with the actual result of a measurement, which characterizgs the
dispefsion of\the~values that could reasonably be attributed to the measured

NOTE The“word "uncertainty" means "doubt", and thus, in its broadest sense, "uncertainty of measufjement"
means [the ‘€xtent of doubt about the exactness or accuracy of the result of a measurement.

NOTE 2 The uncertainty may be, for example, a standard deviation or the width of a confidence interval.

NOTE 3 The uncertainty can be expressed with data which can be treated mathematically, so that the uncertainty
of an indirect measurement can be calculated if the uncertainty of the several component direct measurements are

known.

3.2.5

profile
set of one or more base standards and/or ISPs, and, where applicable, the identification of
chosen classes, conforming subsets, options and parameters of those base standards, or
ISPs necessary to accomplish a particular function

[1SO/I

NOTE

EC 10000-1]

ISPs may contain normative references to specifications other than International Standards.
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3.3 Abbreviated terms

AB Application Block

AME Application Management Entity

CHD Control Hierarchy Diagram

CMM Control, Maintenance and Technical Management
DCS Distributed Control System

DFBAP Distributed FB Application Process

EFB Elementary FB

FB Function Block

FRD Functional Requirement Diagram

HMI Human Machine Interface

1&C Instrumentation and Control

IA/IM{channel Intelligent Actuation/Intelligent Measure

ISP International Standard Profile

MCC Motor Control Centre

MIB Management Information Bas

MGT Management

PFD Process Flow Diagram

PID

PRIAI

P&ID

SCAD

SM

ST

VI

4 E

4.1

This ¢lause)'expects from the reader certain knowledge of engineering of a distributg
system.See Ann_ex A for bacl_<ground information. It is designed_to give the ree}d
overv =
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ed FB

er an
and

engineering and onto operation support and maintenance. Each of these phases has different

environments for the actual FB entities and their own specific requirements.

4.2

Requirements for design phase

a) To identify a FB as part of a particular functional requirement diagram (FRD) or a certain
application blocks (AB) in a distributed field device system, a FB is required to be able to
carry an identification of a particular FRD block.

NOTE This is required to be a parameter and may be called STRATEGY. On the basis of this parameter an
engineering system may be able to identify the distributed FBs which are combined in a FRD as one FB for
reverse engineering purposes.

b) To identify a FB type a type name is required. This type name is required to be unique
within a library but can have multiple instances. An engineering tool may navigate by this
information to an online help file.
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c)

e)

g)
h)

5

5.1

To identify a device that hosts one or more FBs a device type identifier is required that
allows a link of a device description type to this device type. This device type identifier is
required to be based on a profile and not on a vendor-specific type to support
interchangeability during design phase.

Graphical representation of a device type is required to be referenced within device
description as an option. That icon is not used for FB chart nor for P&ID, it is only usable
within a topological view of field devices. There is no requirement of this representation
within this standard.

To identify the elements of control hierarchy diagram (CHD), which are comparable with
IEC 61512-1 BATCH processes, some parameters are required that are defined according
to this batch standard.

EXxample:

FBs carry these parameters. There is no algorithm necessary withi e EFBs do
ndt carry these parameters.

1. Batch ID (BATCH_ID)
2. No. of recipe unit procedure or of unit

3. No. of recipe operation
4. No. of recipe phase

FB invocation is required to be supported by app echanisms in|cyclic

manner.

THere is no requirement for field dgvices 3

ERBs are required to be defined and\gat I i logic-
m ' n the
IEC 61131 series. An EFB is a [pro ontrol
dgmain. An EFB canng it. G ibrary
Name. The combination of a/FB nam ) a FB.
THat means to identify this FB ranch
or|application-specific libraries \i ry for
version controhlink.to online\help.and Bviour
oflthe EFB iir scified i L tured
text (ST), laddep” diagre instruction list. Missing elements within ST have [to be
prpgrammed in-se ] s @nd may lead to an additional parameter, for ins{ance,
exiception handling

Fgr huma achine.inte , it is necessary to select the dynamic parameter of an EFB,
which builds theyi on’base to visualize the process, to allow operation by chgnging
alp » 9 store data. For this selection, there is no syntax defined in the
IEC 611 aries. “As an addition to IEC 61131 for process control, attributes withjin the

Fdr maintenanc
at{ributes to the parameter and FBs of EFB. For this selection there is no syntax defi
th i it i

the comment field of definitions within ST are defined.

and technical management tools, it is necessary to specify or prefefine
ned in
within

Compatibility levels

General

There are certain levels of compatibility and according levels of cooperation between FB-
based devices. The levels are dependent on well-defined communication and application
features. See Figure 3 and Table 1.
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Levels of
compatibility

“Interchangeable”

"Interoperable”

“Interworkable"

“Interconnectable"

“Coexistent"

Dynamic performance v W

" m - ra - m
Apphicanon runcronanty v v

A Licak:
TTpprcaTon

Parametersemantics

Data types
Data access

Communication interface

Communication protocol

The f¢llowing main features are used forthe
Feature N
Communication profile [
Cominunication pretocal [\This feature.isd |néd§y<2II protocols of layer 1 to 7 of the OSI reference model, i.e.
rom the physical di access to the application layer protocol
Cominunication interfate is i \f\pe/d by the communication service definition of application layer
including. the services and the service parameters. Additional mapping mechanisms
an‘be necessary. The dynamic performance of the communication system is part of
this. feature
Applicatlon})\of\i \ \/
Datalt This feature is defined by the data type of the block data input, data output or
ameter)
Parameter semanti This feature is defined by the characteristic features of the data (for example, {his can

default value, persistence of the data after power loss and deployment)

be data name, data descriptions, the data range,the substitute value of the datp, the

Appli

ation functionality

This feature is defined by specifying the dependencies and consistency rules

the variables inside the blocks. This is done in the data description part orin a
rate behaviour section

etween
sepa-

Dyna

mic performance

algorithms

This feature is defined by time constraints which influence the data or the general
device behaviour. For example, the update rate of a process value can influence block

Regarding these functional features, the following compatibility level names are used for the
classification of devices. The IEC 61804 standard for distributed FB applications provides for,
but does not require, coexistence, interconnectability, interworkability, interoperability and
interchangeability between devices using FBs from different manufacturers. This allows the
user to choose a device as part of a new system, or as a replacement, and to understand the
consequences of that choice.
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5.2 Incompatibility

Inability of two or more devices to work together in the same distributed application.

NOTE Incompatibility can result from differences in application functionality, data semantic, data types,
communications interface, or even communications protocols used by the affected devices. Incompatible devices
may even interfere with, or prevent, each other's proper communication or functioning (possibly even
destructively), if placed in the same distributed application network.

5.3 Coexistence

Ability of two or more devices, regardless of manufacturer, to operate independently of one

another—in-the-same-communications nnhunrll’ or-to npnrafn fngnfhnr using-someor allof the

same|communications protocols, without interfering with the functioning ,of iges on
the ngtwork.

NOTE | It is not necessary to have an agreement regarding the communication se gystem-
specifi¢ programming in one or both devices is generally required in order for coe tpgether
in the dame distributed application

5.4 |Interconnectability

Ability of two or more devices, regardless of manufacturer, with¥one another|using
the sgme communications protocols, communication/inte

NOTE | The devices allow data exchange witho f a A data type conversion may be
necesspry. Unique application-specific pradra ing 3 i is generally requined for

intercopnectable devices to function together i

5.5 |Interworkability

cturer, to support the transfer of device
types of the data inputs, data outpufs and

Ability of two or more dey
parameters between d
parameters.

NOTE | If a device ig'replac i imj f a different manufacture, it can be necessary to reprogfam the
application. The dis ed applicatio S igned to accommodate the unique functionality and dynamic
responges of the interwor de

5.6

Ability more
distrib d the
applic ce be
replag g the
replag erent

dynamic,responses.

NOTE lnteroperability—is—achioved—when—both—a—field—devico—and—a—system—suppor—the—same—combirdtion of
P

Lad J J Lad
mandatory and optional parts of the same standard. Manufacturer-specific extensions in field devices or systems
from different manufacturers may prevent interoperability.

5.7 Interchangeability

Ability of two or more devices, regardless of manufacturer, to work in one or more distributed
applications using the same communications protocol and interface, with the data and
functionality of each device so defined that, if any device is replaced with another of the
interchangeable devices, any distributed applications involving the replaced device will continue
to operate as before the replacement, including identical dynamic responses of the distributed
applications.
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6 Functional requirements

6.1 General

The functional requirements, which are expressed in the following subclauses, are defined at
an abstraction level suitable to be well understood by both end-users and vendors.

This abstraction level differs from the FB abstraction level, which is directly used by vendors

and system integrators.

The correspondence between the functional requirements defined

in this part and the FB

concept defined in IEC 61804-2 is not necessarily one-to-one. It may be one

many|or many-to-one.

Annex B is required to be read for a more complete understanding
requirements.

The description of the device functional requirements expligit
a megsurement channel which is located in the field devi

etc.). [t is required that similar requirements are valid
channel (valve, actuator, positioner, etc.).

6.2 |System (or channel or device) status

In principle, there are three main value
qualiffed item:

a) vdlidated capability;
b) ag
c) oy

ceptable degradation(s)

-to-one ~ohe-to-

lowing

snctiondlity of

Lation

er the
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PERFORMANCE DIAGNOSTICS=|
PREDEFINED SET OF TESTS

FAILURE NO FAILURE
DETECTED DETECTED
NOT ACCEPTABLE ACCEPTABLE
FAILURE FAILURE

(CRITICAL FAILURE)

(MAJOR FAILURE)

INACCEPTABLE ACCEPTABLE

PERFORMANCE PERFORMANCE

DEGRADATION DEGRADATION

DETECTED DETEC?Q\ /\<
I

STATUS= STATUSs \

OUT OF SERVICE ACCEPTABLE

The $
consi
and th

For practica
status
operators.

a) Synthesized status

THe.synthesized status expresses the actual degree of capability of the item (dev|

PERFORMAN
(D'E_GR»% ION
N

QNO ERFORMANCE

STATUS=
VALIDATED
CAPABILITY

h are
needs

bveral

ce or

system oOr channel) 1o pertorm the required tunctions.

Inis intormation IS Intenda

ed to

support immediate actions specified by the users for the control, maintenance and
technical management of the systems.

b) Detailed status

The detailed status information makes explicit the detailed diagnostic information needed
for the maintenance and technical management of the system (or device). In the user
vision at least three needs are required to be covered, as follows:

1) detailed information to document the behaviour of each replaceable component as

needed to guide the intervention on the component;

2) information which helps diagnose the faulty part and provides all the details which are
useful to properly repair that part (this diagnosis usually requires more details to be
documented);
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3) as 1) and 2), but here the details are those needed to properly judge the behaviour of
each component for technical management purpose.

6.3  Validity index (VI)

The quality is a relative quality, judged on the basis of achievement of the predefined
requirements for the properties of the channel generating the information. A basic set of
quality criteria to be considered is

a) accuracy and uncertainty criteria (see ISO Guide to the expression of uncertainty in
measurement),

b) timeliness criteria,

c) gqod/bad criteria,

In practical implementations, the criteria used to generate the VI have €0 be explicit ted.

The \l is generated in real time taking into account the results of thexactual djagnostic and
validation of the whole channel that has produced the infarmation. Rherefore the VI explicitly
make ituatic : nistic VI) resulfing at
varyin i n.

6.4

Funct nation

proce

a) S
b) Sg¢nsor ranging.
c) A/D converter control.

d) Data quality determination (\ SOCI verter
dye to ther

e) Influencing quant

6.5
6.5.1

This grocésses information provided by the measurement signal processing.

The nraimmpurpose of themformmation processing component s to provide thehighertevels of
the measurement channel with the processed measurement closely associated with its VI.
The complete semantics of the measurement and validation information delivered by the
measurement device is required to be known. (All the functional units that have taken part in
its elaboration are required to be known.)

Validation is an essential part of the measurement processing and determines the degree of
credibility of the measurement delivered by each step in the measurement processing. The
validation of the information achieved incrementally at each step of elaboration is a
fundamental part of the measurement itself in order to allow a correct use of the measurement
information to which it refers.
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Another important aspect is that, through the convenient use of the VI and of the device
status, the device can work under degraded conditions, leaving to higher levels of
management the decision on the use of the data. In this sense the fault tolerant behaviour of
the transmitter consists of the diagnosis of the fault and in the indication on how much this
impairs the measurement (VI) and the device capabilities (device status).

The functions that have to be covered by the measurement information processing are given
hereafter.

6.5.2 Fault-tolerant behaviour processing

Fault | identification and confining. Information contribution to the cessing~of the
corregponding measurement VI.

6.5.3 VI processing

a) Measurement validation

TRhis processing has to be accomplished along with each\ p ement
prpcessing and not separately, in such a way to guara 2 - fween
ddta and VI.

It Imay include treatment of time redundancy ba
syccessive samplings of the same quantity
dgfined for the application.

—

ber of
beriod

b) Uncertainty processing

THe parameter (uncertainty) may be given

mbpltiple of it), or the half-width |of ence.
Uncertainty of measure i 3, many components. Some of [these
cdmponents may be | distribution of the results of seffies of
measurements and ized by experimental standard deviations. The|other
cdmponents, which also~ca a erized” by standard deviations, are evaluatedq from
agsumed probabilit istributions " b 1 on experience or other information.| It is
urlderstood casdrement is the best estimate of the value pf the
measurand, anhd” th p including those arising| from
syistematic effécts uch\@s components associated with corrections and refdrence

b) Lipearizatio
c) Influencing quantity compensation (software)
d) Filtering
e) Dumping

f) Engineering units conversion

g) Limit thresholds (regarding process alarm application) and all relevant data treatment
h) Transformed measurement processing

i) Measurement time stamping

j) Measurement safe values (generally by replicating the last valid value for an assigned
number of samplings)

k) Measurement trend processing

NOTE There may exist additional functions.
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Device diagnostics and test support

General

The following subclauses concern functions producing information related to device status.

6.6.2

Device diagnostics

a) Power-on self-tests

b) Run-time self-tests

6.6.3

The t
the d
paran
situat
mana

Exam

NOTE

6.6.4

This 3
calibr

e number of abnormal events (suc

b number of electrical shocks of

There may exist additiona

Maintenance-related processing signals and counts all events eful to.perform
device degradation analysis
resee
gradation of a device or of a part of it. The manufact e [which
eters are significant and include in the device the neces y these
ons and report their occurrence to the maintenance 's . F hnical
jement system.
bles of these parameters that have been found dseful |
e time of operation spent outside nomina i h for
ample temperature limits, press e

ample

¢ infrusive tests: i of\these tests interferes with the normal operation pf the

juires that the attachment with the process is swjtched

exécution of these tests does not interfere with the normal

op
Accor] sted tests, the necessary authorization is needed, ang the
devicg/channelha be put in the appropriate operating mode.

The re¢quired functionalities are

a) intrusive device tests execution:

1) support for calibration procedures (both for primary and transformed measurements)

The aim of this function is to give the maximum help to the maintenance operator
responsible for device calibration. As he will perform calibrations on many different
devices of many different manufacturers the help he needs is achieved through

use of standard terminology where already available,
application of a standard procedure when applicable,

direct availability of calibration reports and results in electronic form in order to be
transferred to the maintenance system through the network or electronic support.

2) measurement processing tests against reference inputs;

3) process attachment intrusive diagnostics tests;
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b) non-intrusive device tests execution:

1)
2)

process attachment non-intrusive diagnostics tests;

measurement processing tests against reference inputs (if executable at run time
during time periods agreed upon by the control operator; for example, test of a
redundant part at a time);

c) tests results retrieval:

1)

retrieval of device tests results (information about self-diagnostics, test results and
maintenance interventions);

2) direct availability of actual information about self-diagnostics, test results and
maintenance interventions in electronic form in order to be transferred to the
maintenance system through the network or electronic support.

6.7 |Local interfaces attachment

Availgbility of a local access, through a suitable terminal, to

a) adcess rights management function (see 6.8.10),

b) pre-defined list of information,

c) pre-defined command inputs,

d) repuired local access to support field operator-in

6.8 |[Device (and system and channel)

6.8.1 General

The f¢llowing functions are of the

management functions ¢ e, the

contripution of the devi

In thig

6.8.2

a) Veéndor related ice bvice-
us i f ice along its life cycle (for example, device components part
ny

b) Us pritten
dyri

The apove-informatioh is expected to be written in the device in the relevant phases of the life

cycle py_the vendor operator and the commissioning operator using the following functionality:

a) vendor-related device information modification;

b) user-related device information modification.

