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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TRANSMITTERS FOR USE IN INDUSTRIAL-PROCESS
CONTROL SYSTEMS -

Part 3: Methods for performance evaluation
of intelligent transmitters

2006(E)

CODOCA\AIANDD
TFTONRCVVORD

1) The Injternational Electrotechnical Commission (IEC) is a worldwide organization standardization_comprising
all ngtional electrotechnical committees (IEC National Committees). The promote
international co-operation on all questions concerning standardization in the ele Ids. To
this ehd and in addition to other activities, IEC publishes International 3 ifications,
Technlical Reports, Publicly Available Specifications (PAS) and Guides as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; nterested
in thg subject dealt with may participate in this preparatory wrk and non-
goverpmental organizations liaising with the IEC also participate_in bs closely
with the International Organization for Standardization (ISO conditions determined by
agreefnent between the two organizations.

2) The fgrmal decisions or agreements of IEC on technical ernational
consepsus of opinion on the relevant subj from all
interegted IEC National Committees.

3) IEC Hublications have the form of recommepdatigns\for in National
Comniittees in that sense. While all reasona nt of IEC
Publidations is accurate, IEC cannot be ) r for any
misinterpretation by any end user.

4) In order to promote international u blications
transgarently to the maX| vergence
betwepn any IEC Public indicated in
the lafter.

5) IEC pgrovides no markig proc te its approval and cannot be rendered responsiblg for any
equipfnent decl ublication

6) All usgrs should enSupé t edition of this publication

7) No liapility shall a ts directprs, employees, servants or agents including individual eXperts and
memblers of its te C National Committees for any personal injury, property damage or
other |[damage atsoever, whether direct or indirect, or for costs (including legal fees) and
expenges &fisi ation, use of, or reliance upon, this IEC Publication or any ¢ther IEC
Publigatjons

8) Attentjqn is oxthe Normative references cited in this publication. Use of the referenced publications is
indispen ect/application of this publication

9) Attentjon is.drawn to the possibility that some of the elements of this IEC Publication may be the pubject of
paten{ rights JIEC shallnot be held responsible for identifying any or all such patent rights

The Intermatiomat-Stamdard CB80770=-3as beenmprepared-—by subco ee 658, Devices, of

IEC technical committee 65: Industrial-process measurement and control.

The text of this standard is based on the following documents:

FDIS
65B/580/FDIS

Report on voting

65B/587/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.


https://iecnorm.com/api/?name=3d1f8186b3f2a7e9cec991af8a29eedb

60770-3 © IEC:2006(E) -5-

IEC 60770 consists of the following parts, under the general title Transmitters for use in
industrial-process control systems:

Part 1: Methods for performance evaluation

Part 2: Methods for inspection and routine testing

Part 3: Methods for performance evaluation of intelligent transmitters

The committee has decided that the contents of this publication will remain unchanged until the

maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amepded.

A bilinglial version of this standard may be issued at a later date>

@%
;
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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 alatm and condition

monitoring. Therefore accuracy-related performance testing, although sfill a wajor [tool for
evaluatipn, is no longer sufficient to show the flexibility, capability fes with
respect|to engineering, installation, maintainability, reliability and opepabi

BecausI of the complexity of intelligent transmitters, a buld be
maintained between the evaluating body and the manufacfure idn. Note
should |be taken of the manufacturer's specifications he test
programme is being decided, and the manufacturer shqg ent on poth the
test programme and the results. His comments on thg y report
produced by the testing organisation.

This paft of IEC 60770 addresses, ints mandatory methods for a
design neview and performance testing\of i 5 will, in
many cases, also have the capacity to b communlcat|on (bus) qystems,
where - In this case, deperndability,
(inter)oq sues. The testing of these |aspects
depends largely on the in ation of the intelligent transmitter|and the
architecture and size of exes A, B and C give a non-mgndatory
methodglogy and frame valuation procedures for dependaljility and
throughput testing and ifi

When a| full eva@) this part of IEC 60770, is not required or gossible,
those tgsts which a howld e performed and the results reported in accprdance
with the] In such cases, the test report should state thaf it does
not cov pecified herein. Furthermore, the items omitted should be
mention ader of the report a clear overview

The str of IEC 60770 largely follows the framework of IEC 62(098. For
perform IEC 61298 series should also be consulted. A number pf tests
describgd ther till valid for intelligent transmitters. Further reading of the IEC 61069
series ip ed, as some notions in this part of IEC 60770 are based on doncepts

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 and object

This part of IEC 60770 specifies the following methods.

* Methods for
— reviewing the functionality and the degree of intelligence in ini&lh

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

« Methodologies for
— (determining the reliability and diagnostic feature

— determining the communication capabiliti
gommunication network.

The methods and methodologies are & i i sritters, which conve

t one or

more ph s for use in a communication
network C 60381 series).
The me > FNEES60770 are intended for use by

— manpfacturers to de¢

— users or independg lions.
Manufagturers o@ i§ > ! urged to apply this part of IEC 60770 at pn early
stage ofl developm

This st IS\ i o¥ide guidance for designing evaluations of intelligent
transmi ' i \

- ac the hardware and software design in a structured way;

— test [method&\fon measuring and qualifying the performance, dependability and ogerability

under varigus envixonmental and operational conditions;

— methods, for repofting the data obtained.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of

the referenced document (including any amendments) applies.

