IEC 60770-3:2014-05(en-fr)

Full docu

IEC 60770-3

Edition 2.0 2014-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

RO

N
Qcess control systéms —
% inteligent transmitters

mmande des processus

Transmitters for use in industrial-
Part 3: Methods for performance ¢

Transmetteurs utilisésd
industriels —

Partie 3: Méthode s\performances des transmetteurs intelligents


http://www.avadocuments.com/doc/iec-60770-3-2014
http://www.avadocuments.com/doc/iec-60770-3-2014

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2014 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez
les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

International Standards for all electrical, electronic and related technologie

About IEC publications

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting
bibliographical information on IEC International
Technical Specifications, Technical

and withdrawn publications.

IEC Just Published : iec.chlj
Stay up to date on all™ew IEC \ublicatiens.

details all new publicatio

languages. Also known as the International

ical Vocabulary (IEV) online.

More than 55 000 electrotechnical terminology entries in
English and French extracted from the Terms and Definitions

ave been collected from earlier publications of IEC TC 37,
77, 86 and CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.

Le contenu technique.des pyblications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la

plus récente, un corrige

Catalogue IEC - webstore.iec.ch/catalogue

Application autonome pour consulter tous les renseignements
bibliographiques sur les Normes internationales,
Spécifications techniques, Rapports techniques et autres
documents de I'lEC. Disponible pour PC, Mac OS, tablettes
Android et iPad.

Recherche de publications IEC - www.iec.ch/searchpub

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

ou amendement peut avoir été publié.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient plus de 30 000 termes et définitions en
anglais et en francais, ainsi que les termes équivalents dans
14 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

Plus de 55 000 entrées terminologiques électrotechniques, en
anglais et en francais, extraites des articles Termes et
Définitions des publications IEC parues depuis 2002. Plus
certaines entrées antérieures extraites des publications des
CE 37,77, 86 et CISPR de I'EC.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
csc@iec.ch.

Documents

Document Sharing Hub

Full document details: IEC 60770-3 2014


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://std.iec.ch/glossary
http://www.avadocuments.com/doc/iec-60770-3-2014
http://www.avadocuments.com/doc/iec-60770-3-2014

IEC 60770-3

Edition 2.0 2014-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

industriels —
Partie 3: Méthode ormances des transmetteurs intelligents

9,

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE XA
CODE PRIX

ICS 25.040.40 ISBN 978-2-8322-1629-3

Warning! Make sure that you obtained this publication from an authorized distributor.

Attention! Veuillez vous assurer que vous avez obtenu cette publication via un dismbuteur agréé.
poctments

Document Sharing Hub

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale

Full document details: IEC 60770-3 2014


http://www.avadocuments.com/doc/iec-60770-3-2014
http://www.avadocuments.com/doc/iec-60770-3-2014

-2- IEC 60770-3:2014 © IEC 2014

CONTENTS

O T L I S 5
INTRODUGCTION ..ottt et e e e e e e e e e e e et e et s e e e e ea e e et e e an e e et e e et e enaeeneeen 7
1 S oo o1 PN 8
2 NOIrMaAatiVe FEfEIENCES ... e e 8
3 Terms and definitiONS ... 9
4 DeSIgN @SSESSMENT. .. e it 10
4.1 LT a1 - | PP 10
4.2 Transmitter analysis ........ooviiiiiii B O 11
4.2.1 General ..o < N N 11
4.2.2 Data processing subsystem...............coce . K\ 0 O VTR N 12

4.2.3 Sensor subsystem.......occooiiiiiin NG N e

4.2.4 Human interface ............coooiiiiici e e

4.2.5 Communication interface............. Qo O\ NN oo N reeeneenenneeneennas
4.2.6 Electrical output subsystem

4.2.7 Power supply UNit.. ..o e e e N e e e ee e ee e ene e eteeeneenes
4.2.8 External functionality....

4.2.9 Cycle times (

4.3 Aspects to be reviewed
4.3.1 General ........ 0 0NGD
4.3.2
4.3.3
4.3.4

5.2.2 Example of a single variable transmitter...............coooeiiiiiiiiinnn, 24
5.2.3 Example of a derived variable transmitter....................coooiiinL 24
5.3 Measurement consSiderations ...... ..o 25
5.3.1 GENETA e 25
5.3.2 Single variables ..o 25
5.3.3 Derived variable ... 26
5.4 TSt fACHI IS e 26
5.4.1 GENETA et 26
5.4.2 Signal geNerator .. ...oiee i 27
5.4.3 OUtPUL 10aA/TECEIVET . ..eee e 27
544 Control and data acquisition ............ccooiiiiiiii 28
5.5 Transmitter under test (testing precautions)...........ccooiiiiiiiiiiiii i, 28
5.6 Reference conditions for performance tests..........ccccoooiiiiiiiii i 28
5.7 Test procedures for tests under reference conditions...............0.. ... Docu%ents

Document Sharing Hub

Full document details: IEC 60770-3 2014


http://www.avadocuments.com/doc/iec-60770-3-2014
http://www.avadocuments.com/doc/iec-60770-3-2014

IEC 60770-3:2014 © IEC 2014 -3-

5.8 Test procedures for determination of the effects of influence quantities............. 32
5.8.1 GENEIAL .., 32
5.8.2 Process domain ... ..o 34
5.8.3 ULty dOmMa@ain ..o 39
5.8.4 Environmental domain.............ooiiiiii 41
5.8.5 TimMe dOMaiN ... 43
B  Other CoNSIAEratioNS . ..o 43
6.1 S A Y it
6.2 Degree of protection provided by enclosures
6.3 ElectromagnetiC €mMiSSiON .. ..o
6.4 Variants ..o
7 Evaluation report.......cooiiii

Annex A (informative) Dependability testing

A.1 General.....cooooiii i OGN N D
A.2 Design analySiS ....c.vviiiiiiiiiie e e e e S e e
A.3 Reference conditions..........oooiviiiiiiii K DN e e e e e\ r e e reeneeneenees
A.4
A.5 Observations
A.5.1
A.5.2
A.6 Human faults
A.6.1 Mis-operation e
A.6.2 Maintenance e
A.6.3 pectatio LT NP 51
Annex B (informative)