6.8.3

When

Configuration function (and help for system configuration)

the transmitter is programmable, the software for the specific functions in the

processing and acquisition parts of the transmitter has to be downloaded from the
configuration system. For instance, if a DP transmitter is used as a level or flow transmitter a

downl

oad of the specific software is needed. Of course, this logical action may have several

practical implementations (for example, EPROM replacement, selection of pre-installed
functions, etc.).
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Configuration will include all the software components needed for supporting the different
tasks assigned to the transmitter such as measurement, diagnostics, test routines, etc.
A specific user requirement is the availability of reports on demand, which allow the operator
to check the actual configuration (consistency check versus a specified configuration). Along
the device life cycle the different users will take advantage of the following functionality:

a) vendor configuration modification;

b) user configuration modification (selection of needed functions between the available
ones);

c) configuration retrieval,

d) read available functions:

e) repd vendor configuration revision;

f) repd user configuration revision;

g) repd selected (active) functions.

6.8.4 Parameterization function

Thesq functions consist in setting parameters to completely ing gene uncti injorder
to sat|sfy the plant application constraints.

The pgrocessing functions parameterization depénds i baded
during configuration; parameters are i non-volatile parameter slipport
and their integrity is required to be co

Parameters to be set are, for example, c i i its [of the
meastired variable, warning and alarm Iev ing 5, etc.
A spegfific user requirem z 3 i erator
to chgck the actual param i tion).

Devicg parameter:
— infrusive parameté

operation of the.de

ormal

— ndn-intrusive S dificati i ith the
ngrmal opération of\thé ice.

Accorfding the d parameter modification request, the necessary authorizafion is
needqd, F nnel has to be put in the appropriate operating mode.

a) infrusive device parameterization modification (single parameter/for defined groyps of
pararmetersy;

b) non-intrusive related device parameterization modification (single parameter/for defined
groups of parameters),

c) device parameterization retrieval.

6.8.5 Measurement management function

This function is part of the device management. Its relationship with the system management
is clarified hereafter.

This function produces proper execution events as needed for each kind of measurement
execution timing. The needed synchronization among the several device managers is
produced by the system manager, by means of suitable network mechanisms.
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It produces the following services according to the needs.

a) Execution event for cyclic asynchronous measurements (i.e. not synchronized with a
system time reference)

Th
as

is is the execution event needed for the measurement to be cyclically acquired
ynchronously with respect to its use and to be cyclically made available to all its users

within the times necessary to guarantee data consistency for the specific application

b) Execution event for cyclic synchronous measurements (i.e. synchronized with a system
time reference)

Th

is is the execution event needed for the measurement to be cyclically acquired

SYNTNTONOUSTY WITIMT TESPECT 10 TS US€e TOINMOWINg the Teception or Sync. Lommanad and to be

m
c) C

TH
as
wi
Aq
st

d) E

measurement. The measurement
issued by the user of the measur

e) E
f) E
6.8.6

The system time man

quired
users

i and
ecution event for measurements on demand

bf the

e measurement is acquired following a
i quest

ers of

each flevice. Q

In sor S vents
with gn absolute timei 9 ) bS are
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c) time synchronization command, sent by the master clock at a defined rate as needed to
guarantee the requested time accuracy.

6.8.7

Timeliness verification support

This function checks that data transmitted, or received, via the communication interface are
always within the specified timeliness.

This p

rocessing contributes to the processing of the data validation.
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6.8.8 Device failure management

The device failure management is aimed at supporting proper management of device failures.

a) Detection of failures

It takes into proper account all the detailed diagnostic information made available by the
device diagnostics and test support. It uses this information to carry out activities of failure
detection and to generate the device statuses (device detailed status and device
synthesized status) as needed for specified internal actions and to be treated by the
measurement channel status management function. This latter function will process all
this information to provide the different users with the information required for the specific

agpfication (IT IS an end-user adaptation).
b) Device decisions (fault-tolerant procedures)

It carries out internal procedures aimed to confine detected faults.(to pr
frgm causing system failures) following requests received
management or to be automatically activated inside the device.

It lincludes procedures to treat possible redundancy of se
prpcess.

6.8.9 Operation management function (extended for access

This is a system management function aimed a
operaling modes. In particular, it mana 2

different human or automatic operators. Thij C edures of intervention
field Hdevices in order to realize inter S e agreed among the H
equired to cooperate with the s

organjzations. Of course, the device
management to achieve the result.

All the paper procedur s > in~order to achieve this function may n
simplified because of the.new~communication~-means between the devices and the intelli

embefided in the gj\:vi es themselve
It is fequired thatfo ch S action between the operators and the distr

system the device ) blés the needed device functions and disables
otherg. A managé e_has’to be established in order to give the different ope
the qualifications te ac ctions or devices as defined on the basis of agreed n

This i$ intend

Typical op

suppdrted by the ys m management are

a) cdntral remote auto (associated operator: control device),

b) cdntrel remote manual (associated operator: control remote operator),

ilures
el of

o the

bveral
en the
in the
uman
ystem

bw be
jence

buted
Il the
rators
eeds.
ess).

to be

c) control local (manual) (associated operator: control local operator),

d) maintenance remote (associated operator: maintenance remote operator),

e) maintenance local (associated operator: maintenance local operator),

f) commissioning remote (associated operator: commissioning remote operator),
g) commissioning local (associated operator: commissioning local operator),

h) parameterization (associated operator: parameterization operator),

i) self (associated operator: none; the device has lost the fieldbus connection).

NOTE There may exist additional operating modes.
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6.8.10 Access rights management function

The access right management function is the qualification check on every access to normal

device functions.

In each operating mode the devices themselves qualify which operators are allowed to

perform on them certain pre-defined actions.

It is obvious, for example, that it is extremely important to disable the write access to the

device for configuration,

parameterization and tests on demand purposes when the

measurement processing functions is required to be active (such as in control operating

)

modes):

This dlevice requirement is the complement of a corresponding requi

level.

7 FB application requirements

7.1 |System overview

The ¢
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Figure 5 — Components of a FB device
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In a real device or resource, there are only data and function (program) codes as well as
interfaces to the communication, process and HMI. Only via the communication system, by a
configuration or design tool, these data and program code are seen as FBs, management
agents or data connections. The specification of the device model is an external view to the
device implementation. The device model describes details of the overall system architecture.
The device model is an abstraction of the real device.

The basic components of a device performing FB applications are the FBs (see Figure 6) .

FBs are composed of data and event inputs and outputs, internal data, contained data and
algorithms. They have the following general requirements.

NOTE The term FB is used as a synonym for blocks in general (function, device and technology blocks) as well

as for FB-in-particutas:

Further description is given in 7.3.

a)

FB environment

FBs are embedded in an operating environment shown 2 e FB
environment performs special process control functions{ whic ¢ i ilable
Vi . These

FB environment functions are used by external applications independent lel to,

NQ@TE Common functions and data of the FB environment ca € xample
trgnding.

Application management entity (AME

Many process control devices need\adoptio dware configuration from the
fupctional point of view. For instance;. thesava in a modular device have|to be
configured or the model version i an additional input for measurement
compensation. This causes the addi of FBs. These functions will be

initiated by the so-called e. 3 [ unctions in a device modifying| their
application software. E 1 es not define the AME. This shall bel done
within the framewp series. Annex F describes the management
refjuirements .

NQTE The AM

bmmunication

and
and
and

and the interaction between FB environment/AME
to be supported by the communication serviceg

HA —e0 atio Bretecols—and Go aHo and

protocols used with the FB application process and the system and network management
application process are required to be specifically designed for use with distributed
application processes, and are required to provide the services required by those
applications.

Three different types of communication requirements are required to be considered:
1) Time-critical communications

Communications services and protocols used with the FB application process are
required to support the unique requirements of time-critical communications, including

i) deterministic transfers,
ii) spatial consistency of transfers,
iii) temporal consistency of transfers.
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2)

Demand communications

Communications services and protocols used with the FB application process are
required to support the unique requirements of time-available communications,
including segmented transfers of large data blocks. Communications services and
protocols used with the FB application process are required to also support the unique
requirements of “report by exception” communications.

Event communication

Communications services and protocols used with the FB application process are
required to support the unique requirements for communicating events, and in
particular be designed to

d) Resources

1) minimize loading during quiescent periods,

ii) prevent overloading during high-activity periods.

A |resource is considered to be a logical subdivision within the so odssibly
hqrdware) structure of a device. Resources have independ 3 ation.
THe definition of a resource may be modified without affegti Lk OUTC ithin a
ddvice. A resource accepts and processes data and/or eve ts f nd/or
cogmmunication interfaces and nd/or
communication interfaces, burce.
An interoperable network view of applications( is /provi ) i Lirces.
Edch resource specifies the network visible ects’ o icatiohs (or
pdrts of distributed applications).

7.2 |Overview of basic FB types

7.21 General

The bpsic FB types that ir associated resources are listed pelow

(see Kigure 6). They a

e repource bIo@

e tethnology bloek;

« FB;

e vigw block;

e trgnd bloc

* alert™block
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Process I/0O Resource hardware
[ | [ |
| Resource
Technology Resource
block block
Function -
block
T .| Function
"] block
 e— Alert

View block
block

Trend block|—| <
<\\\ %
—[ Communications interface & N@

N
To/from remote
<\f} %)

plication for the process industry

7.2.2 Resource block

The ¢haracteristics o nt associated with a resource may be
described by a sef of included in a resource block. The resource|block
may also contai@' C on’ to FBs and technology blocks for example set
fail-sgfe. These v g [ e device block (see 7.4.4). The terms device|block

and rgsource block.a

7.2.3

Techr|ology S_i - 3§ from the specifics of 1/0O devices, such as sensors, actuators,
and svitehes: blocks control access to I/O devices through a device indepgndent
interfgce defined by FBs. Technology blocks also perform functions, su¢h as
calibragtion and-~li ization, on 1|/O data to convert them to a device-indepgndent

representation. Thei
I/0 cHannels.

interface to FBs is defined as one or more implementation indepgndent

7.2.4 FB (function block)

The FB is the primary means of defining monitoring and control in a FB application. FBs
represent the basic automation functions performed by an application, which is as
independent as possible of the specifics of I1/0 devices and the network. Each FB processes
input variable and technology block input according to a specified algorithm and an internal
set of contained variables. They produce output variable and output to technology blocks.

Based on the processing algorithm, a desired monitoring, calculation or control function may
be provided. The results from FB execution can be reflected in parameters which are included
in the function block for operation or diagnostic information. In addition, processing results
may be reflected in the output to a technology block or to one or more output variables that
may be linked to other FBs (see 7.3).
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7.2.5 View block

The FB environment includes data structure definitions, called view blocks, to allow access to
related block parameters as a group. View blocks facilitate fast operator display response
when viewing FB data.

For each FB type, view blocks are defined for each of the following block parameter
groupings:

a) operations dynamic parameters;
b) operations static parameters;

c) alldynamic parameters;

d) other static parameters.

7.2.6 Trend block

FBs afre required to include data structure definitions, called tre stoa
sequgntial set of time-stamped samples of a single block para blocks
eliminate the communications and system processor nning
paranjeters at a fast rate for trending.

Trend| blocks definitions are required to include i s and
theirrIssociated sampling functions (fo mum,
maxinmum, etc.).

7.2.7 Alert block

An alarm is the detection ¢ » a rns to
that s 1 : § in the
alert message. Also, the prie i ritical
alarm

The R 5, and
assoc event
inforn vents

toas

Alert ¢ the definition of standard exchange protocols for init|ating,
sendi a ert block reports, acknowledging alerts, interpreting standard and
custom reaso s, and configuring alert functions such as alert key, alert priority| alert
auto-é

Alerts| aré-used by resource, technology and FBs to communicate notification messages|when
alarms—aredetected:

7.3 FB requirements
7.3.1 FB type specifications
The process FBs are required to include

a) standardized data structures,

b) standardized semantic meaning,

c) common behaviours associated with standardized data,

d) standardized definitions for basic input, output, and control functions.
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7.3.2 FB normal and abnormal operation requirements

A FB performs normal and abnormal operation (see C.2.6). The normal operation of a FB is
carried out under positive conditions of the process and automation devices during stable
operation (operating point). The initialization, the warm or cold start as well as more advanced
operations like going in a safe position are additional functions of the process control FBs.
These operations are fixed parts of the FBs that are default linked to the associated events.
These operations are known as abnormal operation or exception handling.

7.3.3 FB functional requirements

FB functional requirements valid for both discrete and continuous control are

a) the within
the re not
folo

b) a e FB
agplication, ired to
hgve status;

c) FH lation
[oF: butput
limi

d) Ft ntrol-
m alues,
or| bters;

e defined standard fail-safe actigns on
a FB application process redource

e) FH
dg

fall-safe command. Whe 3 s,its fail-sa ion, it i i send
an alert message via an . i i include a
re A

f) FB functional specificati Ui i i [ butput
tracking beh ur. ecifications are required to include defined standard
bigs and rati -poi pi aviodr;

status
dtatus,

g) FE

al enable and disable each simulation parameter. The FB
sf to include defined standard behaviour for the simulate
pe imulate enable/disable parameters. The defined stindard
erja haviours are required to accommodate a mandatory simulation djsable
h3

d te include parameters and standardized functional definitions for process
) and deviation (DV) alarms;

h) FBs are_require
measurement (P

i) FBs\are required to have mode, which controls the FB internal flow of information from
inputs to outputs and the variations of the algorithms of a FB;

j) FBs are required to include standardized functional definitions for initialization and restart
for each block. Behaviour is required to be defined for the following operating
circumstances:

1) new device;
2) cold restart (extended power failure);
3) warm restart (short power failure);

4) return from device fail-safe.
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7.4 Initial sets of FBs derived from I1&C

7.4.1 Minimum set of FBs derived from ABs (rich FBs)

The following examples give the minimum set of FBs for process automation (see Table 2)
required to ensure integrity of these lower level controls and to ensure that a large section of

the experience embodied in the last 10 years of fieldbus standardization effort is not wasted.
Of course, the minimum set allows extensions.

Table 2 — Example of initial FB set

FB name Description Why included in the minimum list
Loop control PID with configuration for proportional To ensure all PIDs operate jh the~same way_given
(Propottional on error, proportional on measurement the same configuration and|tuning parameterg. This
Integral change, velocity and position outputs will help to ensure maxi arenyell tuped.