IEC 60050-300, International Electrotechnical Vocabulary (IEV) — Electrical and electronic
measurements and measuring instruments — Part 311: General terms relating to measurements
— Part 312: General terms relating to electrical measurements — Part 313: Types of electrical

measuring instruments — Part 314: Specific terms according to the type of instrument

IEC 60068-2-1, Environmental testing — Part 2: Tests. Tests A: Cold

IEC 60068-2-2, Environmental testing — Part 2: Tests B: Dry heat
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IEC 60068-2-6, Environmental testing — Part 2: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-31, Environmental testing. Part 2: Tests. Test Ec: Drop and topple, primarily for
equipment-type specimens

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state
IEC 60079 (all parts), Electrical apparatus for explosive gas atmospheres

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

IEC 6092971989, Degree of protection provided by enclosures (1P Code)
Amendment 1 (1999)

IEC 60654 (all parts), Operating conditions for industrial-process t nd>control

equipmént
IEC 607]21-3 (all parts), Classification of environmental ¢ Classifidation of
groups ¢f environmental parameters and their severities

IEC 607
for performance evaluation

Methods

IEC 610 rol, and
laboratd
IEC 610 cation

IEC 61158 (all parts), Digi
use in industrial cqntr
IEC 61298 (all p;

procedures for evahiq

Hbus for

bds and

IEC 613 - EMC

requiren

IEC 614

IEC 61804~ (all parts)/Function blocks (FB) for process control

CISPR 11, Industrial, scientific and medical (ISM) radio-frequency equipment — Electromagnetic
disturbance characteristics — Limits and methods of measurement

3 Terms and definitions

For the purposes of this part of IEC 60770, the definitions given in IEC 60770-1 and
IEC 60050-300 as well as 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
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3.2
intelligent single variable transmitter
transmitter that measures one single physical quantity

3.3
intelligent multi variable 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 [When the instrument is made to give a null indication corresponding to a null
set of opdration is called zero adjustment.

NOTE 2 [Many manufacturers use the term calibration for adjustment of zero, sparhand\lingarit

3.5
user adLustment
adjustment, employing only the means at the disposa
manufagturer

e of t%

3.6

calibration

set of gperations which establishes Ye relationship which
under specified conditions, between an indication measurement

NOTE The relationship between the indicatio Su S gasurement can be expressed, in pr

a calibratfon diagram.

3.7
tuning
process| of adjusting

optimal | measurefment.
procedure provided b
3.8

base lopd
minimur

3.9

signal ¢
installat
output qf the-signa

irand, the

>ity.

by the

exists,

nciple, by

ble and
prietary

at provides the physical quantity to be measured by a transmifter. The
enerator shall be accurate and traceable to international standa

ds both

under raference conditions and cantrolled operational conditions in the required range

3.10
configuring
process of implementing the functionality required for a certain application

3.1
configurability

extent to which an intelligent transmitter can be provided with functions to control various

applications

3.12
set-up

process of configuring, calibrating and tuning a transmitter for optimal measurement
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3.13

dead band

finite range of values within which reversal of the input variable does not produce any
noticeable change in the output variable

NOTE The dead band may be entirely defined by the resolution of the digital processing in the data processing
subsystem and the electrical output system.

3.14
operating mode
selected method of operation of a transmitter

3.15

accuragy
closeneps of agreement between the result of a measurement and (cenventiorjal) true
value of{the quantity being measured

3.16
error
algebraic difference between the measured value and the t«

3.17
conformity error

absolute value of maximum deviation
charactgristic curve

3.18
linearity error

absolute value of maximu
line

4 Design revi$

4.1 General

straight

The dedi tionality
and cap duction,
intellige cessary

tool for

— The
— The

Subclause4-2 uu;dco the—evatuatot thluuyh the PTro€ess of dcoul;b;lly the phyo;\,al strdcture 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.

4.2 Transmitter analysis
4.2.1 General
Two different types of transmitters can be identified:

« Single-variable transmitter. The measured value (output) represents one single physical
quantity measured by one type of sensor.
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e Multi-variable 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 composite measured variables resulting from the measurement
of more than one quantity through more than one type of sensor and processed through
a distinct algorithm (e.g. flow computer, mechanical power meter). In many cases, the
individual measured variables are also available to the user.

Each type of intelligent transmitter may be equipped with independent auxiliary sensors and
auxiliary (mainly digital) outputs, which are not involved in the primary measurement process.

The gene ansmitter model o igure gives—a—maximum—configuratic a, tool for
setting Uip a blockscheme and concise description of the transmitter to be is also
important for defining the functions to be considered in the performancs ayse 5)

Functiopally, a transmitter is an information transformer. eikits the
instrumgnt through the various (external) domains given in Figufe 1, Jistinet data flow

paths. The following paths can be defined, but are not always.residept iy iC trapsmitter

tor commands through local key
quently affecting the above-me

system,
pte data

procg
« Rem prosessing systems) to the instrument’'s data
procgssing subsystem,\conse external

A blockscheme e ipti e i ded in the evaluation report and may be efhanced
dr, i \ i

with phctograph
To external system I @

A\
| Utility damain
er supply Communication
i interface

N

| External system domair

Analog
Main sensor(s output (mA)
© s Data ct2 Electrical ———»
ensor < > processing < > output
Auxiliary sensors subsystem subsystem subsystem
—_——> >
Digital
output (relay)
| Process domain | v
Human
interface

ITO human operator

[ Humandomain | IEC 427/06

Figure 1 — Intelligent transmitter model
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For an intelligent transmitter, the main physical modules and provisions for connection to
external systems and human operators are defined in 4.2.2 to 4.2.9.

4.2.2 Data processing subsystem

The data processing subsystem is the heart of an intelligent transmitter. Its main function is to
provide and process the measured quantity(ies) for further real-time use by the human and
communication interfaces and/or at the electrical output subsystem. Many transmitters
measure one quantity by means of one (main) sensor, but composite measured variables such
as heat- or mass-flow and mechanical power require more sensors.