B.1
B.2

B.3

CA1 General

C.2 General qualitative ChECKS ..o 56
C.3 Time-dependent function bIOCKS ........cooiiiiiii e, 56
C4 Time-independent function bIOCKS ..........cooiiiiii i, 56
L1 0] [ oo | =1 ] 2 7278 PP 57
Figure 1 — Intelligent transmitter model...... ... 12
Figure 2 — BasiC 1St Set-UpP ... 27
Figure 3 — Examples of step responses of electrical outputs of transmitters ........................... 31
Figure A.1 — Example schematic of a transmitter ..., 46
Figure A.2 — Test tool for low impedance circuits and shared circuits................c.coeieeinennnnn. 47
Documents

Document Sharing Hub

Full document details: IEC 60770-3 2014


http://www.avadocuments.com/doc/iec-60770-3-2014
http://www.avadocuments.com/doc/iec-60770-3-2014

-4 - IEC 60770-3:2014 © IEC 2014

Figure A.3 — Matrix for reporting fault behaviour ..., 49
Figure A.4 — Ranking of various types of failure modes.............ccooiiiiiiii i, 50
Figure B.1 — Transmitter in stand-alone configuration ... 52
Figure B.2 — Transmitter as a participant in a fieldbus installation ......................ccooon. 53
Table 1 — Checklist for mapping functionality ..............cooiii i, 15
Table 2 — Checklist for mapping configurability ..o, 16
Table 3 — Checklist for mapping hardware-configuration...............coooiiiiiii i, 17
Table 4 — Checklist for mapping adjustment and tuning procedures ..............coooiiiiiiiiinin. 18

Table 5 — Checklist for mapping operability.............ccooiiiiiiiii
Table 6 — Checklist for mapping dependability ...,
Table 7 — Checklist for mapping manufacturer’s support
Table 8 — Reporting format for design review............coooii 0 NG\ LD

Table 9 — Checklist on available documentation.................. /N N\ eaee e e N\ e e,
Table 10 — Listing of functions of a single variable transmi

Table 14 — Methods for testing immunit
ol o) oX=T g LT I= Tg Lo I == £ = S N N NP

Documents

Document Sharing Hub

Full document details: IEC 60770-3 2014


http://www.avadocuments.com/doc/iec-60770-3-2014
http://www.avadocuments.com/doc/iec-60770-3-2014

IEC 60770-3:2014 © IEC 2014 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

TRANSMITTERS FOR USE IN INDUSTRIAL-PROCESS
CONTROL SYSTEMS -

Part 3: Methods for performance evaluation
of intelligent transmitters

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide organization fr st i 3N comprising
all national electrotechnical committees (IEC National Committees). The At i promote
international co-operation on all questions concerning standardization in the e g electronic fields. To
this end and in addition to other activities, IEC publishes International Sta chni Spedifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; atjonal Comm ttee interested
in the subject dealt with may participate in this preparatory wgrk i , goyernmental and non-
governmental organizations liaising with the IEC also participate in IEC)collaborates closely

2) The formal decisions or agreements of IEC on technical matt Q S as possible, an international
consensus of opinion on the relevant subj i S i ittee has representation from all

transparently to the maX| ational and regional publications. Any divergence
between any IEC Publicati 8 corresp' national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does net\pro 'de any atte ion of\confgrmity. Independent certification bodies provide conformity
assessment sern, § e ssAto IEC marks of conformity. IEC is not responsible for any
services carried ol By mdependentcertifi 9 i

6) All users should ensyre eNlatest edition of this publication.
7) No liability shall a tac to diregtors, employees, servants or agents including individual experts and
members of j es and |IEC National Committees for any personal injury, property damage or

other damage of oever, whether direct or indirect, or for costs (including legal fees) and
expenses 3 e pubHcation, use of, or reliance upon, this IEC Publication or any other IEC

indispensable™qr the cyrrect application of this publication.
9) Attention is drawn te_the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The International Standard IEC 60770-3 has been prepared by subcommitiee 65B:
Measurement and control devices, of IEC technical committee 65: Industrial-process
measurement, control and automation.

This second edition cancels and replaces the first edition published in 2006. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Introduction.

b) Terms and definitions: all definitions already present in IEC 60050 and in IEC 61298 have
been deleted.

c) All parts: added concept of wireless transmitters. Documents
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The text of this standard is based on the following documents:

FDIS Report on voting
65B/917/FDIS 65B/930/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

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

A list of all parts in the IEC 60770, published under the general title Transmitters for use in
industrial-process control systems, can be found on the IEC website.

The committee has decided that the contents of this publication will ¢

the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,

* replaced by a revised edition, or
*+ amended. & 6

IMPORTANT - The 'colour inside' logo on t over _page of this publication indicates
that it contains colours which are consi d te be usgful for the correct understanding
of its contents. Users shotid th ore phnt this ment using a colour printer.

N
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INTRODUCTION

New transmitters for use in industrial process control systems are now equipped with micro-
processors which utilise digital data processing and communication methods, auxiliary sensors
and artificial intelligence. This makes them more complex than conventional analogue
transmitters and gives them considerable added value.

An intelligent transmitter is an instrument that uses digital data processing and communication
methods for performing its functions and for safeguarding and communicating data and
information on its operation. It may be equipped with additional sensors and functionality which
support the main function of the intelligent transmitter. The variety of added functionality can
for instance enhance accuracy and rangeability, self-test capabilities, and alarm and condition
monitoring. Therefore accuracy-related performance testing, although till a~major tool for
features with

should be taken of the manufacturer's specifications
programme is being decided, and the manufacturer sho

many cases, also have the capacity to be\ . \ 3 communlcat|on (bus) systems
where they have to co- operate wit i evices. In this case, dependability,

depends largely on the inte 8
architecture and size of nexes A, B and C give a non-mandatory
methodology and framew valuation procedures for dependability and
throughput testing and o ' ing\in a specific case.

When a full evalu
those tests which z

The strusture Q{ of IEC 60770 largely follows the framework of IEC 62098. For
performance~iesting)\ the” IEC 61298 series should also be consulted. A number of tests
described there™are still valid for intelligent transmitters. Further reading of the IEC 61069
series is recommended, as some notions in this part of IEC 60770 are based on concepts
brought forward therein.
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TRANSMITTERS FOR USE IN INDUSTRIAL-PROCESS
CONTROL SYSTEMS -

Part 3: Methods for performance evaluation
of intelligent transmitters

1 Scope

This part of IEC 60770 specifies the following methods.

¢« Methods for
— assessment of the functionality of intelligent transmitters;

— testing the operational behaviour, as well as the static apd
intelligent transmitter.