Derivaffve — Will promote understaf eedhfor differgnt

PID) Interactive and non-interactive algo- tuning sets. Will pro andardstuning tools and
rithms include simple set-point ramp methods

option including ratio bias on the set-
point input

Include error squared and non-linear

option
Selectqr for Multi-input high/low selector, with To allow co ongverride and constraint confrol
control|outputs initialization and status passing implementation{with secure initialization and fest
/] ind-up prﬂenti

Selectqr for Highest, lowest, average apd middle of r tw, ou@t eg’voting and extra security jon

measufements three measurement selecto nrefiable measurements (for example, analyfical)

Splitten For split range controls Support of k calculation for initialization and
acking for bump-less transfer, wind-up prevgntion

Analogpe input Scaling linearjzation quality ghecking Me that scaling and conversion work i4 kept

to @ minimum and performed in the same way]. To

w all manipulations in a control scheme tol be

done in floating-point engineering units in all
implementations

Analogpe output | WithNinte To ensure that common nomenclature, fail-safe
Iin zatien for n operation, constraint controls and output chegks are

performed in the same standard way in all imple-

mentations

Output|fan-out of\cont IIeth_gu(s with auto To ensure that common nomenclature, fail-safe
al swit operation, constraint controls and output chegks are
performed in the same standard way in all imple-
mentations

AN
Discrete Nn Wltiple status inputs To ensure common nomenclature, fail-safe
variablg/pulse operation, checks, counts are performed in the same

input way in all implementations
Discretpe Sinab/and multiple digital control To ensure common nomenclature, fail safe
variablé¢ oGtput outputs operation, checks, counts are performed in the same
way in all implementations
Lead lag First order lag and lead function To allow common feed-forward and constraint
control implementation with secure initialization
Dead time Table driven dead time To allow common predictor, feed-forward and
constraint control implementation with secure
initialization
Control/incre- To sum outputs from incremental To allow common feed-forward and constraint
mental summer algorithms or to combine controller control implementation with secure initialization
outputs
Control ratio Ratio outputs of controller with To allow common feed-forward and constraint
initialization control implementation with secure initialization
Input switch To switch inputs on event To allow common predictor, feed-forward and

constraint control implementation with secure
initialization
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FB name

Description

Why included in the minimum list

Characterize

Twenty-point interpolated two-way
characterize block

To allow simple characterizations such as tank
strapping and linearization

Timer General timer to time functions, count To allow simple batch/sequence functions to be
time on, produce delays timed pulses, implemented with secure initialization
etc.
Integrator Integrator for flow mass power, etc., To allow simple batch functions to be implemented
with reset and trip functions with secure initialization
Continuous General alarm block "hi", "hi hi", "lo", "lo | To ensure common alarm functions are implemented
variable lo" with fail safe actions, dead bands, securely with initialization, and audit trails
alert/alarm ignore, count, dynamic deviation, filter
He-starmps
Discrete General alarm block for discrete To ensure common alarm function \are implemented
variablg alerts variables with fail-safe actions, invert, securely with initializatiom;
and algrms group, ignore, count, dynamic deviation,
filter time stamps
Device|control General block for controlling motor To ensure com screte
block driven devices, valves pumps, etc. with output control funct irely
start stop open close stopped, started with fail-safe, injti H to
opened closed, travelling, faults ensure i
statuses. functionalhcode
N
Contindous General block for operator entry of nctions\are implemented sgcurely
variablg¢ manual analogue variable with checking and Ilzat n,~and_audit trail
entry initialization
Discrete General block for operator entry of reée;}y fungtions are implemented sgcurely
variablg¢ manual discrete variable with checking and |th inltiali nd audit trail
entry initialization
Set-point ramp General 16-point ramp-soak block for ure maximum re-use of common code and to
batch-type cycles (N0 enforce n|t|a||zat|on and audit trails
Annex D shows an exampl analo input FB.
7.4.2 FBs der
The HFBs cover lo al algorjthms for the information processing of the varipbles.
In thg area of proc implementation of these algorithms needs add-ops for
safety reasons. ms provide default values after cold or warm staft of a
devicg, values or a status of the success of the algorithm (for exampl¢, bad
at division ons are necessary to start application parts that bring the
procegs j rally speaking, every algorithm and process-related varigble in
the FB applica be combined with a state providing the confidence of the algorithm
execution and alue. The main algorithm is the equation that determings the
calcullation aof put. The additions determine the state, default values and gthers.
Table|3 gives an overview of commonly used FB derived from EFBs.
Tabl — Exam mmon li fEFB
<-similar FBs -->
Suggested IEC VDI/VDE
Category Description Name 61131-3 3696
arithm., 1 input absolute value ABS ABS ABS_
arc cosine ACOS ACOS ACOS_
arc sine ASIN ASIN ASIN_
arc tangent ATAN ATAN ATAN_
cosine COS COSs COS_
exponential function EXP EXP EXP_
natural logarithm LN LN LN_
logarithm base 10 LOG LOG LOG_
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Suggested IEC VDI/VDE
Category Description Name 61131-3 3696
sine SIN SIN SIN_
square root SQRT SQRT SQRT_
tangent TAN TAN TAN_
dead zone (= dead band) DEADZ - -
limiter LIMIT LIMIT LIMIT_
linear scaling SCAL - SCAL_
Non-linearity (support points) NL SUP - NONLIN
Non-linearity (polynomial) NL_POL - -
splitter for split-range control SPLIT - A (in OU\F\A)
arithm.| >=2 inp. Add ADD ADD AN\ [ADD)
Divide DIV DIV \ DIVAX
Exponentiation (in1**in2) EXPT EXPT.\ \(JEXPT_
Modulo function MOD MQD \\ IMODX
Multiply MUL <[y, & MYL_
subtract SUB SQB\ *S/UB_
average of n signals AVEﬁ(_N ﬂ e ) -
flow-rate correction by P, T '(?6@\':‘\\// /\ - Y_FCOR
booleap + edge boolean and ( / Dﬁ ( AND AND_
not (negation) QIOT l>1bT NOT_
boolean or /A (0] OR OR_
boolean exclusive or \ (N ng\ > XOR XOR_
falling eﬂ{fé{{etegtfrcn\ f_TR\Ki F_TRIG FTRIG
rising edge detedtion R_TRIG R_TRIG RTRIG
countef, flip-flops univ*ar\ée\l g{ﬁn\ter (\ =4 CTUD CT
‘tkistakb\le (res%&s@ina t) > RS RS RSFF
bistable (set deminant) SR SR SRFF
/géate\{ha}\or e\qum\w GE GE GE_
|greater than ) GT GT GT_
ot qual. NE NE NE_
N\ [ress(than, oxegual to, LE LE LE_
{ ess than, LT LT LT
\ %Wlarm or message) SAM - SAM
dynamilc and contr run\w'ng average of one signal AVER_1 - AVER
(filtered) differentiation DIF - DIF
High-/low-band filter - - (FIO/SEO)
pulse width modulator PWM - PWM
rate limitation RLIMIT - -
second order dynamic SEO - SEO
selection convert 1-of-n-bit to number BIT_N - BIT_N
demultiplexer DEMUX - DEMUX_x
timer boolean off delay TOF TOF TOF1
boolean on delay TON TON TON1
boolean pulse TP TP TP1
dead time DEADT - -
trend storage registration (trend storage) R or TREND - R
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7.4.3

a)

Technology block

Technology blocks are special FBs performing all functions necessary to transform
physical signals into digital ones and vice versa. That includes analogue-digital/digital-
analogue transformation linearization and others. The definition of the technology block
functions is accompanied by parameters. The technology blocks represent the actuation
and measurement type. All measurement and actuation principle specific functions and

—40 -

parameters are encapsulated in this block.

TS 61804-1 O IEC:2003(E)

The functional classification of measurement related FBs is shown in Figure 7.

Measuring
equipment
Measuring equipmen Measuring equipment
with analogue or limit detecti
digital output <Oﬁ\
| | | | | N - SN
D (Density) F (Flow) L (Level) Q (Quality) (Radi m }\Te W (Weight
IS peraturi mass)
i (\ (Speed,
E (Electrical P ( ressur&% mtio )
variables) frequency)
Differential Hvd > Ezfﬁtoa_nce
essure— |~ [\[V! mi‘h @\) || _couple
| d N )\/
oating Di Iaw\
ko = rErﬁN - Pyrometer
> > | | Pressure
R
Ele ro@\ B X . )
— i — Floa — Expansion
\/\Qet"c‘ A Differential
™ pressure
] - - -
—\%SUNQQ/ || Ultrasonics | th'r’;;eta”'C
“Voftex ' Hot/cold
*i counter — Microwave ] conductor
1
I Displacement | |Laser/optical
counter
Turbine wheel
[—counter I— Radiometric
Coriolis F—Capacitance
|
I
F— Thermal

Figure 7 — Functional hierarchy of sensors: example
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b) For each path and level of the tree, the characteristics and required properties,
parameters and function are required to be pointed out.

NOTE The borderlines between the functional classified FB types are sometime soft. A support is required
that allows the users to identify the main purpose of the FBs.

c) The technology block is required to include a CHANNEL parameter, which is required to
be used for data connections to other blocks within the resource. The CHANNEL
parameter is required to serve as the technology block “tag”, and other parameters within
the technology block is required to be addressed as “CHANNEL.Parameter”.

7.4.4 Device block

a) Device blocks are special FBs containing all parameters and functions ne or the
identification of the device itself (device plate), for service purposeg’lik space for
cqrtification date or maintenance messages. The device blogk S ’ evice
hgrdware and software in general.

b) The device block is required to contain a description of the i N ini he FB
agplication process, including the resource tag reference,\the i iption
reference, and the resource object dictionary.

c) The device block is required to contain information me i cation
repource, including control of the resource ste i space allocation, and
ugdating of non-volatile memory.

d) The device block is required to provi i ocess
feptures supported by the device~and resot Cll or
UIicode) and input-output hardware ty

e) De¢vice block parameter and/func 'oamif'ca jons are required to include a regource
fall-safe command which, wt s.required)to cause all technology and FBs within the
repource to execute thei A [

f) Device bIoc
fal|l-safe disable

for all technolog

specifications are required to include a redource
ictivated, is required to disable the fail-safe agtions
the’resource. The device block is required to send |a fail-

sdfe disabled{alext v k (see 7.2.7) and repeat said alert at a user-configured
rate, whenever\the\fai e disable function is activated.

g) De¢vicenblo eter and functional specifications are required to include a reqource
isplation ' ion. This function, if activated, is required to sum the number of

odcurrenses n the resource have exceeded their “stale count limit". When this
sym exceeds-a configured value before timely communications resume, all technology and
FBs within the>resource are required to be forced to execute their defined fall-safe
adtions~' This function allows a secondary in a cascade to wait a relatively long time before
eXecuting its configured fail-safe action

7.5 FB environment requirements
7.51 Object dictionary

The FB environment is required to include an object dictionary, which contains descriptions
for all blocks and objects within the device. Applications external to the device utilize the
object dictionary to obtain descriptions of blocks and objects within the device via the
communication system, and to determine internal storage indices for parameters.

7.5.2 Link object

The FB environment is required to include data structure definitions and associated functions
to map resource and FB parameters to communications relationships, called link objects.
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7.5.3 FB services

The FB environment requires that certain services be performed with regard to all
communications to and from other FB environments in other resources or devices, in order to
provide consistent operation of all devices in the system regardless of manufacturer. They
also provide necessary coordination between the FB and system management application
processes.

7.5.4 FB schedule

a) The FB environment is required to specify a standard method or methods to control the
execution of FBs. The specified method or methods are required to synchronize block
eXecution with

1)] the communication of block inputs and outputs,
2)| the execution of other blocks.

b) Calculation of parameters that control the schedule of communie Xepution
m e FB
er ent is
re heters
de

c) TH
oy

d) TH

5 and

red to

ag

e) TH Qdate non-standard or “manufagturer-
Sp in a device.

fy A ethod of FB execution control within a
dg L 7 The identification method is required to
bg s i tah execution control methods (i.e. to allpw for
fu ]

7.5.5

The R S ui pecify parameters, functions, and protocols for revision

contrg a igurable parameters within a device. Main parameters are

a) dqvi

b) dqvi

c) st
d) wiite lock,

e) adcess permissions parameters.

7.5.6 Maintenance block

The FB environment is required to include data structure definitions and associated resource
functions to allow retention in the device and controlled transfer within the system of
maintenance information, called maintenance blocks.

Main parameters of maintenance blocks contain the following information concerning device
characteristics and maintenance events:

a) wetted parts and material codes;

b) manufacturer-entered text strings;

c) user shop-entered text strings;
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d) user field-entered strings;
e) user-defined maintenance activity codes;
f) results of manufacturer-defined interactive calibration procedures.

7.6 Communications requirements

a) Parameters, blocks, objects, and functions in the FB environment and the system and
network management application process are required to map efficiently to the underlying
communications protocols and services.

b) Communications services and protocols used with the FB environment and the system
arfd network management applicafion process are required to be specitically designked for

ude with distributed application processes, and are required to rvices
required by those applications.
c) Communications services and protocols used with the FB eny ited to

sypport the unique requirements of time-critical communications
1)| deterministic transfers,

2)| spatial consistency of transfers,
3)| temporal consistency of transfers.

d) Communications services and protocols used
sypport the unique requirements of time-avaita
transfers of large data blocks.

ment are requifed to
, including segmented

e) C quired
to

fy C ed to
sU igned
to
1)
2)

8 A

8.1

An ov s (for

exam ms of

FBs. ay also be applied in cooperation with non-FB process dontrol

applications need an on-line data access to the variables and
paranjeters of the FBs as well as to other device specific information see Figure 84.

This subctause provides an overview Or the Key requirements.

4 The cooperation with non-FB applications can be viewed from two standpoints. For the purpose of this footnote
a FB application is assumed to be is located in a server. First, from a FB application point of view, it may be an
advantage to model the client also as a FB application. This is the view of the IEC 61499 series. This would require
the client being modelled using FBs. Most PCs (at this time at least) are programmed using non-FB languages.
Second, from a client's point of view, control, maintenance and monitoring are required to be independent of the
FB model/language. This is because of the generic nature of these applications. Standardized control,
maintenance, and monitoring applications (the protocol required to run these) provide functions to be used in many
other control environments, i.e., device applications programmed in C, C++, or any other non-FB language.
IEC standards like IEC 60870-6-503 and IEC 60870-6-702 (TASE.2) provide services and protocols for monitoring,
control, and any information modelling and access. On the other hand, the configuration application is by definition
specific for a FB model/language.
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NOTE
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b)

c)

8.1.1.

d)

— 44 — TS 61804-1 O IEC:2003(E)

Monitoring, control
maintenance,
applications

Configuration
applications

Object-oriented
data access on-time critical

off-line operation

Time-critica
control operatio

Management
applications

FB application

is
a
sq

re
m

er
Ccg

Cg
Cg

ar
lo
sy

( General

There are some requirements overlapping with those arisi
ation has to consider both points of view ™.

ation functions (data access, data

duced integratio

bchanism across
> iu\;

d devices and
rporate facilitie
mmunica
mmuni

overall system” environment, which may include high-speed communication cha

in the

tation

ng in

public

hnels,

v-speed channels, shared channels, media with unique transmission characte

ch.as radio, mobile radio, satellite, power line carrier, etc.,

ristics

the current and future network configurations, which may include hierarchical sub-
networks, peer-to-peer communications within a subnetwork, and full peer-to-peer
communications across the enterprise.

8.1.1.3 Device/processor capabilities

Cooperation with control, maintenance and monitoring applications is required to

a) take into account that the processing, computational, and storage capabilities of specific
devices may range from very powerful to severely compute and memory constrained
devices,

b) be able to support from one to hundreds of devices on the same network or subnetwork.
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8.1.1.4 Dialogue characteristics
Cooperation with control, maintenance and monitoring applications is required to

a) support different communications dialogue and data flow requirements, which will include
1) one-way only,
2) two-way alternating (such as a hierarchical polled architecture),

3) two-way managed by the network protocol or media (such as fieldbus, token passing,
CSMA/CD, and radio-based “intelligent” media, for handling unsolicited reporting),

4) two-way simultaneous (such as a full duplex WAN);

b) sypport messaging across a variety of intermediate devices, local subnetworks and| WAN

links;

c) sypport multiple concurrent communication subclauses between thé
d) sypport prioritization of messages and/or the ability to interrupt fong
e) sypport application level security;

f) mpximize network throughput by supporting efficie
techniques.

8.1.1.p Addressing of devices

Coopegration with control, maintenance

a) addressing of devices which range.i same
ngtwork,

b) addressing schemes for handllng sho vali ithi vorks,
while permitting access

c) addressing scheme

8.1.1.p Netw tra

Coopeération with cop

a) ddta rates from ve spee peeds
(glgabits $,

b) differing f 2 - (once
or| twij = issi pecial

cdses on_th

c) transmission~ef messages ranging from a few bytes of data to very large files.

8.1.1.y7 Timing issues

Cooperation with control, maintenance and monitoring applications is required to

a) support clock synchronization of devices,
b) support time stamping with at least 1 ms of accuracy,

c) minimize time measurement skew, with at least 1 ms of accuracy.
8.1.1.8 Application service requirements

Cooperation with control, maintenance and monitoring applications is required to support

a) concurrent access of a system by multiple users;
b) scheduled and unscheduled data exchange;
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m) dgwnload and upload of device configuration files;

n)

8.1.1.p Application data format

Coopegration with control, maintenance

a)
b)
c)

Coop

8.1.1 .IO Operationa

- 46 - TS 61804-1 O IEC:2003(E)

remote data retrieval on demand by the client;

unsolicited reporting of data, driven by events at the server;

publisher-subscriber data exchange;

report by exception transmission of data, in which only changed data is transmitted;

remote device control commands (constraints to be supported before control is executed:
immediate control, control on specific conditions like setpoint value between limits or
setpoint value limited to a specific configured value, etc.);

remote device control commands are required to be allowed by multiple clients, clients
may be allowed to connect to a server any time;

prevention or concurrent Controlr comrmanas DYy Testriclion to one operator at a ume _gr by a
sgmaphore mechanism;

remote event recording and logging of events;
brpadcast and multicast data to devices;

remote program control;

erfor management and reporting.

required to support

ohject-oriented data structures and
dgta types common to FB applicati
sqlf-defining naming conventio

ration wit

ngtwork manage
1)| recording ‘ nt link

2)| monitoring, d 2t i users

4)| online.retcanfiguration of remote network devices;

5)| charge-back services to reallocate costs to network users or departments;

6)Laccounting management facilities for use of third party network facilities:

7) management of security services and mechanisms to ensure maintenance of overall
network system security.

directory services, including

1) identification of applications, processors, devices, and data objects;

2) integration with outside directory services, such as public e-mail providers;
3) restriction of information only to authorized users;

4) search and sort capabilities.

security mechanisms, including mechanisms to ensure:

1) confidentiality, by preventing the disclosure of transmitted data to unauthorized
parties;
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2) integrity, by detecting the modification, insertion, deletion, or replay of transmitted
data;

3) data-origin authentication, by demonstrating that the origin of transmitted data is as
claimed;

4) non-repudiation, by preventing either the sender or the receiver in a communication
from denying their participation;

5) user authentication, by demonstrating that the identity of a user or system is as
claimed;

6) access control, by guarding against unauthorized access to resources including the
attempted use of resources in an improper manner.