Besides the mam measurement funct|on a transmitter may be equipped with a number of
addition
function

s that may be resident in a transmitter are:

— confjguration;

— adjuptment, and tuning;

— self-testing, diagnostics, condition monitoring;
— extefnal process control function;

— trendling and data storage.

Part of {he functionality may be located in externaghdeviceg the i nuously
connect i )

4.2.3

The sensor subsystem converts the icak o ity (i red into
electrical si iti 3 sed orvuse by the data processing unit. The
i ith ‘®lectrica

subsyste irquits for sensing binary signals (e.g.|change
auxiliary sensors of a different type (e.g.

auxiliary

The sen integrated with the other modules in one enjclosure.
The sen € e.g. densitometer, thermocouple transmitter)| Certain
transmitters (e.g¢/ ¢ Resistance Thermometer Detector (RTD)) utilise

standardli i Hat provide an electric signal. In such a case, it|may be
agreed e gvaluation with an acceptable simulator instead of the applicatign of the
actual q

Depend ment principle used, the sensor may not require auxiliary (gxternal)
power (e.g. mocyuples) or it may require auxiliary power (e.g. strain gauges) or a

specific iSed power source (e.g. electromagnetic and Coriolis flowmeters).

Sensors are, in general, incorporated in the process installations and in many cases, they may
also be in direct contact with the process medium. As such, medium properties, medium
conditions and installation conditions may adversely influence them. As a remote unit, the
sensor may also be subjected to more severe environmental conditions than the other
subsystems. Moreover, it shall also be considered whether it is necessary to apply combined
environmental and process conditions during an evaluation.

As part of the design review, a list of the types of sensors that are provided and their
measuring ranges shall be compiled.
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4.2.4 Human interface

The human interface is an important tool for direct interaction and communication with the
human operator. It consists of integral means at the instrument for reading out data (local
display) and provisions for entering and requesting data (local pushbuttons). Instruments may
be provided that are not equipped with a human interface. Access to the database is then
provided via the communication interface and the external system or a handheld terminal.

A list of the measurement data that can be shown on the display and the refresh rates, as well
as the status data that can either automatically or on request be made available to the operator
shall be tabulated. In addition, a summary of the functions and facilities for access and data
presentation shall be made.

4.2.5 Communication interface

link), measurement and control data are transferred and access
instrument's configuration data. There are also still hybrid i

superimposed on an analogue data signal line. There ma

communication interface. Then configuration and rea via the
human interface.

A list off the measurement data that cg should
be compiled. A summary of the statd uest be
transferfed to the host shall also be lis

presentation shall also be indicated.

4.2.6 Electrical outp

Instruments suitable fp ‘ i with an
electrical output subsy

The electrical o

processjng subsyste quipped
with ong ' ent may
require

A listing & ¢ i bls shall
be tabulated. ; pall also
be included: * 0 (digital)
output termina K i

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.

4.2.8 External functionality

Through the data communication interface and the fieldbus, the instrument communicates with
host equipment (Personal Computer (PC) or link server, etc.). Through these facilities, parts of
the transmitter functionality may be allocated in the host equipment. The following functions
may be suitable for remote allocation:
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— (Remote) configuration tool.
— Data storage (configuration, trend, transmitter condition).
— Parts of the adjustment and tuning procedure.

The external functionality (if present) shall be treated as an integral part of the transmitter.

4.2.9 Cycle times (ct)

The quality of a transmitter’s real-time operation largely depends on:

— The time required to perform and transmit measurements and data to the external world.

— The cycle times for on-line diagnostic tests (cty).

The abbreviations ct1-ct4 indicate the cycle times (refresh times) for inteppal data’|transfer
between the various modules and to the external world. These cyclgtimes do mot haye to be
equal and they may be all or partly user-adjustable.

4.3 Aspects to be reviewed

4.3.1 General

The insfrument shall be verified for correct operation(pri t may be required to
determine the aspects of functionality and cap' ities i i e Tables 1 td 7. The
instrumgnt shall be error and fault free: &\ | on & local display or g remote
device (handheld terminal or PC or host co bus system.

The Taples 1 to 7 form the checklist” for determi of the implemented functipns and
properties of a transmitter under considgration( luator shall take into accqunt the

aspects| mentioned in th
format.

4.3.2 Functlo

gives an example of the reporting

Function capablllty/\\

peét/s\o»b{consmered during evaluation

Main fungtion(s)

e\e\cgvélse description of the measurement principle(s). Describe ifpstrument
status information and measurement information (separate and composite
quantities) available at the human and communication interfaces and dlectrical

put subsystem.

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

Auxiliary 1unction(§~)\>

Give a concise description of auxiliary analogue and digital input and output
functions.

Matching

New releases of a transmitter should be compatible with old versions bjoth in

hardware and software.

Function blocks

List the available standardised function blocks (according to either IEC 61499
series or IEC 61804 series) or in case of proprietary function blocks, describe
and categorise them in terms of:

« time dependent function blocks (totalizers, controllers, timers, lead/lag);

« time-independent function blocks, to be divided into:
« calculation blocks (e.g. sensor linearization, square root, exponential);
* logic blocks (and, or, etc.).

For each function block give:

¢ Name.

¢ Adjustment range if user-adjustable.

« Default values if applicable.

« Check recognition and rejection of invalid values.

For details on checking function block features, see Annex C.
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Function/capability

Aspects to be considered during evaluation

Signal cut-off

« Check the availability of signal cut-off. Signal cut-off is usually possible at the
lower end of the characteristic to avoid invalid or noisy signals, but also signal
cut-off at the upper end can be present. Indicate which option is available and
whether cut-off values are user-configurable.

« Check whether a dead band is present between activation and release and
whether it is user adjustable.

Filters

If filters are provided:

« Are they analogue (hardware) or digital (software)?

« What type (1st, 2nd order) and is the time constant adjustable?