« Methodologies for

— determining the reliability and diagnostic features ctions;

— determining the communication capabiliti transmitters in a

communication network.

more physical, chemical or electrical que
network (as specified in the IEC 61158
specified in the IEC 60381 series).

under various environmental and operational conditions;

methods for reporting the data obtained.
2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

IEC 60050 (all parts), |International Electrotechnical Vocabulary (available at
http://www.electropedia.org)

IEC 60381 (all parts), Analogue signals for process control systems

IEC 60529, Degree of protection provided by enclosures (IP Code) Documents
Document Sharing Hub
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IEC 60721-3 (all parts), Classification of environmental conditions — Part 3: Classification of
groups of environmental parameters and their severities

IEC 61010-1, Safety requirements for electrical equipment for measurement, control, and
laboratory use — Part 1: General requirements

IEC 61032, Protection of persons and equipment by enclosures — Probes for verification
IEC 61158 (all parts), Industrial communication networks — Fieldbus specifications

IEC 61298 (all parts), Process measurement and control devices — General methods and
procedures for evaluating performance

IEC 61298-1:2008, Process measurement and control devices

IEC 61298-4, Process measurement
for evaluating performance — Part 4: E

requirements

IEC 61326-1, Electric
requirements — Part 1:

IEC 61499 (all p@

3 cier and medical equipment — Radio-frequency disturbance

Y

. . .
characteristies - DYyits and methods of measurement

3 Terms and-definitions

For the purposes of this document, the terms and definitions given in IEC 60050-300, in the
IEC 61298 series and the following apply.

3.1

intelligent transmitter

transmitter provided with means for bi-directional communication with external systems and
human operators for sending measurement and status information and receiving and
processing external commands

3.2
single variable transmitter
transmitter that measures one single physical quantity

Documents
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3.3
multivariable transmitter
transmitter that measures two or more identical or different physical quantities

3.4

adjustment

set of operations carried out on a measuring instrument in order that it provides given
indications corresponding to given values of the measurand

Note 1 to entry: When the instrument is made to give a null indication corresponding to a null value of the
measurand, the set of operations is called zero adjustment.

Note 2 to entry: Many manufacturers use the term calibration for adjustment of zerg
conformity.

pan and linearity or

3.5

tuning
process of adjusting the various instrument parameters, i k able and
optimal measurement

Note 1 to entry: This can range from "trial and error" to an automatis procedure provided by the
manufacturer.

3.6
configuring
process of implementing the function

3.7

configurability
extent to which an intelli
applications

3.8

set-up @

process of config g

3.9

operating maode

selected method o ion a transmitter

4.1 General

The design review is meant to identify and make explicit, in a structured way, the functionality
and capabilities of the intelligent transmitter under consideration. As stated in the introduction,
intelligent transmitters appear in a great variety of designs. A design review is the necessary
tool for showing the details of:

— the physical structure,

— the functional structure.

Subclause 4.2 guides the evaluator through the process of describing the physical structure of
intelligent transmitters by identifying the hardware modules and the inputs and outputs to the
operational and environmental domains. Thereafter, the functional structure can be described,
using the checklist of 4.3. The checklist gives a framework of the relevant issues, which need

to be addressed by the evaluator, mainly through adequate qualitative and quantitative
experiments.
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4.2 Transmitter analysis

4.21 General

Two different types of transmitters can be identified:

e Single variable transmitter. The measured value (output) represents one single physical
quantity measured by one type of sensor.

e Multivariable transmitter. This type of transmitters appears in two versions:

— An instrument providing a variety of measured values (outputs), each of which is related
to a measurement of one distinct input quantity with a specific sensor.

— An instrument providing derived measured values resulting from the~measurement of

more than one quantity through more than one type of sensor and

« Sensors (process d

board (human domain) to data processing

e« Operator c :
above-mentioned data flows to external systems

subsystem, c

dal remote data processing systems) to the instrument’s
consequently affecting the above-mentioned data flows to
tputs) and local operator displays (human domain).
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| Utility domain
Supply voltagel To external system I @
| External system domain
Power supply Communication
unit interface
v Analog
; output (mA
Main sensor(s) Data @/ Electrical - o
Sensor < »| processing < - output Digital o
Auxiliary sensors subsystem subsystem subsys)em\ communication
—
Binary
utput (relay)
| Process domain | v
Human
interface

ITo human Ope

0

er model

Human donfain | IEC 1827/14

Key

ct cycle time

For an intelligent trans
external systems and

Figure 1 -1 telﬂ%
/ . y

4.2.2 Data p

The data processing

the electrical output subsystem. Many transmitters
of one (main) sensor, but derived measured values such as

additional functions that can vary considerably from make to make. Amongst the additional
functions that maybefesident in a transmitter are:

— configuration;

— adjustment and tuning;

— self-testing, diagnostics, condition monitoring;

— external process control function;

— trending and data storage.

Part of the functionality may be located in external devices that are temporarily or continuously
connected to the communication interface (e.g. configuring, trending).

4.2.3 Sensor subsystem

The sensor subsystem converts the physical or chemical quantity(ies) to be measured into
electrical signals that are conditioned and digitised for use by the data processing unit. The
subsystem may also be equipped with electrical circuits for sensing binary signals (ﬁoeﬂments
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measurement range on an external command), or auxiliary sensors of a different type (e.g.
auxiliary for compensation or internal diagnostics and condition monitoring purposes).

The sensor and sensor subsystem may be integrated with the other modules in one enclosure.
The sensor can also be located remotely (e.g. densitometer, thermocouple transmitter). Certain
transmitters (e.g. thermocouple and resistance thermometer detector (RTD)) utilise
standardised (third party) sensors that provide an electric signal. In such a case, it may be
agreed to perform the evaluation with an acceptable simulator instead of the application of the
actual quantity.

Depending on the measurement principle used, the sensor may not require auxiliary (external)
power (e.g. thermocouples) or it may require auxiliary power (e.g. strain gauges) or a

sensor may also be subjected to more severe environmerntal conditi
subsystems. Moreover, it shall also be considered whethepy/itNs Weogssary to apply combined

As part of the design review, a list of the types
measuring ranges shall be compiled.

4.2.4 Human interface

strument for reading out data (local
display) and provisions foy/enteri ' atd (local pushbuttons). Instruments may

A list of the mea@n P ; own on the display and the refresh rates, as well
as the status dataNHatc i
shall be tabulated \w djtion nmary of the functions and facilities for access and data

4.2.5
Transmitter i e is\ supported by the communication interface, which connects the
instrument | sygtems. Through the interface (wired or wireless), measurement and

control data are™ransferred and access is also provided to the instrument's configuration data.
In the case of hybrid/{SMART) instruments, the digital signal is superimposed on an analogue
current signal and it is made available at the electrical output subsystem. There may be
instruments which do not have a communication interface. Then configuration and read-out of
data may take place via the human interface

A list of the measurement data that can be transferred to a host and the refresh rates should
be compiled. A summary of the status data that can either automatically or on request be
transferred to the host shall also be listed. The functions and facilities for access and data
presentation shall also be indicated.