8.1.2 Cooperation with configuration applications

In thig context, configuration (of a system or device) is required to
the sylstem or device design with the following activities:

tep in

a) sdlecting functional units;
b) assigning their locations;

fining their interconnections.

Coopeération with configuration applications is requi i ith the

follo

a) re i , and € [ gmong
F

b) re i , i i gmong

NOTE s H to an
Applicdtion Layer of, , T ged, its
meaning as well as the a q se and

complete set of definitio b ol also
define i 3 b

NOTE 2
setpoin

ing of a

8.2
8.2.1

The precéss control user requirements in this subclause address the following considera|tions:

a) FB environment;
b) communications functions;

c) revision management.

Many items listed in this subclause have the appearance of technical implementation details
rather than user requirements. However, because of the multivendor nature of intended
systems, users require a standardized implementation of these technical details in order to
produce operable systems. Furthermore, users require specific implementations of certain
technical details, because the distributed nature of the application process requires a specific
implementation in order to produce operable systems. Finally, underlying the requirements of
specific implementation details are decades of experience with different implementations by
different system suppliers, and a broad understanding of what will perform best in a majority
of process control applications.
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8.2.2 Multivendor systems

A process control user application, called a FB environment, is required to be suitable for the
construction and operation of multivendor systems. The application model is required to
enable users to easily determine the degree of compatibility between devices. Device
compatibility is required to be described in a way that makes it clear that the device is
interconnectable, interworkable, interoperable or interchangeable.

The application model is required to define standard data structures, behaviour, FBs, and
profiles for commonly used process control functions and devices, as an important step
forward to enable interchangeable devices. The model is also required to include provisions
for combinations of standard and custom data structures behaviour FBs_ and profiles to

enable interconnectable, interworkable and interoperable devices.

8.2.3 Extensible

The process control application model is required to be extensib H and
manufacturer-specific data structures, behaviour, FBs, and dévice . ensiong that
confofm to the process control application model are <) user
requwements for muIt|vendor systems. The process cont ol app 'ca ifed to

8.2.4 Distributed applications
8.2.4.{ General

The application model is required to i ss” control applications thgat are
distriquted in different devices.

8.2.4.p

Distributed process cantrol applicdti a nique communications requirements that are
requri}d to be met : munications protocols. These include decure
com unications' ips tfibuted applications, functionality for sympchro-
nizatipn of applicatio ctions, and provisions for time-critical communic3gtions,
time-gtamping of data andard processing of alarms and events, executjon of

distriquted atomic a S ymenting and re-assembly of large data sets.

8.24.

The pro s application model is required to function with field communigation
standards, the IEC 61158 series, EN 50170, etc.). The process dontrol
applidation model is)required to be optimized to maximize the utilization of available
bandwidth-in.low speéd, intrinsically safe, fieldbus-based control systems. The data strugtures

and cpmmunications functions defined in the application model are required to map effigiently
to thelfieldbus communications services and Inrntnr‘nle

8.24.4 Compatible with ISO/OSI Model

The process control application model is required to function with various open systems
communications networks, and therefore is required to be compatible with the ISO/OSI model
for data communications. The process control application model will provide common
application usage semantics in the context of the OSI model. The process control application
model does have unique communications services requirements. These include — but are not
limited to — time-critical communications, system management services, and protocol speed
and efficiency. The unique communications services requirements of the process control
application model are required to be specified, to enable users to easily determine the degree
of compatibility of a particular OSI-compatible protocol with a conformant process control
application.
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8.3 Conformance requirements
8.3.1 Organizational support

The process control application model is required to be supported by an active organization of
technology developers, equipment suppliers, and end-users, responsible for implementing
and maintaining the model in real systems.

8.3.2 Ongoing changes and additions

No process control application can be complete and unchanging, and still remain useful to
meet the changing needs of real applications. The standardized process control application
mode| is required to have the support of an efficient and effective sponsoring organization,
capaljle of implementing periodic and timely additions, deletions changdgs, to
acconpmodate the changing needs of the process industries.

8.3.3 Conformance testing and certification

The dfficient and effective implementation of real systems _in\real apglications requirgs the
unambpiguous identification of devices and systems that/conform ocess
contrgl application model. The model is required to inclu j gasurable criteria
needdd by independent test organizations to certify cagmpatib eVi nd systems.

8.3.4 Training and support

Develppers, suppliers and end-users alike C ing)s s of i i Bining
to support implementation of real syste e ontrol
applidation model. The model is req ective
spongoring organization, capable of pr

9 D

9.1

The r iogn has
made ed by
comp ontrol
syste s and
betw bering
proce what
kind ¢ on of

hard- [and f|rm are r ease, the data format to be exchanged, the reaction tlme the physical
unit, etc. Insmost tases, the fieldbus controller, located in the engineering station also peeds
to kngw the communication abilities concerning responding time, supported baud rates$, etc.
With thet.development of remotely accessible devices, most of the device features are put
together in a device description, which is delivered in addition 1o the appliance. The term
electronic device description is used, because it is more then a language; indeed, a
technology which shows how to integrate devices in the allover DCS life cycle.

9.2 Basic requirements

In order to work out, the general user requirements, the meaning of the term user has to be
defined first. Two kinds of users can be distinguished:

— the end-user or operator of a plant or machine;
— the system integrator.

Do their requirements for an electronic device description differ although they are working
with the same distributed system? The following paragraph will analyse this question.
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For the end-user of a distributed control system, the most important thing concerning device
description is its transparency. The end-user wishes to see only the graphical user interface
of a device represented in the SCADA-software or other human machine interfaces (HMI).
Therefore, the electronic device description has to be constructed following the plug and play
concept. Furthermore, exchanging a device in an application is required not to lead to a big
engineering task but is required to be done simply and securely by a technician. The device
description has to support this.

In contrast to the end-user, the system integrator, who does the engineering, installation and
documenting has different targets to meet. His goal is required to be to reduce the
engineering tlme for solvmg |nteroperab|I|ty problems but to enhance the engineering effort to

mth the
ses of
rdized
and ¢
The cpnclusions from this analysis are, that the user requireme mainly
from the system integrator’s point of view, because he has to tronic
device description. Because computer tools, known as P e the
state-pf-the-art instruments the system integrator uses, tronic

device description will be developed from what theset N s of the

Process control systems provide con igi .| They
conngct people (for example, | i I butput
devicgs, data processing units, human

¢ (function, device, and system). The
engineering aspect becomes its increasing complexity and the|costs
involved. The complexity\resuits ¢ cjors influencing the engineering process
such jas different devi g i t, data processing, HMI, communication),
procegs physics ( ' ife-cycle phases and device vendors. Today,
the integration ¢ sually done by building hardware and software
interfgces and i |ve commissioning processes based on trial-and-error

appropches. This wi i e’under a true cost of ownership principle. Integrated
tools i t e engineering process in order to avoid data lossgs and
inconsgi ies. cuments and even of electronic means does not pfovide
a sufffci iomasnleng as\there is no common transfer syntax and a standardized data
mode|.

The fi veloped some approaches to exchange data by electronic means.

This ipcludes(Devi escriptive Languages (DDL) and Device Data Base (GSD) (HART, FF,
and PROEIBUS).

The
Ianguage can be summarlzed as follows

evant

a) An EDD (in terms of a file) is required to be delivered by the device vendor together with
the device.

b) EDD is used in the engineering process of the distributed control system, supporting
planning, commissioning, operation, diagnostics and maintenance.

c) EDD is used within the context of a determined architectural model and supported by a
corresponding chain of software tools (editor, tokenizer, and interpreter) with standardized
interfaces.

d) Two different EDD presentations are required:
1) source (human readable and computer interpretable),
2) optional: binary (created by tokenizer, interpreted by interpreter).
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e) The EDD is required to be stored on disc and is required to be stored within the device
(transport via fieldbus).

f) The EDD is required to be independent from the underlying fieldbus system.

g) The EDD is used to describe information identifying each item and defining relationships
between them (hierarchical, relational).

h) The EDD is required to describe at least the FB model.

i) The EDD is required to offer language elements for presentation within a HMI and for
communication access.

i) The EDD is required to include object-oriented features.

k) TFWWWWWW
I) Additionally, the following assumptions are made:

1)| the integration of the EDD into the device development itself d;

2)| an EDD-file is required to represent a static description, i.e. t |of the

device, therefore only the external interface/behaviour gf'the d i desgribed
(no interest in internal code).

9.3 |[General requirements

If the ive the

requir cepts

conce

a) In bf the
El bpec):
th ¢ - vey of
ar i icati i€ Y of a.chosen hierarchy structure in the fluture,
th )3

b) In -EDD
sp each
SH
Cq odern
ohj

c) Tg 16 om to
in s (replace also the following services) at the same time,|there

subsets of services:
2)| optionakservices: fully specified, but not assumed to be implemented;
3)| vendor services: not specified, but implemented by choice of the vendor.

d) Inferface technique: likewise developed in the object-oriented world, the interface cqncept
allows the fogical representation of a group ol refated methods or fanctions.

NOTE For example, the CORBA or OLE for Process Control (OPC) specifications uses this technology.

e) The PRIAM model defines at a high level of abstraction the required (actuation or
measurement) channel to be implemented by using field devices completed, if necessary,
with additional software. According to the PRIAM recommendations, a lower level of
abstraction could be used to help the mapping on the FB model: at this level the device
data and functions could be grouped in so-called device functional units that should
represent typical hardware or software components. This would require describing the
field device in a functional decomposition model where also the data flows are visible.
Functional decomposing technique: this recommendation may lead to an object modelling
method to describe applications in general. The model, once designed, would require
supporting the complete life cycle of a distributed process control system. This overall
model is outside the scope of this Technical Specification.
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The overall concept is required to use some concepts of the object-oriented technologies.
Database concepts are required to be supported. Standardized description tools to avoid the
expense of developing a totally new computer language, existing formal standards and tools
have to be examined.

@C‘@
o
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Annex A
(informative)

Life cycle of the system

A.1 FB derivation and implementation

A.1.1 —Fhe-stepsto-the-FRD
A.1.1]1 Heading

A1.1/11 Control function

There| are different types of control functions:

a) measurement control functions delivering direct or indire surements;

b) cdntrol functions:
* | open loop control functions controlling on/off
« | closed loop control functions, single or ce

« | sequence control functions, coordinatif

A1.11.2

Graplical schematic and st on of the hierarchy of the control functipns of
a prdcess control application est™a is composed of the control fungctions

interapting with the tra ators. The upper layers are composed of dontrol
functipns coordinating r

From |[the CHD, ' Jefine the structure of the documentation of the FRDs by
allocating control fun 1S | 5

A110.

FRDs
the cd
behayi

folios. A folio is a detailed description of the requirements of
ated to the folio. A graphical FB language is used to describbe the
sction(s) as a network of EFBs and application FBs.

A1.111.4 FB (function block)

An EHRB (FFR) is a simple logico-mathematical operation usable in different types of process
control applications (chemical, petrochemical, energy, etc.). An EFB is independent of any
supplier programming language. A library of standardized EFBs is currently under
consideration .

An AB is a complex logico-mathematical application, which is defined and validated by, or for,
a company. An AB depends on the type of process control application (chemical, petro-
chemical, energy, etc.). An AB is independent of any supplier programming language.

NOTE It is necessary to specify the behaviour of an AB to fulfil interoperability. The specification should define
how to link FB, grouping in library, identification when used in resources, version control, etc.


https://iecnorm.com/api/?name=cc7f8ec000d645571b01c24b82c84aed

- 54 - TS 61804-1 O IEC:2003(E)

A1.1.15 Functional Requirement Diagram (FRD)

Detailed requirements of the control functions described, by process engineers, with a neutral
FB language composed of standardized EFBs and ABs built with standardized construction
rules.

A.1.1.1.6 Process Flow Diagram (PFD)

This is a schematic and graphical representation of a part of a process. On the PFD are
represented the main mechanical units, the piping between these units, the remote
transmitters and actuators. Process engineers define a partition of the Process Circuit
Diagram _into process elementary operation.

A111.7 Extended Piping and Instrumentation Diagram (P&ID)

On the conventional P&ID, only the control loops are represented; 0 xten ID all
the cqntrol functions are represented.

A1.111.8 Process elementary operation

A profess elementary operation is a part of a PFD representi on of
materjal and energy. The PFD is split into process elementa 1 main
transfprmations of material and energy to be controlled.

A.1.12 From the process down tc
A1.12.1 Overview

The ajm of this subclause i i at g . i Bs are
illustr S

The HRDs are the spe
be oblained through di

uictions to control a process. The FROs can
ing on the industrial area.

These i ) S ized\ in/the following life cycle. As FRDs totally depend on
the pr 7 ementary Operations which have to be controlled have

at firs . ¢ P&ID, the control functions of the Process Elementary
Operdti ave to be defined (network of elementary process operptions
to corn ; mentation of the control functions are structures as a [set of
folios e control functions are specified in detail as networks of FBs to

achie F wRhis life’cycle is summarized in Figure A.1.
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To measure Folio 1 : to measure the Folio 2 : to cool Folio 3 : to feed the Folio 4 : to control|
/" fouling-up. fouling-up the water pumps with water the pumps
To measure To cool To control) [ 10 protect To control
fouling-up the water the level the pumps+{ - the pumps
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Figure A.1 — Life cycle

A.1.1[2.2 Use of PFD

The HFD is a schematic re i . is di h only
procegs information necessar C i . On the
PFD any process eng i ing the

major(process elemen
On the PFD, thei

ymbol
standards. Unfortuna S | and
petroghemical inQustrie c g i . also
IEC glaphic symbo i . dards
are n¢gt homaogeneeo
A.1.112.2
As control funct , i of the

procegs tobe controlled have to be identified. Process equipment units support an elementary
operarion. An elementary operation will transform material and energy, for purposes such as

— to cool water;

— to make water circulate;

— to feed pumps with water.

Figure A.2 shows an example of PFD composed of two process elementary operations, to

cool water and to make water circulate. In this example, the process elementary operations
are presented with different colours.
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From [the PFD, any process engineer can see this p bntary
procegs operations. The second elementary process o two
suboperations, for example, to load the pumps 2 bf the
elemgntary process operation depend

From |this PFD, the process engineer wi ocess
elemgntary operations and the proces entary
operations.

A.1.1)2.3 Extended

To illystrate the rélation functions and the process, an extension [of the
so-cﬂled P&ID som i micdl and petrochemical industries is used. gn the
conventional P&ID remote actuators and controllers are ainly

repres
In adg e tra s and actuators, all the control functions on an extended| P&ID
is repf ess-engineérs distinguish different types of control functions:

elaboration of a measurement from one or several
transmitters;

— me¢g

controlling on/off actuators with respect to one or several
measurements and/or with respect to an order frgm an
operator or a sequence;

— closed-loop control functions:  controlling modulated actuators with respect to one or
several measurements and a set-point;

sequence control functions: controlling on/off actuators, sequencing open- and closed-
loop control functions and other sequences.

In addition to controllers, which are closed-loop control functions, the other types of control
functions, such as measuring control functions, open-loop control functions, sequence control
functions are also represented in the process control diagram.