4.3.3 Configurability

Table

2 — Checklist for mapping configurabjti

Fuhction/capability

Fieldbus ¢ompatibility

Aspects to be conmdereNthg éya}ugtlc;h\

¢ Or stand-alone application in ibn to a

proprietary fieldbus.
« Or stand-alone application|.
Give a listing of fieldbus(cor

Configuration tools

<
X

vious
ols.

iously set

gdge when

On-line (re conf|gura&

Check whebher functions and parameters can be changed in control mgde. If so,
hether the output is unacceptably affected.

Check whether there is a security mechanism that prohibits on-line acdess to all

\Qr some parameters and functions.

Off-line thﬁflg ation

Check whether it is possible to set up and store configurations for a number of
transmitters on a separate (off-line) PC.

Measure the time required for off-line configuration.

Up/downlpad to/from\PQ/

Check if configuration upload is possible.

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

Measure the time required to perform these actions:
¢« When commissioning a fieldbus system.
¢ In 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:

« Return to last value.
¢ Go to a user-defined value.

¢ Return to manual mode.

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]} . . iy .
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
2 ‘
« Sensor connections
(S}
g Elecfrical connections
Mechanical connections

Ease of njounting The mounting procedure may influence the calibrati
adequate attention to alignment, fixation to ins i

4.3.5

Note 1: | zero, span and in some cases
linearity. IEC 60050-300

Note 2: N

Fundtion/capability

Adjustmept procedure

9,

ich one is

g?

\Are adjustment, calibration and tuning data (name of operator, date, panameters,
c.)6tored in non-volatile memory?

4 >What are the range limits?

What is the resolution of zero/span adjustments both at upper and lowel range
limits?

* Is linearization part of the procedure?

* Measure the time required for adjustment, calibration and tuning.

Record any obvious or potential difficulties that may have appeared when performing
the procedure.

Tuning procedure Certain instruments require adaptation and tuning to process conditions and
properties, installation conditions and environmental conditions. Briefly describe the
procedure. The following shall be considered:

¢ In certain cases, tuning/adaptation may require the setting of fixed process related
parameters particularly when configuring the instrument. Often, this method has
limited validity, in particular where the actual process parameters may vary over a
wide range.

« It may also be an automatic procedure to be performed under live conditions. If
so, how many times does the user need to interact? Are resulting parameters
automatically activated or the can the user ignore/change them and fill in different
values? Record the instrument's output during the procedure. The record may
show the limitations of the procedure.

¢ Can adjustment, and tuning be integrated inseparably into one procedure?

* Measure the time required for tuning.
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4.3.6 Operability
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Table 5 — Checklist for mapping operability

Function/capability

Aspects to be considered during evaluation

Local controls (tools) for
access

Give a concise description of:

¢ The keys (pushbuttons) available.

« Accessibility and protection against ingress of gas, water, dust.
« Ergonomic layout and use of the keys.

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

and function blocks used in the loop.
Fracture, wear, fatigue or corrosion of piping or vessels, etc.

Describe relevant tests and alarms implemented such as:

Local dispteys Giveaeoncise-deseriptionof-the—datathatcan-be-sheownoenthetogatdispiays such
as:
¢ Number of lines and characters per line.
« Control parameters given.
« Error messages.
* Readability of display without removin/g/fhe\e ctr(&ics OVeys.
Human inferface(s) at Describe, for PC-based software, the isatio Wof the varjous user
external system {labilify of dedicatgd
layout of display and keyboard.
Provision$ and tools for of the organisation and
engineering and maintenance software and displayf
personne
C.) that
Process diagnostic aspects — has
tallations
@ ’ ments
<$

* Analysis in time or frequency domain of main sensor signal.

* Fingerprinting.

» Availability of additional sensors.

load, number of cycles. Check whether these tools are embedded in the
transmitter or in the host.

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

¢ Actions of transmitter on appearance of diagnostic alarms.

« Additional software tools for the accumulation of operational time, time at certain
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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:

Flash ROM failure;

no free time;

.
.
« reference voltage failure;
.

drive current failure;

critical NVM failure;

auxiliary sensor failures (e.g. internal temp, pressure).
Fieldbus devices may provide specific messages suc

1/0 processor fault;
« output not running;
« static parameters lost;

calibration data read error.

Check which diagnostics are perforpaed:

of internal

Detection of incorrect use

o incorrect

Q possible);
Q iple use bf same tag names and numbers for different transmitters in a multi-
tgital’communication system;
causing a short circuit by touching adjacent parts when performing mechanical
adjystments.
Alarms \ >wo groups of alarm types can be differentiated:
Process alarms (related to the above mentioned process diagnostic aspgcts).
Alarm settings may be user-adjustable.
« 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:

Host via fieldbus.

Hard wired via relay outputs.

Local display.

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

Security against unauthorised
access

Describe the implemented security methods:

Hardware (write protect switch).

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

Access to local controls and adjustment/tuning facilities.
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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,
of complete instrument).

configuration, adjustment and tuning).
What tools are required for maintenance?
List procedures for preventive and/or predictive maintenance.

exchange

Determine the time to repair (comprising of replacement in workshop including

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 colfestion over which

figures are calculated).

Is partial/complete redundancy provided or optionally ayaila Ie@\
Environmgntal stress Does the manufacturer submit his production to ES3-testing?
screening| (ESS) If so, what screening is provided:

¢ Temperature cycling.

« High temperature only (burn-in).

* Vibration.