4.2.6 Electrical output subsystem

Instruments suitable for connection to a fieldbus (or wireless) need not necessarily be provided
with an electrical output subsystem.

The electrical output subsystem primarily converts digital information provided by the data
processing subsystem into one or more analogue electrical signals. It may also bp)@gipHadents
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with one or more binary (digital) electrical outputs. For these purposes, the instrument may
require an additional power supply source.

A list of the measured variables assignable to each electrical output shall be tabulated. The
analogue signal types and ranges (e.g. 4 mA to 20 mA or 1 V d.c.to 5 V d.c., etc.) shall also be
included. A summary of the status data that can be made available at the binary (digital) output
terminals shall be compiled.

4.2.7 Power supply unit

Many instruments still require a separate connection to an a.c. or d.c. mains supply. However
more instruments are nowadays, "loop powered" which means that they receive power through
the signal transmission line or electrical signal output line. While in wire application it is
necessary to specify the specific power source (e.g. battery).

4.2.8 External functionality

Through the data communication interface and the fieldbus, thé\i 1 micates with
the host equipment (personal computer (PC) or link server, €1 )

may be suitable for remote allocation:

— (Remote) configuration tool.
— Data storage (configuration, trend,
— Parts of the adjustment and tuning

4.2.9 Cycle times (ct)

— The time req{:>d
— The cycle tim

The instrument shall be verified for correct operation prior to any check that may be required to
determine the aspects of functionality and capabilities mentioned in the Tables 1 to 7. The
instrument shall be error and fault free. This may be indicated on a local display or a remote
device (handheld terminal or PC or host computer) connected via a bus system.

The Tables 1 to 7 form the checklist for determination of the implemented functions and
properties of a transmitter under consideration. The evaluator shall take into account the
aspects mentioned in the last column. Subclause 4.3.9 gives an example of the reporting
format.
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4.3.2 Functionality

Table 1 — Checklist for mapping functionality

Function/capability Aspects to be considered during evaluation

Main function(s) Give a concise description of the measurement principle(s). Describe instrument
status information and measurement information (separate and derived
quantities) available at the human and communication interfaces and electrical
output subsystem.

Describe the firmware structure (function blocks and how they can be organised)
and rules for application software.

Auxiliary function(s) Give a concise description of auxiliary analogue and digital input and output
functions.

Downward compatibility New releases of a transmitter should be compatible wit oId versions both in
hardware and software. Check whether a new relea nsmi{ter hardware

or firmware is downwards compatible with the old and \f t es have

been adequately documented (manufacturer’s @Ra on,

Function blocks List the available standardised function blg \ eit hS(,(61499

series or IEC 61804 series) or in case of locRs, describe
and categorise them in terms of:

e time dependent function blocks

quare root, exponential);

bility of signal cut-off. Signal cut-off is usually possible at

the_ava
Wthe characteristic to avoid invalid or noisy signals, but also
| cutcoff¥at the upper end can be present. Indicate which option is

: KA vailable appd whether cut-off values are user-configurable.
Check whether a dead band is present between activation and release and
r it is user adjustable.

Signal cut-off

Filters If filters are provided:
oY Are they analogue (hardware) or digital (software)?

e What type (15, 2"4 order) and is the time constant adjustable?
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4.3.3 Configurability

Table 2 — Checklist for mapping configurability

Function/capability Aspects to be considered during evaluation

Fieldbus or wireless compatibility | Check whether the instrument under test is suited for either:
e A connection to a fieldbus in accordance with the IEC 61158 series.

e A connection to a wireless network (specify which standard).

e Or a stand-alone application in combination with a temporary connection to a
proprietary fieldbus.

e Or a stand-alone application.

Give a listing of fieldbus compatible instrument version§./\

Configuration tools Check if the instrument can be configured from:
e Local controls (human interface) on instrume

e Remotely from a PC or a host computer.

Difficulties could be:

— Incorrect entries due to

— Incopsistencieg| in
whén trying a

On-line (re)configuration Check whethex functions_and araWn be changed in control mode. If so,
whether the tis ly affected.
Check whether t is a chanism that prohibits on-line access to all
or some par eters ahd fu f

Off-line configuration C\hei(nwheth rigis Nib set up and store configurations for a number of
ran

t itters on arate [off-line) PC.
\\Qeksure heXime required for off-line configuration.
eck{ confi M upload is possible.

if\download of off-line prepared configurations is possible.

sure theg time required to perform these actions:
«\When commissioning a fieldbus system.
Ip”an operative (active) fieldbus system.
&\ (The time required for these actions may depend on the number of fieldbus
participants in the system).

Configurable restart_conditions When a transmitter is provided with a process control function it may also be
equipped with configurable restart conditions for after a power down. Conditions

provided can be:

e Return to last value.
e Go to a user-defined value.
¢ Return to manual mode.

For transmitters with process control function, list any configurable restart
functions after power down

Configurable fail-safe conditions | List the actions that can be configured in the transmitter in the event of detecting
an internal failure or sensor failure.
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4.3.4 Hardware configuration

Table 3 — Checklist for mapping hardware-configuration

Function/capability Aspects to be considered during evaluation
Hinges/covers Comment, for these items, on the complexity and soundness of construction and
c protection against damage. Refer, if applicable, to mechanical problems that have
% Internal modules appeared during preparation of the evaluation and during the performance of any
2 | Support test.
[2]) . . aer .
c . Comment, for internal modules, on the location/position and addressing of the
8 Protruding parts hardware by DIP switches or software.
'S | Local controls
c .
@ | Sensor connections
(S}
g Electrical connections
Mechanical connections
Ease of mounting The mounting procedure may influence the calibration.

mounting the instrument.

Also, determine the time needed forcorr
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4.3.5 Adjustment and tuning

NOTE 1 Many manufacturers use the term calibration for the procedure of adjusting zero, span and in some cases
linearity. This conflicts with the definitions for adjustment and calibration as given in IEC 60050-300

NOTE 2 Not all types of transmitters can be provided with user-accessible adjustment and tuning tools.