On the extended P&ID, a control function should be represented as a graph between symbols
representing inputs, the control processing and outputs. The control processing is a separate
graphic symbol within the tag of the control function inside. The inputs of a control function
should be measurements and/or data from other control functions; they will be represented as
lines between the control processing symbol and the symbols of the remote transmitters
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and/or of the other control function symbols. The outputs of a control function should be
orders to actuators under control and/or data to other control functions, they will be
represented as links between the control processing symbol and the symbols of the remote
actuators and/or of the other control function symbols.

Figure A.3 is an example of an extended P&ID for the process described in Figure A.2.

To control
the level
To measure To cool V_H;Q‘—
_fouling=up _~ the water
-y \ Vv
N
TP
o+
| Tp control
& 1 the pumps
i Oxve
v2 R |
T3)
‘ P3
TO MAKE WATER CIRCULATE
Figure A. S L ions'e itly represented on the extended P&ID
On tHe extended PR3 hrcenirol function, the causal relationships between the
obseryations (fromr i and other control functions) and the commands (to actuators
and other control function '
To coptrolthe\first proces ementary operation "to cool the water", process engineers fefine
two cpnirol i . e first control function is a closed loop control function "t¢ cool
water{, con ing the temperature of the water from the remote transmitter T5 and actpating
the mpdulating“valves\V1, V2 and V3. The second control function is a measuring function "to
measyire the~fooling/up", calculating the fooling up of the exchangers from the remote
tempgrature transmitters T1, T2, T3, T4 and the remote flow transmitter F1. This meaguring
functipn.controls the operation of the current exchangers in the nominal range; in case of

trouble, a signal is sent to the operators.

To control the second elementary operation "to make water circulate", process engineers
define three control functions. The first control function is a closed-loop control function "to
control the level" of the tank, controlling the level of the tank from the remote level threshold
L1 and maintaining the level of the tank by controlling the valve V4. The second control
function is an open-loop control function "to protect the pumps" controlling the level of the
tank from the two remote level thresholds L2 and L3 and switching off the pumps P1, P2 and
P3 when the level of the tank is too low. The third control function is an open-loop control
function "to control the pumps" allowing the operation of two pumps among the P1, P2 and P3
pumps to make sure the water is circulating.
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The extended P&ID is a diagram usable both by process engineers and |I&C engineers and
facilitating the communication between these two trades. Once the control functions have
been identified and tagged, the framework of the documentation describing the control
functions should be organized.

A1.1.2.4 Control Hierarchy Diagram (CHD)
A1.1.241 Overview

The aim of the CHD is to structure the documentation of the control functions. The CHD is
first an extraction of the control functions from the extended P&ID, second the definition of the
requir ments—of-the—controt-functionrs—and-in palt;bu:dl of-the-ABsthird-the—strocturationof the

documentation of the FRDs.

A.1.1)2.4.2 Extraction of the CHD from the extended P&ID

The HD is dedicated to control, so data about the process is n data
is negded the PFD or the extended P&ID should be used. THe i by the
extragtion of the control functions from the extended P38 is an
extragtion of the control functions from the extended P&ID
To measure To cool protect To control
fooling-up the w

the pumps . the pumps

VR ‘ ‘

w T oo ®E
V4 P1 P2 P3

TO MAKE WATER CIRCULATE

In the he hierarchy of the control functions is flat, and there is

only 0 ~Fhis is due to the process, simple to control, and to the low

level , ol application. For a complex process or for a high level of

automati )| -functions above the first level of control functions can be seen.

A.1.1]2.4. 2 ents of the control functions and of the standardized ABs

The GHD/ isca hierarchical representation of the control functions, explicitly describing the
relatignships between the control functions and the process interface, the transmitters and the
actuators? On this CHD., process engineers will specify the requirements of the dontrol
functions and of the ABs.

The ABs are standardized blocks of a private application library. The aim of the re-use of
standardized blocks is to reduce the cost and to improve the quality of the control application.
For each control function, process engineers select and specify the requirements of the ABs
suited to the control functions and the process to control.

For example, for the control function "to measure the fouling-up"”, process engineers select
from a library of ABs those which are suited to the different types of transmitters T1, T2, T3,
T4 and F1 and set the requirements of each AB with respect to the type of transmitter and to
the process constraints. The requirements of the ABs are filled in for the other control function
"to cool water", "to control the level", "to protect the pumps" and "to control the pumps".
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Figure A.5 improves upon Figure A.4. On the CHD,

— 59—

in progress,

Application FBs can be seen for each control function.

the selection of the

Operator interface .
P Operatoyinterface
) Requirements
Requirement 9 of the> L1
f the
of | control To control
Appl!catlo function the pumps
Function Bloc
/‘\ )
AB | |AB_{AB | |AB | |AB AB | |AB AB AB AB {‘}é Qa AB AB
PNl R R R & |
T 2 1) T F DQ Ve w
v4 1 P2 P3
TO COOL THE WATER WATER CIRCULATE
Figure A.5 — Requirements for contra ABs
NOTE | The dotted line shows that requirements e operator interface is Herived
direct from the ABs.

Procejss engineers select and fill in the

actuation, switch over

as m
const
state
availapbil

basurement,
aints, for example
bnd status, respons

ity, safety and

ator command and actuator operation, int

¢ such

c guirements of application FBs are
me \nuumber of operator interface from

which
prface

The requirement t|on will be>also completed, for example, sampling time for
contrgl loops, glarm detection and protection operation| The
requirements for bo ntrol functions are functional: at this stage, it|is not
known in which |&C ol functions will be implemented but there is epough
information to eva I&C and to prepare the call for tender.
A1.1)2.4, the documentation of the FRDs
The gim of FiguxerA s to show the organization of the documentation of the FRDg. The
FRDs|are a set of folios on which the control functions will be specified in details with FBs.
Structuringthe"documeéntation of the FRDs means distributing the control functions into folios.
Foliot~tomeasure the Folio 2716 cool Folio 3 : to feed the Follo 210 control
fouling-up water pumps with water the pumps
To measure To cool To control To protect To control
fouling-up the water the level the pumps the pumps
AB AB AB AB AB AB AB AB AB AB AB AB AB AB AB AB
,i,‘ l ,L\ L L é —L L T T T T T T T
- Ve R S NS 7 2N
T 1@ @ T FU L ‘\VL v w L @ & & &
vi V2 V3 va P1 P2 P3
TO COOL THE WATER TO MAKE WATER CIRCULATE

Figure A.6 — Structured documentation for the requirements of the control functions



https://iecnorm.com/api/?name=cc7f8ec000d645571b01c24b82c84aed

- 60 - TS 61804-1 O IEC:2003(E)

One folio can support one or several control functions. Process engineers make this choice.
Figure A.6 is an example in which process engineers assign the control function "to measure
the fooling up" to folio 1, "to cool the water" to folio 2, "to control the level" and "to protect the
pumps" to folio 3, "to control the pumps" to folio 4. Once the requirements of the control
functions and of the ABs is completed and the control functions are distributed into the folios,
clear and explicit documentation of the requirements of the future control system is available.

A.1.1.2.5 Use of FRD
A.1.1.2.5.1 The folio: the key of the structure of the documentation of the FRD

The FRDs are the detailed requirements of the control functions. These detailed requirements
are d¢scribed as a network of EFBs and ABs in the folios. These folios have-been seledted in
the CHD.

For a|complete description of a folio in the FRDs, it is necessary to {ill\in tions of a
folio. Pn the left, the input signals are described; on the right, the si centre
of the|folio the signal processing is described in terms of a networ : e\bottom, the

title of the folio is described. The four sections of a folio are(su\

N

Outputs of Inputs of
fiinction blocks Input Network of tpu function blockp
Iqcated in other > signals function'block: signals located in othgr

folios folios

Tﬁr%of the folio

The input signa
used as inputs for $o

io are
The o 5 of a
folio &
A.1.1)2.5
In the 0 can
sSuppdg ample

for measuréments and actuations. To detail the requirements of the control function(s),
procer engineers go into the folios.

Going into a folio, process engineers have an empty folio except the ABs previously selected
in the CHD. To detail the requirements of the control function(s) located in a folio means to
build a network of EFBs and ABs. To network the ABs with EFBs process engineers will select
the inputs and the outputs of the ABs. Figure A.8 summarizes going into a folio and selecting
the inputs and outputs of ABs.
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From other ——Ij 0O lTo other

function __T o\ Egﬁ;fi_function

blocks blocks
= OFE

| ®

Folio 4 : to control

Fooling-up the pumps
AB AB AB
To measure pump 1 pump 2 pump J To control
fooling-up ; the pumps
To control the pumps

/ — 4
\/ J‘L \13/ T4) f v [\\,J/} [\\,(1 b4 ) @ @ @
Vi V2 V3 V4
TO COOL THE WATER TO MAKE WATER CIRCULA

A.1.1]2.5.

To cdg
enging

jocess

The ipput signals of the foIio have to i folios.
The 0 i he_signals used in other foliog. For

exam een the control function "to protgct the
pump is a protection signal to swifch off
the py K e’control function "to protect the pump"
is detpi i ontrol the pumps" is detailed in folio 4, this
link Wi ( 5 akon folio 3 and as an input signal on folio |4. On
folio 4, this si i De ¢ : ree ABs of the pumps.

For the descripti 3 i of\the control function(s), process engineers negtwork
EFBs|and ABs wit 3 itements and the aim of the control function(s).

Figurg olio completed for the control function "to control the pymps".
In this Q\iS & rez example, the behaviour of the control function is a dgtailed
netwaork A (thr&e pump actuation ABs and one switchover 2/3 AB).
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|t 9
e
Protect. ON [
Folio3 OFF
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»—|Pump2 Al - LOCK —
~romreon] [satpumsz] ON %‘»
S | $—|OFF
FPmpBON @7 @
SWITCH-
OVER 2/3 ﬂ;ﬁ \(
9
I [ R
ON TAT! i
o?
N
/\\ R
Wtr\\l\thexﬁumps
Figure A.9 — Folio for detailed require (@h ntrol function

A.1.1]2.5.4 FRDs as a set of folios

Process engineers will detail e [ distributed into the folios. For each folio
they fjll in the four section of e folio: ehaviour of each control function, thgy add

detail$ with a suited network of EFBs and 5-.Once the description of the folios is completed
the FRDs are reagj.

AN

Tt by | [
N EF pump 3

AB
EFB pump |

To control the pumps

‘ To feed the pumps with water

‘ To meaure the fouling-up

‘ To cool the water

Figure A.10 — Example of FRDs

In Figure A.10, the four folios of the FRDs describing the detailed requirements of the control
functions allocated to these folios on the previous CHD. The graphical representation of
control function "to control the pumps" has been simplified.
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Process engineers also define constraints attached to the EFBs and Abs, such as safety,
availability and time constraints, for example, FBs processing ordering, constraints of
implementation of the EFBs and Abs. Some EFBs and ABs have to be implemented together
into the same 1&C device; some other EFBs and ABs do not have to be implemented together
into the same 1&C device.

The FRDs should be considered as the specifications of the control functions to control the
process. The FRDs are not programming schemes. FRDs describe the control functions (a
networks of EFBs and ABs), the performances and the constraints (availability, safety) of the
future I1&C system in which the FRDs will be implemented.

Figur¢ A_TT 1lustraies the S independent o System implementation
Functional requirement diagrams <\ x>
el — et P e
7 i)
To measure the fouling-up o cool the water T food thepazmps with wate 5 To cont{ the pumpe

unctional requirements diagrams independent
I1&C system implementation

A.1.1])2. for a standardized FB language

A.1.1[2.6.

In thé¢ previous clauses, the FRDs of any control application have been establjshed.
Engingering companies need engineering FB language to describe FRDs, 1&C supplierq need
programming FB language to implement these FRDs into any type of I&C systems through.

The compatibility between engineering FB languages and programming FB languages is
needed as summarized in Figure A-12. This means that a standardized FB language is
needed as a kernel to define either engineering FB languages or programming FB languages.
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Standardized Function Block language ‘

on reggmes |

schemes
— P —— N
Engineering 1&C MJ
CAD tool CAD tool

Figure A.12 — The need for a standardized FB lang

The r¢quirements of this standardized FB language are that

« it $hould a kernel to build engineering FB languages and pr
< it $hould be built on standard foundations, in particular

— | it should be built on standardized EFBs,
— | it should be built on standardized construction ryles tos 9 hergy,

r own
ontrol

This dtandardized FB language shoul
engineering FB language allowing pre

applidations.
i gng :
ilities of’th

Describing the FRDs wit
withoyit taking into acco

does not mean describing thg FRD
&C devices available on the market. It

meang defining FRDsN h the
standard.

This means aIs@ \ 5 and
upgrafdable 1&C syste

To degscribe nming

langugge, the

A1.1[2.6.2 Requirements for EFBs usable into FRDs

An EFB is a repetitive logico-mathematical treatment, which is embedded into a block. An
EFB is a specific processing module restricted to the process control domain. An EFB cannot
be split!

A library of EFBs should be standardized. This library of EFBs should satisfy the needs of the
different types of industries (chemical, energy, food, etc.) (see Figure A.13). This should be a
standarized kernel library of EFBs common to the different types of industries and libraries
dedicated to the types of industries, for example, for chemicals, energy, food, etc.
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Energy
standard EFBs

Chemical
standard EFBs

Other
standard EFBs

Kemel

standard EFBs

Figure A.13 — Library of standardized EFBs

The rIxternal graphical representation will be used

sche

propo

As ER
normg
serieg

case
blocks
some
input

neces

es.

A.1.1[2.6.

An AR i

As for

Within

nming

juage

Bs will be implemented into digit internal description will incluge the
| behaviour of the blo 51131
does not standardize th of the blocks. For process contrgl and
specially for safety constrai in the
bf general failures of some
(such as' i acting
blocks (such, assi from a transmitter, 1&C input card failure imppacting
blocks or oyerflow impacting computation blocks, for example) is
sary.
2.6.3 ABs usable into FRDs
i of control depending of the type of process control application
EFBs, an"external and internal representation of ABs is necessary.
FRDs the external graphical representation of ABs are used only because the |FRDs
be Tmplementation Independent. The Internal behaviour of the ABS, for example, for

shoul

measurement and actuation ABs, totally depends on the type of technology supporting the
measurement and the actuation, so the internal behaviour of the ABs will be described within
the programming schemes with the programming FB language, once the technology
supporting the ABs is selected.

A.1.2

From FRDs to implementation

The aim of this subclause is to complete the requirements of the FBs for control applications.
Engineering companies need EFBs and ABs to specify FRDs with engineering FB language.
These EFBs and ABs should be implementable through programming schemes into any I&C
systems and devices compliant with this Technical Specification.
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Once the FRDs are defined and validated, I&C engineers have to design the programming
schemes from the FRDs and to implement the programming schemes into the I&C system and
devices as summarized in Figure A.14.

To control the pumps.

To feed the pumps with water

>
Programming L [
schemes W @ m |&C
A
\

To meaure the fouling-up

To cool the water

: AN
%\

Field
ices

FRDs|are I&C system indepen RDs are perennial specifications ¢f any
contrgl applications. i ¢ S € implementable into any scalabl¢ 1&C
systemms and devices [fO ications. xisting 1&C systems and devices, 1 also
impligls that for theumalintenan here ing of existing 1&C systems (partly or in total) the
FRDs|should be intoupgrades of new 1&C systems and devices.

A.1.21

A1.211.1

To mpve amming schemes, the internal behaviour of ABs shoyld be
designed:

An AB shouldbe~composed of different internal blocks delivered by different suppliers, [these

intern

be sp

bl blocks should be distributed and implemented into different I&C devices. An AB can

itinto different internal blocks.

An AB can have interfaces with the process (with transmitters and actuators) and human
machine interface. An AB can have no interface with the process or with HMI. Two examples
are given in the following subclauses.

A.1.2.