« Electrical, other. /\
4.3.8 Manufacturer's support @

Table 7 — Checklist for mappingumanufacturer’s support
(AN
Fundgtion/capability \ Aé&ea’g to m\&w{sidered during evaluation
Trainin ist trajning course mMn s@'levels and length.
9 [Lst traigfing courses, 3o 9
Manufactdirer's maintenanc .
support
0 spot?
Spares
<\ ilability after the end f the transmitter production.
Warranty < \ ln\i@atéwarranty period and the extent.
N\

4.3.9 Reporting
The Reporting format as given in Table 8 follows exactly the structure given above in the

Tables 1to 7.

Table 8 — Reporting format for design review

Function/capability

Observations and comments

Fieldbus compatibility

Configuration tools

On-line reconfiguration

Off-line configuration

Up/download to/from PC

Configurable transmitter
output characteristics

Etc...
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4.4 Documentary information

Table 9 summarises the relevant subjects, which shall be dealt with in the manufacturer's
documentation:

Table 9 — Checklist on available documentation

Subject Observations and comments

Instrument identification
* Tag or shield on enclosure

¢ Software identification

Operating principle [

Applicatign limits
. Temperature
. Vibragtion
. Humidity
. EMC

. Powgr supply, etc.

Certificatipn for application in hazardous areas\

Environmgntal classification (IEC 60721-3 series) >

Operating conditions (IEC 60654 series)

Enclosurq classification (IEC 60529) (\ /\
\/

Failure raje data

Mechanicpl construction

. Envelope dimensions, mountjng Q w
. Housling, wetted materials%c&w\atﬁ\ )
N

N—7

External Wiring diagrams ~

N
Software fHescription (versic{n n\)(yrbe\}s\)\ \

Mounting Jand conng«:/tin\gsingpuction? )

Instructions for confiM/g’\

Commissj{oning

» Adjustments \\\/>
 Calibratjon

* Tuning/Initialisgtion

Operatingxiqstms@\ns\ \

Self-testifg/fauit finding \

Maintenafice instrlkbkms >

Performapcedspecifications

Spare parts list

Ordering information

Manufacturer support facilities

When this information is not available or inadequate, it shall be stated in the column
observations and comments.
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5 Performance testing

5.1 General

The choice of transmitter to be submitted to the various tests is subject to negotiations
between the parties involved in the evaluation. The guiding principle for setting up performance
testing of an intelligent transmitter is a user's application. It is the basis for the definition of the
requirements with respect to the measurement function(s), properties and operational
environment of a transmitter. The study of the requirements and the actual instrument chosen
for evaluation lead to the development of the test procedures and test facilities necessary for
execution of performance tests. At an early stage the feaS|b|I|ty of testmg has to be judged
technicgiy—and—interms—ofcosis—Depending—onthe—guantityto-be—measdrs s eperating
principlg icult and
expensi

5.2 Instrument considerations
5.2.1 General

The dedign review of Clause 4 gives a full insight into tf abi g itter under
considefation in terms of measurement functiops and porti i uch as
configunation, local control and self-tests and dlagnotlc. S Ktensive
functionglity, it may be decided for cost and timg rea ; ~ i [ isted to
performpnce testing. It may be agreed stior ‘ i brved at

some 0O or well-
describ he-parties involved may ggree on
replace d by a suitable simulator.

The defjnition of the meagure i ) e inyolved in the evaluation, is basedl on the

concept| of data flow p ved need to define the relevant data flow
paths ahd measuremeg ) ansmitter to be evaluated. Tables 10 and |11 give
examplegs of a format for i fining\the functions to be evaluated. Table 10 ig related
to a single vari i ia ransmitter and Table 11 is related to a trahsmitter
with a pomposite\¥a aft.pQwenof a diesel engine) that is derived from 2 single
variablep (torque apf

5.2.2

The firs Ui ange coldmn of Table 10 gives the ranges to be considered dyring the
performpance™tests ) khe instrument in this example has an electrical output and obsefrvations
are possible al display and at an external system. The local display has a low rgsolution
and shall noflb idered with respect to accuracy during the evaluation. The auxiliary
temperdture~meastrgment shall be observed at the local display, but the actual temperature

shall nat ‘he specifically controlled or externally measured with an accurate thermonjeter 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 applied to the input.
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Table 10 — Listing of functions of single variable transmitter

Related physical
Measured values (outputs) to be observed Sensor characteristics quantities to be
provided at input(s)
Type of Data flow
output path to: Source
5 £ |3
-§ Measured F % §< Quantity %
c Variable Measuring % >|°€ Measurement | Measuring @
3 range @ | _ |®~| principle range T | .
S 2| © ©l1eQ ® | 2
o c | — c | o ©
2 STz 8] 852 2|2
[5) T S |o +
x s| 2| S|4 |os '{ —~ i| &
1 Diff tial (0 to 5) kPa ( _500
ifferentia 1) i 0
predsure (0 to 100) S X X Capacitive KRa ressure ¥
kPa?

2 [Intefnal | -40 o +50 o | « R TD -40\to +1\os\\Te A4

temperature C /
Vs: s ngle variable. \/
2 At the range of (0 to 100) kPa a limited set of tests are fo be perfoxmed;<these tests shall be explicitly
indicated in the matrices of 5.7 and 5.8
%) The ipternal temperature shall be monitored at the |gcal\displ Any large deviations|to the
ambien{ temperature may indicate defects.

5.2.3
The fir ring the

measur¢ment is
controll
with the|
measur¢ment, t
signals gqui

d or ex

actual physi

b tested
| power
lectrical
mns.
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Table 11 — Listing of functions of composite variable transmitter

Related physical

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

Type of | Data flow Source
sensor path to:
Measured g é Measuring Quantit =
>| @ | 5 |Measurement range y €
Variable | Measuring =1 2| 2| oprinciple S
range O I B z S
2 § | 2] =|= S| =
o = R A R | 2
& © 5 o 5 ° A P g
= < - w w L~ o8 7]
1 |Medhanical (100to | C" X | X Strain (10 to 25 Tordud X
power 350) kW gauge kNm Y
Optical | (1004°SQO\| X X
encoder \p.m. P
2) N\
2 |Torque (1Oklt\lom25) S XX Strain gauge<m5)§ TC%JG X
3 |Spepd (0 to 500) | 8% X | X Optieal 0'te¢500) Sheed X
r.p.m. engoder~ Pt P
R ° 2)
4 12::' Dr;?Lture (0 to 50)°C S X \D) /(B\to})%’c Temperature X

Rie3 Composite variable. N \
2s: Single variable.