Table 4 — Checklist for mapping adjustment and tuning procedures

Function/capability Aspects to be considered during evaluation

Adjustment procedure Aspects to be considered are:

e How many adjustment procedures exist and what are the differences (which one
is advised etc., on-line and off-line adjustment and tuning or configuration)?

etc.) stored in non-volatile memory?
e What are the range limits?

e What is the resolution of zero/spa
limits?

e Is linearization part of the p
e Measure the time requifed j n@ calihration and tuning.

Record any ob¥%ous og patential\difficties that m

the procedure.

ay have appeared when performing

and tuning to process conditions and
vironmental conditions. Briefly describe the

Tuning procedure Certain instrum

Q imh alidjty, in particular where the actual process parameters

lGes? Record the instrument's output during the procedure. The
show the limitations of the procedure.

Q times does the user need to interact? Are resulting parameters
Q i activated or the can the user ignore/change them and fill in

o Canq adjustment, and tuning be integrated inseparably into one procedure?

“ . asure the time required for tuning.

N\
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4.3.6 Operability

Table 5 — Checklist for mapping operability

Function/capability Aspects to be considered during evaluation
Local controls (tools) for Give a concise description of:
access

e The keys (pushbuttons) available.
e Accessibility and protection against ingress of gas, water, dust.
e Ergonomic layout and use of the keys.

e Protection/suitability of keys for use in hazardous locations.

Local displays Give a concise description of the data that can be shown on
as:

local displays such

e Number of lines and characters per line.
e Control parameters given.

e Error messages.

Human interface(s) at Describe, for PC-based software, the ordan
external system access groups and related displays

keyboards.
Provisions and tools for Give, for PC-basgd provisi j lescri of the organisation and
engineering and maintenance { f d software and display
personnel

Process diagnostic aspects

9,

Logp integrity and performance using information coming from the instruments
and)function blocks used in the loop.

> Fracture, wear, fatigue or corrosion of piping or vessels, etc.
escribe relevant tests and alarms implemented such as:

e Analysis in time or frequency domain of main sensor signal.
e Fingerprinting.

e Availability of additional sensors.

e Additional software tools for the accumulation of operational time, time at certain
load, number of cycles. Check whether these tools are embedded in the
transmitter or in the host.

e Are tests on-line automatic or operator-initiated?
e Are test parameters user-adaptable?

e Actions of transmitter on appearance of diagnostic alarms.
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4.3.7 Dependability

Table 6 — Checklist for mapping dependability

Function/capability Aspects to be considered during evaluation

Transmitter diagnostics Describe how the transmitter diagnoses internal failures and secures safe operation
in case of failures. Mechanisms may be implemented for detecting:

e Flash ROM failure;

e no free time;

o reference voltage failure;
e drive current failure;

e critical NVM failure;

e auxiliary sensor failures (e.g. internal temperature, pre
Fieldbus and wireless devices may provide specific me
e |/O processor fault;
e output not running;
o static parameters lost;

e calibration data read error.

o Offline (out of sexvice)

Does the manufacgture
failures?

Detection of incorrect use dbys or wireless system detect errors and failures due
eratioh and/or maintenance actions such as:
mpers or dip switches (if provided);

of ppwer wiring, connectors, printed circuit boards (if

iple use of same tag names and numbers for different transmitters in a
i-drop digital communication system;

causing a short-circuit by touching adjacent parts when performing mechanical
adjustments.

Alarms Two groups of alarm types can be differentiated:

=
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e Process alarms (related to the above mentioned process diagnostic aspects).
Alarm settings may be user-adjustable.

e Self-test alarms (related to internal failures of the transmitter). These alarms are
in general not user-changeable.

List the alarms provided in both groups and indicate how they are communicated to:
e Host via fieldbus or wireless.
e Hard wired via relay outputs.

e Local display.

Check whether the alarms appear automatically on-line or only on user-request or in
any other way.

Security against unauthorised | Describe the implemented security methods:

access e Hardware (write protect switch).

e Software (passwords, number of access levels and the degrees of access and
configurability at these levels).

e Access to local controls and adjustment/tuning facilities. Docume.nts
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Function/capability

Aspects to be considered during evaluation

Maintainability

List the levels of repair that the manufacturer specifies (exchange of parts, exchange

of complete instrument).

Determine the time to repair (comprising of replacement in workshop including
configuration, adjustment and tuning).

What tools are required for maintenance?
List procedures for preventive and/or predictive maintenance.

Are provisions and algorithms implemented for the determination of degradation of
operation?

Reliability Give figure(s) for mean time between failures (MTBF) and their source, if provided:

Public database (e.g. MIL HDBK 217 or proprietary database).

Field experience (look for population and period of data coltection over which

figures are calculated).

Is partial/complete redundancy provided or optional{{%

Environmental stress
screening (ESS)

Does the manufacturer submit his production t S-testing”

If so, what screening is provided:
e Temperature cycling.

e High temperature only (burn-in)-

Vibration.
N\

Electrical, other.

AN
)

4.3.8 Manufacturer's support

Table 7& Mr ng

anufacturer’s support

Function/capability [\ cts to be considered during evaluation
Training k List \\ng Nr\Q mention also levels and length.
Manufacturer's maich %Mrer offer maintenance contracts (also online)?
support isAth ope?
(\ . at is the guaranteed time for providing maintenance personnel on the spot?
Spares ntion the smallest replaceable unit.
t\b\ion content/size of recommended stock of spare parts.

Q \ \ Spares availability after the end f the transmitter production.

Warranty N\ \ fmdicate warranty period and the extent.

NS
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4.3.9 Reporting

The reporting format as given in Table 8 follows exactly the structure given above in the Tables
1t07.

Table 8 — Reporting format for design review

Function/capability Observations and comments

Fieldbus compatibility

Wireless compatibilty

Configuration tools

On-line reconfiguration [

Off-line configuration (‘
A

Up/download to/from PC < \

Configurable transmitter
output characteristics

N
AN

NN\
4.4 Documentary information
Table 9 summarises the relevant s b@elt ith in the manufacturer's
documentation:
av

h
Table 9 — Checklist (:.n\ il
N\

T SNARNNAN)
W)

Instrument identification N
e Tag or shield on enclosure
e Software identi
e Designated use
e  Other safety relaée/c?\'{m rmation
\

Operating princiye\
Application limit

/
/?
\/

cumentation

hal
le
> Observations and comments

e Vibration
e Humidity

e Power supply, etc.