1.2 Detailed design of an actuation AB

Figure A.15 represents an actuation and the internal blocks of its actuation AB. This example
focuses on the control point of view. An actuation should be typically composed of different
devices delivered by different suppliers. For example, an intelligent actuator delivered by one
supplier, an intelligent Motor Control Centre (MCC) delivered by a supplier and a processing

block

implemented into a device of an I1&C system by a supplier.
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Figure A.15 — Design of an actuation and its AB from,6

This is typically the case for the different types o
different suppliers delivering actuation devices. |1&C

‘.
\
| o=
\
\
\
\ Control processing I&(_:
| function block supplier
m Hotor control Intelligen@ Suppliers of intelligent
M centre function block ——MCGC-supplier—
fun?:(t:it::tl:l:)ck Intelligent <—
>4 actuator supplief
ACTUATION

ces

Lation
Lation

devicgs in conformances with the requirements ¢ er the
actuation devices are, these device i berate
togeth i o inter-operate, the internal
blocks i ance with an IEC stapdard.
IEC 6 build internal blocks. To achigve a
consig are. i 2d into actuation devices; thgy are
conng i - ojpt*data connections or via busses and theyfinter-
opera
Figurg¢ A.16 sum RD, process engineers describe the requirements
and th neers
do no
opNcLO TTThe——— From
I-OCKJ;)nt. Room — 1&C
LOCK2| alve Disc—— Control processing supplier
Valve OPN— function block From
>< OPEN alve CLO—
— CLQOSH MCQ
Motor control <] supplier
centre function block
E E From
External — tuat
view ™~ Actuator l//ac ua,.or
Tunction BIock SOPPTCT
Selection of internal
s i blocks
AFB within FRDs Design of an AFB within programming schemes
A4
>

Figure A.16 — Designing internal behaviour of actuation AB
from actuation devices off the shelf
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For the design of each actuation AB, I&C engineers should select from suppliers, off the shelf,
actuation devices in conformance with the requirements and the performances specified by
process engineers. I&C engineers select actuation devices and the internal blocks of the
actuation AB.

Once the internal blocks are selected, I&C engineers have to verify that inputs and outputs of
the internal blocks are compatible, then I&C engineers link together the different internal
blocks and verify the inter-operation of these internal blocks is consistent with the required
actuation AB.

In some_cases. where existing internal blocks would not satisfy requirements. I&C engineers
shouldl add extension or create internal blocks, for example, into I&C devices-

As summarized in Figure A.17, I&C engineers have also to network the actuyati AB to|EFBs
and ABs of the control function. The inputs of the actuation AB i outputs of
upstrgam EFBs and ABs. The outputs of the actuation AB are going. to Qwnstream
EFBs|and ABs. The inputs of the actuation AB are connected f/internal blocks and

the oytputs of the actuation AB are connected to outputs of jnternal blogk

/N
/ LOC{K’1\£ O — Downstream
ontrol i EFBs
OPNCLO Upstrea ; - and
Cont. Rogm EFBs AFBs
s | [DCK 1 i an
| L DCK2 V/alve Disc.

lve OPN
= QPEN alve CLO

mmmmiCl OSE|

\ztor control

Cros s}entre function block

E Actuator

function block

Internal behaviour of the AFB

@esjgﬁ of the AFB: connection of the internal blocks

AFB within FRDs
to the inputs and outputs of the AFB

Fijgure A:17/~ Netwofrking of the internal blocks inside the AB and with upstream

nd downstream EFBs and ABs of the control function

In thig example, the actuation AB should be composed of three internal blocks. The dontrol
processing mtermat btock shouldbe embeddedmto an t&Cdevice, this bfock stoutd—support
the Human Machine Interface, different types of commands (auto, manual, command from
sequence), control data (state and status of the actuation for example) and orders to the
Motor Control Centre. The Motor Control Centre internal block should be embedded into the
Motor Control Centre, this block should support the priority of orders, control data (state and
status of the Motor Control Centre). The actuation internal block should be embedded into the
intelligent actuator, this block should support control data (state and the status of the
intelligent actuator).

This actuation AB has two types of interfaces, one interface with operators, one interface with
the actuator (see Figure A.18).
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The operator

— 069 —

interfaces should be explicitly summarized, within the FRDs and the

programming schemes, on the top of the graphic symbol of the actuation AB by tags (one tag
could summarize the type(s) of operator interface, another tag could summarize the type(s) of
command available from the operator interface).

For the interface with the actuator, currently there is no information on the graphic symbol of
the actuation AB to explicit the interface with the actuator. The actuator internal block should
be connected to the instrumentation (torque and position) of the actuator, this data connection
should not be explicit on the icon of the actuation AB within FRDs and programming schemes.

I + el 4.5 Fy
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the attached commands t
N ;T
—EGCKT <GnttolNoroc :\7:? gisc_
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AB wi
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Figure A.19 — OFF/ON value actuation AB using the IEC 61499-1 system model
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Figure A.20 is a representation of the internal blocks of the actuation AB using the model

reference of IEC 61499-1.
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Figure A.21 — Example of a safe switch over 2/3 AB
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Figure A.22 provides the representation of an actuation AB using the reference to the model

of IEC 61499-1.

Switchover 2/3 AFB

A.1.22 Implementation of a control function into I&C devices
A1.2)21 Overview

The grchitecture of an I&C system is currently a set of eg
layers:

— layer 2: the HMI;
— layer 1: the processing;

— layer 0: the power interface and the\field\de

Figure A.22 — Switchover 2/3 AB using the IEC 61499-1 s

ted into different

With the arrival on the market of intelli ¢ these I&C layers will evolve. The

emerging technology will facilitate t e i i urrent is
maintenance and management (te

Layer| 2 will support the\ cantrol, mai 3 and management

contrgl, maintena anagement proeessing. Layer 0 will
interfaces and fi i .

olated islands of control,

support intelligent power

The following subgela irol functions, as well as maintenance and management

are cqgnsidering as exten

A1.22.2 FRD-to complete design of a control function

As ar i dedicated to a single control function "to control the pumps" is
presepted. TheyFRD\is shown in Figure A.23. The control function "to control the pumps" is

described as*anetwork of EFBs and ABs.

The design of the ABs should be completed by I&C engineers whe

n the I&C architecturle and

the different types of devices are selected. Moving from the FRD to

the programming scheme,

I&C engineers design the ABs taking advantage of existing devices for the pump actuations
and of existing libraries within the I&C system for the 2/3 safe switchover, in conformance
with the requirements and with the architecture of the control system.

For the complete design of the control function, the four ABs have to be designed. The
internal blocks of the pump AB should have the blocks embedded into the different devices of
the pump actuations. The internal blocks of the 2/3 switch over AB should be within the library

of the I&C supplier. Figure A.23 shows an example of a compl
function.

ete design of the control
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AFB
AFB| — | AFB
2/3 @ P2

| AFB

@ P1 S1

To control the pumps

S2

3

AFDB 2/3

Hunctional requirement diagram Complete design of the ¢ | functio

For epch pump actuation AB, the three internal blogks s be“distributed into the|three
layerd of the I&C system, for example, layer 0 into into @ PLC and layer|2 into
a HMI, as summarized in Figure A.24.

N\

E N
NN
wRah

: . Implementation of
D f th | f
esign of the control function 2 pump AEB

Human
machine
interface

<

A.1.2.2.3 From the complete design to the distribution of the internal blocks of the
control function into I&C architecture

Once the design of the ABs is completed, the EFBs and the internal blocks of the ABs will be
distributed into the 1&C system architecture

The allocation of the blocks into 1&C devices is carried out by I&C engineers taking into
account safety, availability and performances constraints required in the FRDs.

In Figure A.16 it is considered that, for safety reasons of safety constraints, the switchover
2/3 AB should be distributed into three different PLCs and the pump actuation ABs should be
implemented into separate equipment, to avoid a common failure.
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For the pump 1 actuation AB, the internal block P10 (white) will be distributed in the layer 0
into the MCC1, the internal block P11 (blue) will distributed in the layer 1 into the PLC1, the
internal block P12 (pink) will be distributed in the layer 2 into the HMI.

For the pump 2 actuation AB, the internal block P20 (white) will be distributed in the layer 0
into the MCC2, the internal block P21 (yellow) will distributed in the layer 1 into the PLC2, the
internal block P22 (pink) will be distributed in the layer 2 into the HMI.

For the pump 3 actuation AB, the internal block P30 (white) will be distributed in the layer O
into the MCC3, the internal block P31(brown) will distributed in the layer 1 into the PLC3, the
internal block P32 (pink) will be distributed in the layer 2 into the HMI.

For tf]e switchover 2/3 AB, the internal block S1 (blue) will be distributed i ayer(yinto the
PLC1| the internal block S2 (yellow) will be distributed in the laye o_thenPLCR, the
internpl block S3 (brown) will be distributed in the layer 1 into the PLC

The BFBs will be distributed into layer 1, into a PLC (see Rigur I~E vill be
implemented in the same PLC as the upstream and downstreaim i Ral ¢ or exgmple,
the EFB between the S1 internal block of the switch over a 2 internal blpck of

the pymp 1 actuation AB will be implemented into the/PkQJ.\

7@i5: g(\ r@ Tﬁ%

_ Pa %ﬁ Hﬁh Tsd

e %N -

P > P2 Ird

V i \/2 N N

AFE 213 %&b P2—  [p3
'AFB\P

Design tWrol function Distribution of the control function intg devices

x A25 istribution the EFBs and ABs of the control function
o control the pumps" into the I&C architecture

During.the distribution of the EFBs and internal blocks of the ABs into the I&C devices, the

commurieation—reedsbetween—thet&C—devices—appear—eteary—At-this—stage—t&v—engineers
know exactly the types and the amount of data exchanged between the different I&C devices.
On this basis, I&C engineers should be able to validate the throughput available in the 1&C

devices, in accordance with the communication needs.

A1.2.2.4 From the distribution to the implementation of a control function into 1&C
devices

Once the I&C engineer has completed the distribution of the EFBs and of the internal blocks
of the ABs, the control function is distributed into the devices of the 1&C architecture. The
control function can be implemented into the equipment of the I&C system devices (see
Figure A.27).

For layer 2, there is dedicated equipment as HMI multiplexes the three internal blocks P12,
P22 and P32 of the three pump actuation ABs.
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For layer 1, PLC1 multiplexes the internal blocks P11 of the pump 1 actuation AB, the internal
block S1 of the switchover 2/3 AB and the EFB between these two blocks. PLC2 multiplexes
the internal blocks P21 of the pump 2 actuation AB, the internal block S2 of the switch over
2/3 AB and the EFB between these two blocks. PLC3 multiplexes the internal blocks P31 of
the pump 3 actuation AB, the internal block S3 of the switchover 2/3 AB and the EFB between
these two blocks.

For layer 0, the MCC1 is dedicated to the internal block P10 of the pump 1 actuation AB, the
MCC2 is dedicated to the internal block P20 of the pump 2 actuation AB and the MCC3 is
dedicated to the internal block P30 of the pump 3 actuation AB.

Human
® ® II\Ilacrrflin
erfac
N == (\

= >
1S3 _EF
o
sz F P2: LC3
’£
=5 e i
st EFBT P P2 I
Pt AFB P2 cc3
P3

AFB 2/3 Elo
B Pt
Implementation of the

Design and[Bﬁtrl tion Wc | funetion control function into the I§C

Using 499-1 series, the control system can be repregdented
(see F . ) ample of the implementation of the control functipn "to
contrg i system devices.

|
MMI PLC1 PLC2 PLC3 MCC1 MCC2 MCC3

Folio 4 of the FRD: Control function "to control the pumps"

Controlled process

Figure A.27 — Distribution of the control function "to control the pumps"
using the IEC 61499-1 model
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A.1.2.25 From the FRD to the implementation of a control application into I&C

devices

For each control function of the FRDs, I&C engineers should design the ABs. Internal blocks
of the ABs are selecting taking into account the capabilities off the shelf of available 1&C
devices in accordance with the requirements. For some ABs I&C engineers should define
internal blocks. Once the design of ABs is finished, the programming schemes implementable
into the I1&C devices are available, as summarized in Figure A.28.

el | [ T !g h
= = %Aﬁi
o= ) % &C
| oo ||| Lol | | pystem
L —l| . 15 A >
Functional Programming McCC
Fequirement schemes
fiagrams Field
Hevices
A.1.2,
The i r rdized
forma noted that IEC 61131 does not meet such requirements.
A futu Y propose construction rules and a language (syntax and
semantic).to describe.the internal behaviour of either EFBs or of the internal blocks of ABs.
With guch a_standardized language it should be possible to build ABs, to store these ABs into
privatg libraries, to use these ABs in applications, to distribute and to implement thesg¢ ABs
into different technological supports compliant with this standard. This standard should be
";'i t v e—rto—acee 3 Te—TOoT M3 T C—aPTToT1Ma ii';i'i TE Oglcal

supports, the processing and the communication supports.

This standard should take into account all the technical aspects of the distribution and
cooperation of distributed and synchronized internal blocks of ABs:

« aformal language allowing I1&C engineers to describe the normal and abnormal behaviour
of the EFBs and of the internal blocks (types of variables, statement, syntax, semantic,

formal proof, etc.);

e astandardized set of EFBs, including normal and abnormal operation;

¢ rules to build normal and abnormal operation of internal blocks;

e standardized behaviour of EFBs and internal blocks for abnormal operation of the device
supporting these blocks, for example:

— initialization, hot reset, cold reset;
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— inputs, output hardware failures, component failures;

— miscount, overflow, underflow, (special care for round off error and propagation of
round off);

rules to synchronize and to order EFBs and ABs within a device and distributed into
devices;

rules to manage internal data of EFBs and ABs;
rules to share data between EFBs, ABs and internal blocks of ABs;

rules to exchange data between EFBs and ABs within a device and distributed into
devices;

ice and distr{buted

rulles to synchronize and to order the internal blocks of ABs within a de
info devices;

rules to exchange data between internal blocks of ABs within a dev ibuted into
dgvices;

rules to exchange data with other EFBs and ABs.

&
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Annex B
(informative)

FB functional requirements: the user’s view

B.1 Overview

ModeHrg—a—system—is—an—extensive—task—A—single—medel-cannotecapture—al-the—infermation
needqd to describe a system. IEC 61499-1 specifies a generic standar distripbuted FB
applidations for Industrial Measurement and Control Systems (IP e~scope of
IEC 6[1499-1 includes the following models:

e application model;
e ddvice model;

* regource model;
 FB model;

* system model.

The detailed approach adopted by IE
to takp into account a system-user view

This
view
view along with some no

This Jiew is also proposed fo between the FB specification and thg user
expedtation (askjng ' defined by users is covered with th|s FB
specifiication?" \

This & s regarding this system-user view model as they were
considlered during Juire 3 cification.

B.2

B.2.1

The fpllowing definitions complement those given in IEC 61499-1 for the purpose qf this
annex.

B.2.2 List of specific terms
B.2.2.1 1AM (Intelligent Actuation and Measurement)

The sum of all the requirements for all the actuations and measurements needed for the CMM
system.

NOTE Intelligent here means provided with all the functionalities, as users need them.

B.2.2.2 Access right management function

This function provides the needed handshake between the different components of the IAM
and the users of IAM. As a consequence of the system requirements, for each IAM operating
mode some of the IAM functions are active and the others are inactive.
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The actual operating mode of IAM and its components are affected by a management function
of the automation system. This function is also responsible for a coordinated transfer from the
actual Operating Mode to another one.

All interactions between the agents and the IAM (or part of it) are conditioned by a
relationship to the operating modes in such a way as to enable the effect of only the
authorized interaction for those functions which can be active in each operating mode as
specified in the system requirements. Therefore, for each operating mode of IAM (or part of it)

— a set of IAM functions are activated, and

— only the specified interactions are completed; the other (non permitted) interactions have
ngeffect:

It is proposed that a matrix should be standardized, where rows should listt ential
operaIing modes and columns should list the potential interactions, ith 1A of it).
Wher¢ the authorizations of the i igning the

intersections of the corresponding rows and columns) on the basis © e regui each
user (for example, while parameterizing the system).

B.2.2]3 Agent

Whoe)er (for example, the operator) or whatever (fg 1, it is

charatteristic of each agent to interact with IAM alg le.

B.2.2)J4 Corrective maintenance

Maintenance carried out after a failure ha i i d state

in which it can perform its required functio

B.2.2J5 Functional validatio

* Fof measurement
THe F.VAL i and a
seft of other measd such
measurements i

¢ Fof actuation
THe F.VAL is~a\fungctio at verifies the coherence among the valve's state and the
measu the process upstream and downstream the valve), |which

ddfirfes the. s of the state of the valve.

B.2.2)6

The combination of all technical and corresponding administrative actions intended to [retain

an Ite'\n M ar ractara it ta o ctata in which it caon narfarm itc roanirad fiinotinn
-85ttt o—a—State1H-WrHert—eah—peHoH—Hst+equesa+HhRctHon-

NOTE 1 See "preventive maintenance" and "corrective maintenance" for a more detailed definition of
maintenance.