5.3

=
1]
Q
(7]
c
=
(]
3
(2]
=]
-
(2]
o
=

5.3.1 General

An evalpation s means
that the| measur bve that
the insfrument con¢ 3 i pesifications. This evaluation can however become very
expensi value to
full char

Therefof ference
conditios \ arious\reduced sets of measurements, which depend on the influencing
conditio :

5.3.2

For single variables, (as shown in Table 10) the procedures are described in 5.3.2.1 and
5.3.2.2.

5.3.2.1 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 upward and
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.
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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 zero 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 %.

5.3.2.2 Non-linear characteristic

shall be|
average
the makimum hysteresis and maximum repeatability errors shal
measuregments. The basis for calculating the repeatability shall g

The redjced set of measurements shall be agreed to by thé\partie

5.3.3 Composite variable
For composite variables, (as shown i ntity is
varied while the second is kept en the

measur¢ment circuit for the second quantity\i A i sis, the
procedure is repeated by varying the secek PN }

The redpced set of measuyp

5.4 Test facilities
5.41 Gener
Figure P illustrates

quantityf-ies) to
equipment can becorme

p. Depending on the type of transmitter pnd the
, the signal generator(s) and data acquisition

Influencing quantity

. Transmitter
Signal R under R Loqd/
generator i test "] receiver

A A

Input Relevant status | Output

measurement information measurement

A4
> < Output data
Control Control and < (digitised)

data acquisition

IEC 428/06

Figure 2— Basic test set-up
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5.4.2 Signal generator

The inputs to be applied to the transmitter shall be provided by signal generators traceable to
reference standards or reference materials. The applied signals shall be steady, stable and
free from drift over the period of measurement. If the signal generator contains periodic
variations, measurements shall be averaged by integrating over a sufficiently long period of
time by means of the so-called flying start and stop method. This means that the physical
quantity applied to the instrument under test is under steady and controlled conditions at the
required level during the measurement period (including the start and stop). This method also
requires an accurate time measurement.

The applied signal(s) shall have an accuracy of at least 10 times, or at a minimum 4 times, the
accuracy cpnr\ifind for the transmitter under consideration  For g tranemitter pro |d|ng a

composjte variable, each input requires a specific signal generator.

The dyrlamic properties of the signal generator(s) and the equipm input
and relgvant output signals shall be superior to the dynamic behauvi r under
test.

It shall be noted that signal generators shall be adequately i i isi to also
perform|the tests described in 5.8.

5.4.3 Output load/receiver

Current ad.
Voltage Ad.

The trapsmitter shall be glectci ter with
its fieldijus interface, as spe

With regpect to data fle cessary
for proper me ter and
fieldbus|master and off

5.4.4

The con visually
evaluatg ling the
various [Si the host
computer m

The overalls uncertainty of the measuring equipment shall also be calculated uging the

uncertaintiesof themdividuat measuringimstromentsused:

5.5 Transmitter under test (testing precautions)

Prior to starting the tests, the transmitter shall be adjusted, calibrated and tuned (initialised)
according to the manufacturer's instructions.

Before each test, the evaluator shall ensure that the transmitter is in an error- and fault-free
state and in its normal operational mode. Prior to each, test reference measurements and
checks are performed to determine shifts of the relevant characteristics during and after the
test and to observe the possible appearance of alarm messages, indicating a faulty status of
the instrument.
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An adequate time, as specified by the manufacturer, shall be allowed (after switching on the
power supply) in order to stabilize the transmitter and/or the associated test equipment. In the
absence of a specification, a period of at least 15 minutes shall be allowed.

The measurement points used to determine the relevant performance characteristic should be
distributed over the range. They should include points at or near the lower- and upper-range
values. There should be at least six measurement points, and preferably more. The number
and location of these measurement points should be consistent with the degree of precision
required and the characteristic being evaluated. Each measurement point should be reached
without any overshoot of the input signal.

At each point being observed, the recording shall be done after the device has stabilized at its
apparent steady-state value.

All testipg should be conducted with the instrument covers in plac ~>e in an
agreed mounting position, which shall be stated in the report.

Tests df a transmitter in a fieldbus system shall be c ¢ lynamic
behaviour of the fieldbus system and host computer hsmitter
characteristics. Preferably, transmitter tests are executedNn e % htion as
shown ip Figure B.1 and with a base load.

The host computer shall not be used
related @gpplications in order to avoid iRterf

5.6 I1eference conditions for perfo

gnal test conditions are listed |n Table
61298-1.

The ref¢rence values for
12. For more detailed inf

Table 12 —|Refeft i tal and operational test conditions

\/ \ Refergnckﬁon}igions

Ambient temperature 2 20C+ 2°
(\ \Q° 0 25 °£ recommended limits

Relative Humidi 65 % 5 %
% o 75 % recommended limits
See note

Atmospheﬂ&p@{u{e\ 86 kPa to 106 kPa
~\

Electroma gne%ﬁ{ld \ 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 its specified normal mounting positions
in accordance with the manufacturer’s instructions

Vibration The instrument shall be installed such as to avoid any effect of vibrations induced
from outside the instrument during the tests

3 Tests shall preferably be done within the specified reference atmospheric conditions. They may — by exception —

be done within the recommended limits; in no case shall they exceed these limits. When measurements within the
recommended limits are unsatisfactory, they shall be repeated under the reference atmospheric conditions.
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5.7 Test procedures for tests under reference conditions

Table 13 — procedures for tests under reference conditions

Designation Test methods and information Reference Additional
to be reported information
» Accuracy Measurements at least 3X in upward and IEC 61298-2
. . . downward direction at 10 % to 20 % intervals.
Single variable linear Data (terminal-based processed) shall be Clause 4

* Linearity errors plotted in a graph.