Electromagnetic compatibility EMC (IEC 61326 series)
Environmental classification (IEC 60721-3 series)
Operating conditions (IEC 60654 series)

Enclosure classification (IEC 60529)

Certification for application in hazardous areas

Failure rate data (IEC 61508 series)

Mechanical construction
e Envelope dimensions, mounting

e Housing, wetted materials and coating

External wiring diagrams

Software description (version numbers)

Mounting and connecting instructions Documennts
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Subject Observations and comments

Instructions for configuring

Commissioning
e Adjustments

. Calibration

e Tuningl/initialisation

Operating instructions

Self-testing/fault finding

Maintenance instructions

Performance specifications /\
Battery life specification (for wireless transmitters) /\\

FaN
Spare parts list /\ \
Ordering information \ \/

Manufacturer support facilities & \ >
Y

Type of documentation and how it is supplied, (printed,

on CD, download from internet)

5 Performance testing

5.1 General

for evaluation lead™Mpo tK
execution of the p
technically and in te

principle used in
expensive.

5.2 In
5.2.1

The design review~of £lause 4 gives a full insight into the capabilities of the transmitter under
consideration in terms of measurement functions and supportive functions such as
configuration, local control and self-tests and diagnostics. When a transmitter has an extensive
functionality, it may be decided for cost and time reasons to not submit all functions listed to
performance testing. It may be agreed that a function or certain functions shall be observed at
some of the tests under influencing conditions. In certain cases, where standardized or well-
described sensors (e.g. thermocouple and RTD) are used, the parties involved may agree on
replacement of the actual physical quantity to be measured by a suitable simulator.

The definition of the measurement functions, to be involved in the evaluation, is based on the
concept of data flow paths (see 4.2). The parties involved need to define the relevant data flow
paths and measurement ranges of the transmitter to be evaluated. Tables 10 and 11 give
examples of a format for listing and defining the functions to be evaluated. Table 10 is related
to a single variable (differential pressure) transmitter and Table 11 is related to a transmitter
with a derived variable (shaft power of a diesel engine) that is derived from 2 single variables
(torque and speed).
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5.2.2 Example of a single variable transmitter

The first measuring range column of Table 10 gives the ranges to be considered during the
performance tests. The instrument in this example has an electrical output and observations
are possible at a local display and at an external system. The local display has a low resolution
and shall not be considered with respect to accuracy during the evaluation. The auxiliary
temperature measurement shall be observed at the local display, but the actual temperature
shall not be specifically controlled or externally measured with an accurate thermometer for

that purpose.

The differential pressure transmitter has a capacitive pressure sensor and an internal
temperature sensor of the resistance temperature detector type.

For testing, the actual physical quantity (differential pressure) shall be a

Table 10 — Listing of functions of a single variable\tra

Re}aﬁcﬁhysical
Measured values (outputs) to be observed Sensor characteristi N uantities to be
proyided at input(s)
Type of Data flow Source
output path to: ~
5 NE
é Measured | \easuring o /E\ 3{ 3 Quantity z
3 | \Variable range &N\ \&g\ Mgasuring S
° ol 2 = range | _
o > 5 |(=]8¢ 5| &
° s -\ £ (=% S| =
& C = 8 2 S IS 2 g
2 /§\ z ,3\ m N Lo
1 0 kPa ta5 N \-)
Differential  |kPa N Capacitive -500kPato |, X
pressure ato P +500 kPa
%Rg}a
2 |Internal -40°¢ to a \/ -40 °C to
temperature © J?‘id\{g J\S \j)\(\ RTD +100 °C Temperature | X

shall be monitored at the local display at all tests. Any large deviations to the
ay indicate defects.

5.2.3 Example of a derived variable transmitter

The first measuring range column of Table 11 gives the ranges to be considered during the
performance tests. The instrument in this example does not have an electrical output and
observations are possible at a local display and an external system. The auxiliary temperature
measurement is observed at the local display, but the actual temperature is not specifically
controlled or externally measured for that purpose. The torque and speed outputs are tested
with the actual physical quantities applied to the sensor subsystem. For the mechanical power
measurement, the torque and speed sensors can be bypassed and simulated by electrical
signals equivalent to the output signals of the various sensors shown in the source columns.
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Table 11 — Listing of functions of derived variable transmitter

Related physical

Measured values (outputs) to be observed Sensor characteristics quantities to be
provided at input(s)

Type of Data flow

sensor path to: Source
5 Measuring .

Measured | \easuring . 5 E. Measurement range Quantity >

Variable range |l 2|32 principle £

[oN [2] —_— =}
2 = © o =
3 Slo|E|E 3 | 8
- cs|lz(8]¢e|5 2 | 2
Y .& — 2 g
o =12 190w A N N& |

1 |Mechanical 100 kW to |C? X X Strain 10 KNm ta 25
power 350 kW }‘% e X
gauge

Optical Or .m. to %
encoder 50

2 |Torque 10 kNm to |S® X | X
25 kKNm Stralnfa/\‘g\%\ W X
3 |Speed 0 r.p.m.to sP X X (0] c*‘)/Or.pN(;
Speed X
500 r.p.m. ehcoge 08 r.p.
{ 708

4 |Internal 0 °C to st | x \0_) ]
temperature |50 °C QD\ 0 °C tp 50 °C |Temperature X

C: Derived variable.

a

b

S: Single variable.

5.3 Measurement
5.3.1 Genera@

An evaluation shg rument’s full characteristics at each test, which means
that the measure d be-performed at a number of intervals sufficient to prove that
the instrum S specifications. This evaluation can however become very

expensive, parti ed measured values In many cases, the added value to full

Therefore, an evaluation comprises a full characteristic measurement at reference conditions
and at various reducgd sets of measurements, which depend on the influencing conditions to
be applied, as listed in 5.8, and on the facilities available.

5.3.2 Single variables

5.3.2.1 General

For single variables, (as shown in Table 10) the procedures are described in 5.3.2.2 and
5.3.2.3.

5.3.2.2 Linear characteristic

For each single variable with a linear characteristic, slowly increase, without overshoot, the
input signal from 0 % to 100 % and back to 0 % in steps of preferably 10 %. The steps shall not
be larger then 20 %. After each step, the transmitter shall be allowed to attain steady state.
Then note the corresponding values of input and output signals at each step. The measure-
ment cycle shall at least be performed 3 times. The measurements in the ard and
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downward directions shall be averaged separately and shall be plotted on a graph. Moreover,
the maximum hysteresis and maximum repeatability errors shall be calculated from the
measurements. The basis for calculating the repeatability shall also be stated.

The reduced set of measurements, to be agreed upon between the parties involved, comprises
measurement of either:

— zero and span shift (if the influencing quantity is expected to influence linearity, some
intermediate points may be added), or

— point measurements at either 0 %, 10 %, 50 %, 90 % or 100 %.