NOTE 2 The required function may be defined as a stated condition.

NOTE 3 Here maintenance focuses on IA/IM channels and all their parts.

B.2.2.7 Operational validation (O. VAL)

* For measurement

The O.VAL is a function that checks the coherence of a credible measurement against
other redundant (two or more) measurements coming from redundant transducers (or
redundant parts of a transducer).

NOTE 1 This is a bottom-up process.
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¢ For actuation

—79 —

The O.VAL is a function that verifies any state or variations of the actuator for consistency
with the commands sent by operator or reflex processing devices.

The O. VAL provides also for checking that the performance of the valve-positioning loop
does not deviate from the design range.

NOTE 2 This is a top-down process.

B.2.2.

8 Preventive maintenance

Maintenance performed in accordance with pre-defined criteria (knowledge base), in order to

reduc

e Sdheduled maintenance (time or activity directed): preventive

on

B.2.2

Prope
in Fig

NOTE

1 This is considered in IEC 61069-1 and

brmed

nance
bf the
based

hown

(N

AN
I

\

N

Q y
m{ﬁjcrtics/ |
\

D>

rlctional coverage

Expandability

- Credibility
- Security

- Integrity

Hunctionality /\Qrfmu nce P Dependabilit; Operability Safety |
- Flekibility \/ < Availability - Presentation - Personnel
< ", Maiptajnability - Procedures - Appropriate
Configurability it ) regulations
Programmability Y - Hierarchy
- Access

- Process

- Intrinsic safety
- Explosion-proof

- System

- Emitted radiation

Non-task-related

-Support

- User

- Vendor

- Documents
- Training

-Compatibility

- Software
- Upgrading
- Communicatio

- Life cycle

- Spare parts

- Physical

- Heat dissipatio:
- Power requiren

ents

- Quality assurance

Figure B.1 — System properties

NOTE 2 The properties of the IAM system are as defined for the whole automation system. Therefore, the
properties of the IAM system are dependent upon the properties of each individual part of each IAM channel and
the way in which these parts cooperate in performing the channel functions. Of course, the properties of the
channel may differ with respect to each of its functions.
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B.2.2.10 Technological validation (T. VAL)

¢ For measurement

— The T.VAL is a function that provides for a status checking of the electronics, the
power supply, and the variable of influence associated to the transmitter, verifying that
the related parameters are within the normal conditions.

— T.VAL assures that the measurement has been produced by a transmitter that is
working in detected conditions documented by the transmitter status report.

¢ For actuation

— The T. VAL is a function that provides for a continuous status checking of the
electronics, power supply and variables of influence associated to_each part pf the

actuator:

— processing capabilities;

— power interface;
— motor;
— valve.

— | The T. VAL assures that the actuator operates u
and in reporting its state by the dedicated inst

anditions in acthating

B.2.2]711 Validation

a) A/JIM-channel validation

V4dlidation is a function, which is pa macro functions (state f., stafus f.,
etg.). It aims at checking the behayiou : e quality of products (states:| data,
adtion, etc.) of each entire measureme anneland actuation channel, which ar¢ only

pdrtially implemented ers themselves.

An important exa four i e_production of the measurement (or actyation)
with a required ti iness, imeliness defines to which extent the measuremelnts of
different qu ies for actuations). are produced at the same instant in time (within a
sp ASUre (or actuation) is produced with a given sampling
L '

As annel, the validation produces the information named "stajtus of
th

Channel (devices)
Synthesized status

- Model
Technological Redundant
validation of measurements of

the same quantity
measurement Other

channel measurements of
other quantities

VL.t = validity Index after the technological validation
Vl.o = validity Index after operational (+technological ) validation
VI = validity Index

Figure B.2 — IA/IM channel validation
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With regard to the IA/IM channel products (actuation value, measurement value, etc.), the
validation determines the quality of these products, expressed by their VI (see
measurement uncertainty, VI).

The IA/IM channel validation can be seen as being partitioned into the three levels defined
in this dictionary and shown in Figure B.2:

e technological validation;
e operational validation;

« functional validation.

NOTE 1 Partitioning evolves (for example, the operation validation could be seen as a part of the
technological one).

NQTE 2 At implementation level, the validation function is distributed among the field“devices and the] rest of

thg channel.

b) Field device validation

Field device validation is a part of the complex function of IA/{M \channe 3 5 both
their behaviour and the quality of their products (data, acti C. QI ex j evice,
thé validation produces the information named "status o o iced, a v ard to
the field device products, each product is completed i 15 of the
pdrtial validation solved in the field devices.

B.3 |Functional view of process control ap

B.3.1| Overview

Techrjologies, such as digital field co icati or example fieldbus), intelligent field
devicg¢s (transducers, actuators, switc . ftware embedded in controllefs are

ti y, in fact, enable the manufacturers to
ich have traditionally been located| even
if only partially and less tunity
for th¢ market to provid \ more
explicjtly and c ¢ S CIf by\the >end-users and well understood in terms of
implementation.

transfer into the field dev

B.3.2
B.3.2

The flingtiona 18N Y i i i i ificati pfined
i 3 i end-

This gbstraction level differs from the FBs abstraction level, which is directly used by vgndors
and system integrators.

The correspondence between the “functional requirements” provided at a higher level of
abstraction, and defined in this Technical Specification, and the "FBs" provided at a lower
level of abstraction, and defined in IEC 61804-2, is not necessarily one-to-one. The
correspondence between the two levels of abstraction may be one-to-one, one-to-many or
many-to-one.

The functional requirements have to be seen as the target to be reached with distributed
applications.

It is mandatory that in the definition of each FB a clear relation to the addressed part of the
functional requirements described herein is stated.
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The distribution addressed during the requirements was at the level of the field
instrumentation because this is already (at least in part) a reality. The same logic approach is
applicable at the level of control blocks, which is expected to become a reality in a near
future.

Hereafter the user vision model, which was used as the basis for the description of the
functional requirements, is described.

B.3.3 Intelligent Actuation and Measurement (IAM) and Control Maintenance
Management (CMM)

B.3.34 Cuu\..cpt

Key cpncepts of the user vision model include the following.

— CMM concept, describing the integrated user needs related to ation,
maintenance for on-site trouble-shooting and technical manage

— |A] channel/IM channel concept, describing the integrated use [ each
adtuation or measurement as specified for the CMM i o annel

corresponds to whatever proper integration of field devi e complementary

By ddfinition, automation complements the hum izati chieve a defined| goal.
Hence, user requirements identification starts fro i e logical sum of supports
needqgd by all the human organizatio 9 ‘ e automation systenm. The
refergnce functional architecture for distributec omation systems shown in Figure B.3 is
the ulser vision model. The system | he proper cooperator of the Human
organjzations. The activity of the human o izati i ith|tasks

categoprized in seven class ights,
identification, configuratio 2 i ation,
diagngpstics) represent the sorresponding felnctional>support to be prowded by the systen.

This applies also hence

to all the IA cha

Once|described yhole, the necessary functional support represenfs the
target{ to be reac he functional contributions given by all the compgnents
used by the s e o.construct the channel.
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Human organizations in all the phases of the system life cycle

—
| Operators
Human
- | | | organization
Control Maintenance I Technical managementl tasks
Actuation and measurement
Access
Computers channels Channel functions *

Centralized functions * access rigl!ts * Identify
Y identification
* \A)uﬁgulc:

J< conliguration
Ny Fieldbus . .
Ar | Y parametrization .
Y test on demand % Parapetrize
Actuators and | Local functions S measure/actuation
transducers —_|_| Y diagnostic
* | Mechanical parts g ]

| Process

The r¢ference functional architecture was use list of

all the possible functional requirement i their

functipnal requirements as a selection ou

This Technical Specificatiofi\is intru S bthers

who dre “using” each device inté j le: the

manufacturers (tests oning

tests)| etc.

B.3.3)2 CMM @

The most significant y tional

requirements represent i by the

implemented

a) Control requiréments
THey are-extended by ihcluding the automated treatment of abnormal situations of the field
ingtrumentation. is automated treatment has to correspond to the treatment, which is
cuUrrently carried.out by the control operator on the basis of the result of the maintepance
operater’'s investigations. Benefits result, as an example, from the timeliness o¢f the
adtomated action. The use of the traditional automated system management approadgh and
exception treatment rules is extended in order to include the field parts of the system. In
general, one or more levels of degradation of the channel could be defined by the users
for each application according to the corresponding behaviour of the channel which
comply with the application needs.

b) Maintenance of the field instrumentation

This will be helped by the direct and immediate visibility of the actual status of each
replaceable part of each channel. For each replaceable part, predefined levels of
degradation are recognized and documented. Thus, preventive maintenance can be
organized as a condition-based maintenance. The maintenance interventions are only
planned when they are really necessary. Interventions are helped by provision of
additional information. Besides, information useful to speed up the repairing of the
replaced parts may be collected as defined and agreed in the maintenance contract
between the user and the repairer.
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c) Technical management

TS 61804-1 O IEC:2003(E)

This relates, in particular, to the evaluation of performance and reliability of specific items
of equipment. For example, comparison of the number of cycles achieved before failure of
two valves from different suppliers and performing an identical function in the same
operating environment. Collection of the history of the use and “health” (condition) of each
replaceable part of each channel is the basic requirement. This data is currently very
limited. As a result, it is difficult to do the detailed and valid statistical analysis required for
the management decisions and for the plant equipment modifications.

B.3.3.3 IA/IM channel

Each
archit

Figurg
user 1

granu

bcture.

channel has to provide the functional support shown by the reference fund

IAM requests

N

M: of opération
> (access bights)
!
s

1

—x
Documenhﬁ)‘ 1 Documentation
(m\odiﬁcatin retrieval

<&
2

mrodification

User co igura}iqn\ J>
‘“d““";‘%““ C Configuration I
\l Velhq; configi iﬁon | retrieval

Z

Intrusiveparametrization | .

| \g P Parametrization
on-intr/qsive parametrization | retrieval

Intrusive tests execution |
\L T Tests results Al
\ /rNon-intrusive tests execution | retrieval

retrieval

h 4

H
TIAM device STATUS TAM device current STATUS
production + records and STATUS record retrieval 4

tional

of the
vel of

+ properties support

Actions

Observations

h 4

&PRODUCTION PROCESS

_

Figure B.4 — User view of the major component functions of each 1AM function


https://iecnorm.com/api/?name=cc7f8ec000d645571b01c24b82c84aed

TS 61

804-1 O IEC:2003(E) -85 -

NOTE 1 M = MODE OF OPERATION MACRO-FUNCTION

To support coordinated management of the modes of operation of the IAM system and its parts under
control of the overall system management. Basically, this function manages a pre-defined access of each
agent to any IAM functions listed above. Users, as part of the user requirements, define this access.

| = IDENTIFICATION MACRO-FUNCTION
To support storage and retrieval of information describing the IAM system (data sheet).
C = CONFIGURATION MACRO-FUNCTION

To support establishment or modification or visibility of the IAM system functional configuration. To be

seen as System (or Channel or Device) Configuration.
P = PARAMETERIZATION MACRO-FUNCTION

T nnnnn =3 nh-\kl ﬂlr-\m n" — A <F n" HoR—OF uieihilih: £ th IAM cyvctam naramaaotaorization To b

Hpport visHHity—efthe—+HAM yster—parameterization—Fe-b
system (or channel or device) parameterlzatlon

T =TESTS ON DEMAND MACRO-FUNCTION
To support execution and reporting of results of either automated or semi-a
S = STATE MACRO-FUNCTION

To support execution with validation of a measurement or actuation 4
or actuation completed with a predefined VI.

NOTE This function is complemented with all the diagnosti
specified VI and associated quality criteria.

H = STATUS AND HISTORY OF STATUS MACRO-FUNEZ

en as

rement

ort the

To generate information documenting the IAM status a de n device) status. This flunction
is complemented with all the diagnostic and valid the visibility of IAM behayiour as
requested from each
NOTE 2 An action of interpretation of these macro-fi he IAM
deviceg and the definition of IAM user requireme dndatory to guarantee clear dégfinition
of the felationship between the users expectatior g functions and properties implemented in the
IAM depices.
The IAM functions are aggfegated-i unctions which can be seen b¢th as
"purpgse” (or user expec facturer’s interpretations).
In Figure B.5 an IM chan s a“black box with the explicit list of the information
exchgnged with called agents with only one word)
An IA channel e e 3 in a similar way, with the major replacemegnt of
"Meagurement + i
As already indicate al view of the entire channel is what has to be providefd with
a properin mber of components of the channel
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—p Measurement + VI for C
(MM)

™  Meas. channel synth status for C (M M)
> st replaceable part status for MM
— 2nd replaceable part status for MM

—» nth replaceable part status for MM

IM Channel <«4» Tests on demand for C MM
4> Access rights for C MM
<> Identification for
4> Configuration
[ Parameterization

Figure B.5 — IM channel/CMM interaction:
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PRURE 1
(Field-devices (Computers)
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@\ han
6'= Di\&ted platform using fieldbus: physical composition

The tg¢chnological composition of each IM channel necessary to perform each measurgment
as specified-for the.CMM applications is (see Figure B.6):

a) fi

gld\parts:

attachment to the process (tubing, etc.);

sensor(s);

transmitter(s);

network (for example fieldbus);
b) complementary parts:
— complementary processing to support the measurement;
— complementary processing to support maintenance;
— complementary processing to support technical management.

An IA channel has a similar composition, with obvious differences for the field parts, such as
valves, motors, etc.


https://iecnorm.com/api/?name=cc7f8ec000d645571b01c24b82c84aed

TS 61804-1 O IEC:2003(E) - 87 -

B.3.4 Channel and field-device functional units

As shown in Figure B.4, the field device contributes to construct the relevant channel.

In Figure B.5 the field-device functional unit reference model is shown, as regards a
transmitter. The actuator model has a similar composition, with obvious differences for the
field parts, such as valve, motor and actuator device.

Here the variety of data and functions in a transmitter and actuator is grouped in functional
units. These functional units represent specific hardware or software components at a
intermediate level of abstraction that is allocated between the higher level of the user vision

repregented-mHigture B3—anmdHigure B#—and-thetowertevetofabstractionof-theFBs—

The description of the functional requirements is the result of the annel
mode| on all this functional unit device reference model. This is p p the
mapp|ng of the functional requirements on the FBs specifications.

Of copirse, this field-device functional unit reference model to be~seen as\co ented
with {he corresponding model covering the computer f\ the. channel and thg field

communication. This latter model shows the comple fulctional units anfl the
coord|nation of the management of all the channel pa m level coordinption.

B.3.5| Field-device functional requirements li

The flnctional requirements reported™Nin B»3. 353 identified through the lpgical
appropch till here described. They conce > -

They jpre described by using a paragra onal unit, with the only excepfion of
the “Hevice manageme escription, if complemented with the
background given in this annex lent to clarify the concrete meaning pf the

user requirements.

The tachnologic@/o N ¢ device manufactures to transfer into thg field
devicg¢s more functi vin Ei o
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requirements, the necessary functional decomposition is thoroughly addressed. The foll
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Supporting Supporting
SwW HW

» Digital communication
2 7 components

« CPU

*  Memory
1 4 5 o Interfaces

*Fieldbus communication functions
8- Measurement transduction

ure B.7 - Intelligent transmitter reference model

bf the

owing

aspects are defined.

Identification management
Configuration management
Parameterization management
Measurement management
Time management

Timeliness control management
Failure management

Mode of operation management

Access rights management
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B.3.6 System level functional requirements list.

NOTE 1 Technological evolution will enable the device manufactures to transfermore functions into the field
devices. To help this evolution, see the following additional requirements.

NOTE 2 In some cases, there is the same description of a requirement for the device; of course, here it has to be
seen at the system level.

The following requirements are at the level of the IAM channel seen as a whole.

Each channel has to provide all the requested functions, however distributed in the several
parts composing the channel, and the coordination of a proper execution of the distributed
groups of functions (across digital communications).

All the requirements are included in two main categories:

a) cdntrol, as regards whatever interaction with the control part, wheh
- | in the factory, and

- | in the plant.

- | in the factory, and

- | in the plant.

B.3.7| System requirements for co

B.3.71 Introduction

As fa users’
requir ecte | aging
accesfs ri gotia with the PErsoN in charge of control), access to the state|of the

e status information. Requirements for system
channels are listed as well.

contrg
propefrti

Thesq rn the

end-u
A keyli to be
guara iption

of theli

B.3.7
B.3.7)2.1 General

Both macro-funciions are defined In terms Ol SOmMe more or less cComplex processing;
hereafter, major component functions are listed.