» Hysteresis

* Repeatability

» Accuragy Measurements at least 3X in upward and
. . . downward direction at predefined intervals.
Single variable non-linear | pata (processed as agreed) shall be plotted

» Confornity errors in a graph.

* Hysterepis

* Repeatgbility

* Accuragy Measurements of one quantity at leas
. upward and downward direction at

Multi-var|able intervals where the other quantity s ke

» Confornity errors

* Hysterepis

5&& %

* Repeatability

» Conformnity errors Measurements at téast 3X i IEC 61298-2 | Test may be skipped
auxilia;lll sensors downward direction at when sensfors are
Clause 4 not essentjal for
* Hysterepi correct opgration

is shall lotted i
Repeat3gbility N

Switchijng points digital ne Id \% \fo‘r/swnchmg from Optional tgst
input s¢nsors logic “1 vers

Functign blocks\/ \§ee An ex.C>

Dead bjnd cadureme \50//0 (10 %, 90 % optional). | IEC 61298-2

Subclause
4.2

Procedur¢ for dead ban

NS

* Slowly if etecting an output change. Note this signal as ;.

* Slowly d il detecting an output change. Note this signal as .

The differencel(W; — he dead band value. Measurement should be made 3 times; maximum value i$ quoted
as the de@d*hand. The test is for a transmitter with a composite 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
* The availability and settings (fixed or user-adjustable) of input filters shall be clearly reported.

* The dynamic response of a composite measured variable may be different for each of the involved single variables.
Unless otherwise agreed, the dynamic effects of the separate functions and a combination shall be determined.

» The dynamic behaviour of transmitters in a fieldbus can be evaluated in 2 ways:
= The host computer records the response in real time and stores it for analysis.

= A second fieldbus instrument provided with an analogue output receives the measured value over the fieldbus.
This output shall then be recorded with an external recorder.

« Dynamic tests in a fieldbus configuration are strongly influenced by the fieldbus cycle time and the fieldbus load.
When the cycle time is user-adjustable, it shall be set to the minimum value. Furthermore, the base load shall be
applied to the fieldbus system.
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Additional
information

Designation Test methods and information Reference
to be reported
* Frequency response Apply sinus signal with amplitude < 5 %, IEC 61298-2
starting at 0,01 Hz to a higher frequency at
which the output is attenuated to less than Subclause

10 %. Report: — 3dB point (relative gain 0,7); 5.3
phase lag 45° and 90° maximum relative gain
and corresponding frequency and phase lag.

The test shall be
performed until a
frequency of not
greater than 0,2
times the bus
frequency.

NOTE 1 For fieldbus instruments, this test may be skipped or may be performed for obtaining reference data in the

fieldbus system considered. The test results then include the dynamic behaviour of fieldbus system.
. Step response Apply successively at least 3 steps up- and IEC 61298-2
downward between 10 % — 90 %; 5 % — 15 %;
45 % — 55 %; 85 % — 95 %. Supclause

Determine step response time, dead time,
overshoot and settling time (see Figure 3).

For each type of step determine the average
unless the mutual differences are >30 % or
>2 s, whichever is the greatest. In that case,
the minimum and maximum values shall be

reported. Also report possible limit cycling.

NOTE 2 |For fieldbus instruments, this test may be skipped or may be pecform ining\reference pata in the

fieldbus slystem considered. The test results then include the dynamic i i us

For accuifate response time measurements, excluding the dyngmic i system,
signal geperator side (see Figure 2) should include a bus monitor {o/determine the~exact ti
function grrives at the instrument's input.

NOTE 3 |When a signal generator influences €¢he resporse tim¢, some apprepr steps shou
on the tyge of transmitters. E.g. apply steps dowqward\between 90 % t8 0 %.

the transdycer at the
me at which the step

Id be set depending

* Power fequirements Determine the maximum powercensuxption IEC 61298-3
and the conditions for jnput(s)>anthoutpdi(s)
at which it appeats. “ 1S;b10|ause

NOTE 4 |[For loop-powered ana gue\&(to 20) ansﬁtjter termine the voltage over the
in

terminals af 100 %

imum vpltage or current at which the instrument cap still

input. Forlfieldbus powered ftransmitters, d m
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
During and/or after the tests described in this Subclause (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 5.8.1.1 to 5.8.1.5 give guidance on the use of the Tables 14 to 18.

5.8.1.1 Accuracy columns
Measurpd variable
Determine the relevant data flow paths for each quantity to be me N single
variablel and multi-variable transmitters, this column has to be spl' solumns
equal tg the number of the determined relevant data flow paths. ble 11,
the column shall be split into six sub-columns for torque, r.p.m display
and at the external system.
The symbols used in this column are:
Cr  =]reduced characteristic (zero and span shiff f ctéristi agreed
number of measurement points.for non-

P = point measurement.
Pr = point measurement with recordingnduring
X = test or check as described bel
NOTE It|is advised to apply to i i i imately 2 %
during a Pr type point measurément i g i i rily into a
“hold” stdte. With a stead 3V 3 Y, er, when
applying @ tri
Auxiliafy funct@
Auxiliary analogue number
of releyant auxilia buxiliary
function

C ll1ll.

reading

intermediate data at electrlcal 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.