NOTE When the 0 % or 100 % points are fixed values that cannot be surpassed, zero and span shifts can be
derived from measurements at e.g. 2 % and 98 %.

5.3.2.3 Non-linear characteristic

5.3.3 Derived variable

For derived variables, (as shown in Ta
while the second is kept cons

test set-up. Depending on the type of transmitter and the
d and measured, the signal generator(s) and data acquisition
complex.
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Influencing quantity

< 5>

. Transmitter
Signal > under > Load/
generator test receiver
A A
Input Relevant status | Output
measurement information measuremen
\ 4
> < Odtput
Control Controland  le _~digitised)

data acquisition

5.4.2 Signal generator

quantity applied tg theli
required level d@
requires an accur n

The dynamjc prQpexties of the signal generator(s) and the equipment for measuring the input
and relevant™© tput signals shall be superior to the dynamic behaviour of the transmitter under
test.

It shall be noted that signal generators shall be adequately equipped with provisions to also
perform the tests described in 5.8.

5.4.3 Output load/receiver

Current outputs shall be loaded with the maximum permitted or agreed upon resistive load.
Voltage outputs shall be loaded with the minimum permitted or agreed upon resistive load.

The transmitter shall be electrically connected to the fieldbus system and host computer with
its fieldbus interface, as specified by the manufacturer.

With respect to data flows, a base load shall be defined at which the relevant data, necessary
for proper measurement and operation, can be exchanged between the transmitter and
fieldbus master and other fieldbus participants. Documents
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5.4.4 Control and data acquisition

The control and data acquisition unit can be fully automatic or it can be a manually and visually
evaluator-operated system. The equipment used for measuring, recording and controlling the
various signals shall not adversely affect the signals applied and measured. Note that the host
computer may be partly used for data acquisition.

The overall uncertainty of the measuring equipment shall also be calculated using the
uncertainties of the individual measuring instruments used.

5.5 Transmitter under test (testing precautions)

Prior to starting the tests, the transmitter shall be adjusted, calibrated apd
according to the manufacturer's instructions.

wed (initialised)

Before each test, the evaluator shall ensure that the transmitter isin & ault-free
state and in its normal operational mode. Prior to each, test &NCE nts and

the instrument.

An adequate time, as specified by the manufacture
power supply) in order to stabilize the transmitte
absence of a specification, a period of at S

after switching on the

eprassogiated test equipment. In the
be aflowed.

The measurement points used to determine the ance characteristic should be
distributed over the range. They should include\po at or near the lower- and upper-range
values. There should be at least six g 3, and preferably more. The number
and location of these megStwem e_consistent with the degree of precision

required and the charactexisti i 7 Bachh measurement point should be reached

At each point b : ing shall be done after the device has stabilized at its
apparent steady-state !

Tests of a A iR a fieldbus system shall be considered carefully. The dynamic

behaviou system and host computer shall not obscure the transmitter
characteristic , transmitter tests are executed in a stand-alone configuration as
shown in Figure BxJ apd with a base load.

The host computer shall not be used for processing and storing test data in non-fieldbus-
related applications in order to avoid interference of the fieldbus tasks.

5.6 Reference conditions for performance tests

The reference values for the environmental and operational test conditions are listed in Table
12. For more detailed information, see Clause 6 of IEC 61298-1:2008.
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Table 12 — Reference environmental and operational test conditions

Reference conditions

Ambient temperature ®

20°C+2°C
15 °C to 25 °C recommended limits

Relative humidity

See note

65 % 5%
45 % to 75 % recommended limits

Atmospheric pressure

86 kPa to 106 kPa

Electromagnetic field

Value to be stated, if relevant

Electrical supply

- Specified voltage: +1 %
- Specified frequency: £1 %
- Harmonic distortion (a.c. supply): less than 5 %

- Ripple (d.c. supply): less than 0,1 %

Mounting position

The instrument shall be mounted in one of i{g"sp rma| movnting positions
in accordance with the manufacturer’s instru tlons

Vibration The instrument shall be installed suchdas to™ayaid effect f vibrations induced
from outside the instrument during/tthe s
# Tests shall preferably be done within the specified reference afmospherit.conditions. Yhey may — by exception —

be done within the recommended limits; in no case shall they excge thes
the recommended limits are unsatisfactory, they shall b?’ﬁé«Q at

limits$

When measurements within
the eference atmospheric conditions.

5.7

Test procedures for tests un

Table 13 — Procedure for

denrrefere
ts under reference conditions

Designation \T\{t meth an o Reference Additional
N to b orted information
* Accuracy in upward and IEC 61298-
. . . 10 o to 20 % intervals. | 2:2008,
Single variable line -bas d prdcessed) shall be Clause 4
e Linearity errors
e Hysteresis
e Repeatability
¢ Accuracy \ MeWents at least 3X in upward and
. wnwérd direction at predefined intervals.
Single v -IRear | pyia (processed as agreed) shall be plotted
e Conformi in/Aa graph.
e Hysteresis
e Repeatability
* Accuracy Measurements of one quantity at least 3X in
. . upward and downward direction at predefined
Multivariable intervals where the other quantity is kept
e Conformity errors constant. Data (processed as agreed) shall
. be plotted in a graph.
e Hysteresis
e Repeatability
* Con.fPrmity €rrors | Measurements at least 3X in upward and IEC 61298- Test may be skipped
auxiliary sensors downward direction at 10 % to 20 % intervals 2:2008, when sensors are
: . Clause 4 not essential for
* Hysteresis Data shall be plotted in a graph. correct operation
e Repeatability
»  Switching points binary | petermine threshold values for switching from Optional test
input sensors logic “0” to “1” and reverse.
e Function blocks See Annex C.
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Designation Test methods and information Reference Additional

to be reported information
» Dead band Measurement at 50 % (10 %, 90 % optional). | IEC 61298-
2:2008, 4.2

Procedure for dead band test.
e Slowly increase one input until detecting an output change. Note this signal as ,.

e Slowly decrease that input until detecting an output change. Note this signal as 17,.

The difference (W, — W3) is the dead band value. Measurement should be made 3 times; maximum value is quoted
as the dead band. The test is for a transmitter with a derived measured variable repeated for the other input(s)

When the dead band is user-adjustable it shall be measured at the minimum and maximum values and the value
required or advised for optimal operation (obtained by the tuning procedure, or described in the manual).