NOTE Both direct and indirect measurements require the same basic mechanisms.

B.3.7.2.2 Measurement validation
Up to three levels of validations could be required.
« 1st level validation: at device level use of diagnostic information to validate the raw

measurement information.

¢ 2nd level of validation: comparison of the synchronized information produced by redundant
transmitters, timeliness (temporal consistency of data), and measurement spread are
checked.
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« 3rd level of validation: comparison of validated measurements resulting from a previous
level validation with a measurement information resulting from a process model.

NOTE For each measurement the user has to specify what part of this complete model is requested and the
request has to be recorded in the channel configuration documentation.

B.3.7.2.3 Trend of validated measurements

Data file documenting a defined phenomenon (see 6.8.6).

B.3.7.2.4 Event notification (thresholds)

ion algonithm. It

An e\ient notification is asynchronously produced by a phenomenon dete
ot be)Igst. In

may be characterized by a defined timeliness requirement. Typically jt
other words, the correct reception has be acknowledged.

B.3.7]3 Measurement management
B.3.7{3.1 One-shot application triggering

The o¢ne-shot application triggering will be used to trig oh control jof an
applidation function that starts upon the reception of 2 stops. A mechpnism
is nepded which guarantees that, if the one-sh ¢ is available at the
consuming application within a pre-defined inte in eneration time is completed
with g positive timeliness information, if not it ha
information.

NOTE
B.3.7/3.2
This gervice can be use a b S) a

high-frequency pulse train¢ ) . This
pulse|train will be e to be
executed in diffe Cquire
redundant measure

B.3.7
At syq

produ
periog

ait’data originated by the different devices are complemented (in
eception) with a timeliness notation able to express the validity
mple is the reception of measurements or commands.

B.3.7)3.4 Distributed “absolute time” (year, month, day, hour, etc.)

This i$ composed of two parts:

« distribution of “Absolute time” reference data;
e synchronization of the device counters obtained with two mechanisms:
- use of distributed synchronized clock (see previous example on train pulses),

— synchronous setting of the absolute time value repeated at low frequency.

B.3.7.3.5 Distributed “relative time”

As the previous “absolute time” but a “relative time” is distributed (for example, the system
starts with a zero time).
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3.6 Distributed scheduling of an application

The system requirement is that the total time necessary to execute a distributed application is
respected by the chosen distribution policy.

It should be verified if some intermediate synchronization has to be respected, for example,
restarting the complete application.

B.3.7.

4 Dependability

B.3.7.4.1 Support for redundancy
The sppport for redundancy is requested at two levels:
« functional level, at the level of application;
e atfthe level of resource redundancy.
B.3.7)5 Support access rights management function
B.3.7J5.1 Mode of operation management functio
management)
This is a system management function aimed tp bveral
operating modes. In particular, it manag er procedures betwegn the
differgnt human or automatic operaté in the
field devices, in order to realize interve tions.
There hieve
the repult.
B.3.7/5.2 Access righ : ent ion_(qualification check on every access
to device i
In eag¢h operating’mode, them
certain pre-defined acttio
It is @ e o the
devicg¢ for configurati 3 eteérization and tests on demand purposes wheh the
meas i ons have to be active (such as in control operating modes).
B.3.8 e ements for maintenance and technical management
B.3.8
With |regard to requirements for distributed maintenance and technical management
appligations, some major users requirements are needed for IAM channels to be analysed.

These include checking and modifying application parameters, managing access rights,
reading the device identification, checking the functional configuration of the provided
solution, checking/modifying application parameters, checking the status of the devices and
supporting the tests on demand.

These requirements are covering all the device life cycle and therefore they partially regard
the end-user and partially the manufacturer, the system integrators, etc.

B.3.8.

2 Device identification

Device identification information needed to support maintenance actions is already described

in the

main part of thisTechnical Specification.
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B.3.8.3 Configuration

The maintenance operator or the commissioning operator has to modify or check the
functional configuration of the devices. They also need to be sure, in particular after the
replacement of a device, that the channel functional configuration is consistent. It is a system
level function aimed to check that all the functions implemented in the devices composing the
channel are properly configured. As an example, if a filtering function is required in the
channel, this function is implemented either in the field device or in the external device but not
in both or nowhere.

The required functionality is as follows:

« configuration modification:
- | user-related device/channel configuration modification;

- | manufacturer-related device/channel configuration modificatjon;

e configuration retrieval:
- | user-related device/channel configuration retrieval;

- | manufacturer-related device/channel configuration

B.3.8/4 Parameterization

This function regards checking/modifyi
maintgnance interventions.

ng or

After : - ystem
level |n such a way as to help the mainten i hould
be su g the
chann higher

ormal

e ngn-intrusive A ith the

e parameterization retrieval:

- device/channel parameterization retrieval.

B.3.8.5 To monitor device statuses

Each user, at system level, needs to have a view of the health of the devices according to his
needs.

The end-user will need to know which replaceable part he has to substitute; moreover, he
needs the information the manufacturer requires to repair the device more quickly and
properly (see “condition-based maintenance”).

The repairer will probably require more details to perform his intervention.
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The required functionality is as follows:

+ device/channel detailed status retrieval:

— device/channel detailed status information retrieval.

B.3.8.6 To support test on demand

This support, as needed for actuation and measurement remote or local tests (for example

calibration), is divided in the two following categories:

e intrusive tests: the execution of these tests interfere with the normal operation of the

dgvicerchannet,

* ndn-intrusive tests: the execution of these tests does not interfe
operation of the device/channel.

According to the requested tests, the necessary permissi
devicg¢/channel has to be put in the appropriate operating mod

The required functionality is as follows:

*« tegts execution:

— | intrusive device/channel tests execution;

mmunicatio ilure management (with or without redundancy);

L]
—

imeliness control support.

ormal

ng the

ystem

etc.);

B.3.10 FB functional requirements conformance testing

Some kind of conformance test has to be done to guarantee which part of the functional
requirements is covered by each FB specification and the extension of the coverage. This
testing is important because the results will later make easier both the conformance testing
between the functional requirements and the market solutions which will implement the

standard FBs.
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Annex C
(informative)

Relation between IEC 61804 series and IEC 61499-1

General

irement and Control Systems (IPMCS). The following models are in the_secg
1499-1:

source model;

Relations to t

General

1499-1. defi FB model of which the graphical representation is shown in Figur
sists~-of 'the cemponents FB head and FB body. The body carries the data flow
and-data outputs, algorithms, internal data, and, as an addition to IEC 61499-1, t
contained data, which are not involved in the data flow. but adjust the algorithmg

del is
s and
ed in

51804

bf the
1 and

e C.1.
(data
e so-

) and

the head of the event of flow (event inputs, event outputs and execution control).

These components characterize IEC 61804 FBs in general.
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Event inputs Event outputs
FB head ‘ Instance identifier ‘
Event flow Execution Event flow
— control —
(hidden)
FB body Type identifier
=y | Algorithms | ==
Data flow thiddon) Data flow
— = —
— Contained [|__
data
T Internal data T
(hidden) (\
Data inputs Data out

Resource capabilities

(scheduling, communication mapping, process-mapping)

An |IE tputs,
name ontrol
and a some

behaV butput

and o

Execution Event flow
&?Qé’e%') IJ: FB interface description

Tvoe identifier * Available in FB libraries

yp - * Used by design engineers
Alﬂprlthms ~ Dataflow ° Specified partly,

(hidden) | |__ — e.g. by IEC 61804,
Contained || __ FIP, PROFIBUS, FF

data

Internal data 1

(hidden)

Data inputs Data outputs

Resource capabilities

Figure C.2 — Type specific aspects of IEC 61499-1 FBs

Internal data, algorithm and execution control details are outwith the scope of the IEC 61804-2.
These aspects are implementation details and hidden from an external view to the FB (see
Figure C.3).
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Event inputs Event outputs

Instance identifier

Event flow Execition Event flow
- control — = FB implementation
(hidden)
. — * Aspects are not
Type identifier within the scope
=y | Algorithms | fe of the standardization
Data flow thidden) ata rlow
— Contained || __
data
T Internal data t
(hidden)
Data inputs Data outputs
Local resource capabilities
Figure C.3 — Imp cts
The ekecution order of FBs in a centralize i =rmined by the order of the AB call
in the ' m of one resource (see Figurgq C.4).
In th , the execution order of HBs is
deter}r L of the event connection betwegn the
exec ating system which is seen as a schefuling
functi part of the distributed operation system. In
other is build by the local operating system off each

resou

gcution control heads.

application ( like main program in centralized systems)

Application-specific Application-specific
connections connections

Distributed operating system

Device n-1 Device n Device n+1

Figure C.4 — Distributed application and distributed operating system
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To summarize the use of the IEC 61499 series, Table C.1 focuses on the standard aspects
coming from IEC 61499-1, the type-specific aspects and the application-specific aspects
which will be defined from the specific application design.

Table C.1 — Aspects overview of IEC 61499-1 FBs

IEC 61499-1 Type-specific aspects Application-specific aspects
aspects
Head Event flow Execution control Connections between events
(edges) )

Event inputs/outputs

Body Data flow Data inlhIIfQ/nllflhllfQ Connections hetween data (data

connections

Part of algorithms contained data ) /\

C.2.3| FB type specifications

The process FBs include

standardized data structures,

standardized semantic meaning,

common behaviour associated with standardi

 standardized definitions for basi event outputs, and dontrol
fupctions.

C.2.4| Characteristics of FB instances

For the process industry, ill be defined as the block tag. Tags are

unampiguous within th

C.2.5 Mappin

FBs ds used in the ¢ gy interpret the characteristics defined in IEC 61499-1

as followed (see

 THe events, ol together with the scheduling function of the local opegrating
sypte ifferent algorithms in the FB body for example init, exefution
ofth execution of the abnormal operation (see C.2.6).

¢ THe data the FBs is carried out by variable records composed of vgriable
value and\it S, i.e. there is a difference between the use of variables in the dath flow
or|by remote non<FB devices.
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Status

Input
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e Ar

A [contained variable i

le

m

e There is a s
within the othera

e TH

C.2.6

The FB €onsis
i.e. thp
linear|zation o

normg

| operation

’
7
1
1

/INIT — -5

" EXALG —— - --- '
EX_EXCEP ——|- '

el device, or calcula

y not contain

1g and other applications.
eonfigured, set by an operator,

mapped to corresponding contained

higher

another FB input or output and therefore
of a block, additional variable may be

block, which controls the information calcdlation

his algorithm is known as “modes of operation”.

ata inputs, data outputs and algorithms responsible for normal opefation,
ible.in‘the FRD (see Annex A). These algorithms are for example th¢ PID,
mathematical equation with all their associated variables and parameters. The
of/a FB is carried out under positive conditions of the proces$

and

autonjationdevices during stable operation (operating point). The initialization, the wgrm or
cold gtart“as well as more advanced operations like going in a safe position are addjtional

functions of the process confrol FBs. These operations are fixed paris of the FBs, which are
default linked to the associated events. These operations are known as abnormal operation or
exception handling.

The process engineer designs the normal operation in the FRD schemes, while the 1&C
engineer add the abnormal operation to come to a full FB configuration scheme (see Annex A).

FB algorithms are structured as shown in Figure C.6.
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FB function

- N

Normal operation AbnormT operation
With Without Init |Warm R\ Exec
back calcul. back calcul.
Cold R Idle

AFB¢E
and t

Durin commissioning, maintenance or critical progé ormal
operation are carried out. An example is shown in 499-1
(see Kigure C.7).

Init V.

p

Figure C.7 — IEC 61499-1 graphical representation of a process control FB (example)

Figure C.7 shows the normal and abnormal operation algorithms which are triggered by the
associated events. The combination of normal and abnormal operations is valid for AB and
EFBs. Of course, the degree of implementation of the abnormal operations depends on the
application area. Therefore, conformance classes should be defined.
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FBs should include standardized functional definitions for initialization and restart for each
block. Behaviour should be defined for the following operating circumstances:

* new device;

e cold restart (extended power failure);

e warm restart (short power failure);

* return from device fail-safe.

Figure C.8 gives the full structure of an EFB.

ldle 7
Cold_R

Warm_R

Init
Exec

||
[ 1

Status

igure C.8 — Full structure of an EFB (example)

C.2.7| Relationship between IEC 61499-1, IEC 61804 and other standardization actiyities

The purpose of a FB differs according to its application. The FB classification aims at
structuring them in a hierarchy. During the specification, there should be an inheritance of
defined functionality along one path of the tree. For classification, an object-oriented
approach should be used. The classification reflects several viewpoints, for example, the
existence of interfaces to the application periphery (to communication, process, operation
system or not), the manipulation of either the data or the event flow or both and the functional
purpose regarding the process. Each element of the hierarchy is an entity in terms of the
specification. The properties of the entities are specified by attributes. There is a specification
line from the IEC 61499-1 type specification without special variables and attributes, multi-
purpose FBs with a certain set of attributes to specific dedicated FBs with their specialized set
of variables and attributes (see Figure C.9).
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TYPE_ENTITY_61499

TypeName,_ 6148 Type definition based on IEC 61499
el — Generic FB model

is inherited by

TYPE_ENTITY_GENERIC_ATTRIBUTES
TypeName_61499 . .
TypelD 61499 (FK) Generic attributes common to

R0 opsicaal many application areas

Attr_D

Nihod_t based on IEC 61804 series
: Rules and minimum FB set

is inherited by

TYPES_WITH_DETAILED_ATTRIBUTES

TypeName_1499 (FK)
TypelD_1499 (FK)
Attr_x

Attr_y

Attr_z

C.3 |Mapping of IEC 6

C.3.1| General

The fgllowing s
specification. T
publigations.

Cc.3.2

In a feald
interfgcés
configuration._ ot

agents or data sonnections. The specification of the device model is an external view
. The device model describes details of the overall system archite

device implementatio
The device-model is an abstraction of the real device.

ping to
DUS

ement
f both

ell as
, by a
ement
to the
cture.

The basic components of a device performing FB applications are (see Figure C.5):

e FBs composed of data and event inputs and outputs, internal data, contained data and

algorithms should have the following general requirements:

- FB environment

FBs are embedded in an operating environment shown as FB environment. The FB
environment performs special process control functions which are a priori available
application portions without any programming design activities, for example trending.
These FB environment functions are used by external applications independent of, i.e.

parallel to, the FB application.
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AME

Many process control devices need adoption to the used hardware configuration from
the functional point of view. For instance, the available FBs in a modular device have
to be configured or the model version with or without an additional input for
measurement compensation. This causes to add or delete FBs. These functions will be
initiated by the so-called AME, i.e. addition functions in a device modifying their
application software. IEC 61804 series does not define the AME. This should be done
within the framework of the IEC 61158 series.

Communication
The data transfer between FBs, the interactions between FBs/FB environment and

H LINAL oL P ad_th at ' ot [l >} ranoaant/ AN
IIIGIIILUIIGIIUU, LILEAAR] III\JIIIL\JIIIIy Glllu aTre IIILUIO\JLIUII UULVVUUII LI =4 UIIVIIUIIIIIUIILII_\IVI_ and
configuration functions have to be supported by the communlatl seryices and
protocols. The specification of the FBs and the FB environment s mdep dent of the

commumcatlon system and
d the
o the
underlying communications protocols and services. 5 ice$ and
protocols used with the FB application proces S twork
management application process should be S \ with
distributed application processes and should provi those
applications
There should be three differeniAtyp
e Time-critical communications
Communications services a ocess
should support the unique r ding

nd protocols used with the FB application process
requirements of time-available communications,
enfed transfers of large data blocks. Communications servicgs and
ith the FB application process should also support the ynique

ions services and protocols used with the FB application process
should support the unique requirements for communicating events, and in particular
be designed to

=—TmTimimize foading durimg quiescent periods;
— prevent overloading during high-activity periods.
- Resources

A resource is considered to be a logical subdivision within the software (and possibly
hardware) structure of a device. Resources have independent control of their
operation. The definition of a resource may be modified without affecting other
resources within a device. A resource accepts and processes data and/or events from
the process and/or communication interfaces and returns data and/or events to the
process and/or communication interfaces, as specified by the applications utilizing the
resource. An interoperable network view of applications is provided through device
resources. Each resource specifies the network visible aspects of one or more local
applications (or parts of distributed applications).
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