Dynamic response

e The availability and settings (fixed or user-adjustable) of input filters shall be clear,

e The dynamic response of a derived measured variable may be different for ea

shall be applied to the fieldbus system.

«  Frequency response 7 )E/c 61298- | The test shall be
2

:2008, 5.3 performed until a
which the output i frequency of not

10 %. Report: — 0,7); greater than 0,2

phase lag 45° and 90° \maXimum\celati i times the bus

ayd\qrres/peﬁd@ freqiiency, and phase lag. frequency.
For fieldbus instruments, this tes can\é skipped\orican be peffdrmed for obtaining reference data in the fieldbus
system considered. The tesﬁe\sult hen in e thendyramic behaviour of fieldbus system.

» Stepresponse : essivelyat least 3 steps up- and IEC 61298-

starting at 0,01 Hz

%and 90 %; 5 % and 2:2008, 5.4
; ; 85 % and 95 %.

< i esponse time, dead time,

and sgttling time (see Figure 3).

ichever is the greatest. In that case,
the minimum and maximum values shall be
reported. Also report possible limit cycling.
For fieldbus instruments, this test can be skipped or can be performed for obtaining reference data in the fieldbus
system considered. The.test results then include the dynamic behaviour of the fieldbus system.

For accurate response time measurements, excluding the dynamics of the fieldbus system, the transducer at the
signal generator side (see Figure 2) should include a bus monitor to determine the exact time at which the step
function arrives at the instrument's input.

When a signal generator influences the response time, some appropriate steps can be set depending on the type of
transmitters, e.g. apply steps downward between 90 % and 0 %.

e Power requirements Determine the maximum power consumption IEC 61298-
and the conditions for input(s) and output(s) 3:2008, 12.1
at which it appears.

For loop-powered analogue 4 mA to 20 mA transmitters determine the voltage over the terminals at 100 % input. For
fieldbus powered transmitters, determine minimum voltage or current at which the instrument can still operate.
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Figure 3 — Examples of step responses of electrical outputs of transmitters
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5.8 Test procedures for determination of the effects of influence quantities

5.8.1 General

5.8.1.1 Overview

During and/or after the tests described in 5.8, the observations and measurements to be

performed are presented in the Tables 14 to 18. The matrices are tools for designing a test
programme for the evaluation of transmitters.

Subclauses 5.8.1.2 to 5.8.1.6 give guidance on the use of the Tables 14 to 18.

5.8.1.2 Accuracy columns

Measured variable

Determine the relevant data flow paths for each quantity to be _measurex both single

the column shall be split into six sub-columns for torque,
and at the external system.

The symbols used in this column are:

Cr = reduced characteristic (zero
number of measurement point

P = point measurement.

Pr = point measurement

X = test or check as d

It is advised to apply

approximately 2 %\ dux
instrument cont |

evaluator may nofvobse

functions may be.provided:

— Analogue sensors (e.g. for internal temperature measurement).
— Digital inputs; check for correct operation by introducing in turn a logic "0" and a logic "1".
— Digital outputs; check for correct switching upon application of the relevant stimulus.

Intermediate/internal values

When the instrument has provisions for reading local or remote data or for reading
intermediate data at electrical test points in the various data flow paths, these shall also be
monitored and noted.

Determine the number of relevant intermediate values to be monitored and split this column
accordingly. In case of failures or errors, these data may show in which part of the transmitter
they occurred. Intermediate values that can be provided are:

— The “raw” electrical sensor signal. Documents
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— The converted (digitised) sensor signal before being processed (A/D output).

5.8.1.3 Dependability columns

Hardware damage

Observe the instrument for mechanical damage, malfunctions or degraded operation during
and/or after the test.

Communication

Check the communication via local controls. This comprises the unobstrucied_access to the

Check the communication via a fieldbus. This comprises the uf
instrument via the host and fieldbus and undisturbed read-out of da

Also check the communication in both the human and e
temporary stops as a result of the applied test.

Software configuration

Instruments m
automatically or inifta

not fully operating z

Introduce steps % to 55 % and back to the input and report any change in time for the
output to reach a stable position (within 1 % of the span of the final steady state). If limit
cycling appears, report the amplitude and cycle time.

Stability

Check the (steady state) stability of the instrument at 10 %, 50 % and 90 % input. Report
obvious instability and/or limit cycling. In the last case, also report the amplitude and cycle
time. In case of instability or limit cycling, perform the auto-tuning procedure and report the
resulting changes of the relevant control parameters and possible improvement of stability.

Auto-adjustment/auto-tuning
Perform the auto-adjustment and auto-tuning procedures.
For the auto-adjustment procedure, report possible changes of the zero and span, linearity and

time required for performing it. Documents
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For the auto-tuning procedure, report possible changes of the relevant control parameters and
time required for performing it.

Possible stability changes resulting from performing these procedures shall also be reported.

5.8.1.5 Time of measurements

As the measurements and observations during and after each test are not always the same,
the table distinguishes two situations in the column "Time of measurement”.

D = shift measurements with respect to initial measurements before the test and
observations during test.

he test and

A = shift measurements with respect to initial measurements béf
observations after test.

5.8.1.6 Test method rows

5.8.2 Process domain
5.8.2.1 General

In the process domain, the performance of a S < be“affected by disturbances in the
from installation and by electrical
disturbances on the wiring to remote $ensors ¢ al loads. Therefore, this domain is
divided into two sub-domaijriss

— sensor disturbancess

— wiring disturbafce

5.8.2.2 Sensor ¢
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Table 14 — Methods for testing immunity to sensor disturbances —
Matrix of instrument properties and tests

Designation Accuracy Dependability Stability References
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D |P°@ X | X X | X A N
Input over-range
cr X [ x| x| x| x < S
Test method Overload each separate sensor with the maximum perpAitted signalNfor ‘\minNQObserve the

behaviour of the transmitter during the overload period\After recoverytime at 50 %

input, measurements and observations shall be p

This test can damage the transmitter under te edsas the last test.

Safety measures may also be required.

Effect of medium D jCr| X | X
properties A Cr X X

Test parameters Depending on the physi
influence of the following

e density

e conductivity

Effect of m%Q X | X X | X | X | X | X
conditions A> cr| X X X X X X X X

Test parameters Depending on the physical quantity to be measured and the measuring principle used, the
influence of the following conditions can be considered:

e pressure
e temperature

e medium (solids, liquids, gas)

e two-phase fluids (liquid/gas or liquid/solids)
e medium pollution causing signal interference

o flow rate (high, low, fluid in rest)

Effect of D Cr| X X X X X X X

inctallatinn
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