— The converted (digitised) sensor signal before being processed (A/D output).
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5.8.1.2 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 of unobstructed access to the
instrument via local pushbuttons and undisturbed read-out of data via local displays.

Check the communlcatlon via a fleldbus Thls comprlses of unobstructed access to the

instrume lays.
Also check the communication in both the human and external sy elays or
tempordry stops as a result of the applied test.

Software configuration

Check the software configuration for any corruption or charge d ' ondition
with respect to integrity of user-accessible data, functions— i

Diagnostic messages.

Check tiagnostic displays (local and 3 A ' i iagnostic
messages and process alarms that ma 3 i iti

Instrume ) N either
automatically or initiated by the operatr in [ . i Tement is
not fully ’ 3 nt with
the ope

5.8.1.3

Step re

Introdug 6 ; e for the
output fo reach i i . imifl cycling
appears j

Stabilit

Check stability of the instrument at 10 %, 50 % and 90 % input] Report

obvious| instability imit cycling. In the last case, also report the amplitude apd cycle
time. In| case “‘oNinstability or limit cycling, perform the auto-tuning procedure and report the
resulting changes ofthe 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.

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.
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5.8.1.4 Time of measurements

:2006(E)

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.

A = shift measurements with respect to initial measurements before the test and

observations after test.

5.8.1.5 Test method rows

standar@ls mentioned in the reference column. When they exceed the’s
levels shall be reduced unless the manufacturer explicitly agrees on

The tedt levels mentioned in the test method rows, are preferred levgls deﬁ\%:\i
ifications

5.8.2 Process domain

5.8.2.1 General

fom the
the test
indard.

In the pfocess domain, the performance of a transmittér can s by disturbanceés in the

sensor |subsystem that originate at the process (and 7
divided |nto two sub-domains:

— sendor disturbances;

— wirirlg disturbances.

5.8.2.2

NOTE T
conditiong

m properties, medium conditions and i
necessary.

Moreover se tests- need tg/be defined in detail, by taking into account the
objectives

lectrical
main is

stallation

bvaluation
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Table 14 — Methods for testing immunity to sensor disturbances

Designation Accuracy Dependability Stability References
D
c
S 5
2| = | & @ 2
El5|2|8|8]|% S 5
[0) e = o S » =
S18|z|3|5| 2| | 8 =
® = © > = o [0} Q Q
s | S|z | e | 8| 5| ®%]| €E| 2 £
Q > 5 ®© o o 1] ) 1) @
1S 3 o 5 = o = = a S
Y = — [0} o — =} @ ] > T
o > @ £ 2 o g Q e = ®©
o | 2| €| 5| | E|E| | |32
E|2| 5| | &5|%5|&8| 8| &|=|S3
= = [ £ [a] (%) O [s) [2) n <
Input ov D | P¥ X | X X | X
P Frrange A | Cr X | X | X | X | X
Test method Overload each separate sensor with the maximum permitted erve the
behaviour of the transmitter during the overload period. After, at 50 %
input, measurements and observations shall be performed.
NOTE 1 This test can damage the transmitter under test™\{ s b the last
test. Safety measures may also be required.
Effect offmedium D |Cr| X | X X | XRXN\] X
properti( S A Cr X X X i\ )\ X
Test pargmeters Depending on the physical quantity to be asurethanththe Mea uerinciple usgd, the
influence of the following properties can be copsidereq;
* density

« conductivity

* magnetic permeability
* viscosity

* corrosiveness

e transparency

e C
* veloc

O

ica
)
Effect oflmedium Cr | X NX, [\X Dl X | x [ x [ x [ Xx

conditiohs X X X X X

Test pargmeters sieg@)quantity to be measured and the measuring principle fised, the
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Designation Accuracy Dependability Stability References
D
£
5 <
2 | ~ S| 5 2 e
25|28 8¢ g g
o s R = - =) c 1) 2
2121 & 8| °| 2|6 8| g 5]
@ © = o) @ S s £ o £
[} > § Tu' o o o o) o 0
1S 3 © S = S = = o =
Y— o — o) D fust > 12} a > ko)
o > @ £ 2 o g Q o £ ®©
o 8| £ = e | 2 £ o | o| B o)
E|le| 5| |5 |B%|s5| 8| 2| 8|3
= = L £ [=] n O a %) n <
Effect of D |Cr| X | X | X X | X | x| X
installation
conditiops e
Test pargmeters . mounting position of the sensor assembly
NOTE 2 This test is only applicable to instruments that are jr design,
to the mounting position of the sensor assembly. The part|s i >n other
positions other than those mentioned below, including ups
The sensor assembly shall be tilted £10° and £90° in nes from
the agreed reference position. In every position, ervations

shall be made.
. Flow profile disturbances
NOTE 3 This test is specific to the evalyation_of flowmeters and\ransmitters whigh have a

flowing medium passing through the sensor. The \ay i i dused by:
upstream valves, piping geometry (space ¥ - , , i anges all
with agreed geometry), {ng isali ipi C.

. Electrical current through
. Layer built-up in or on
. Degree of heat insu tion

a)

See 4.8.1.1 under ' measuMabeoﬁQ

5.8.2.3 Wir| bances

Tab ethods forntésting immunity to wiring disturbances
Designation~_ Ac&u'\acy Dependability Stability Referencep
\ \/ ()]
c £
1 \\\ 2 E
NN | & o 1
| 2| 8| &% > 3
[ Kl = S » =
S8 | 2|35 | 2| 5| 2 <
& @ 2 z » € 2 2 3 g
| S| T | | 2| s | ®|E| < £
el || 82101218 3
S S s |t |E| 8|2 c 8|23
2 @ £ > £ £ € <) a a o)
E|l 2|5 |8 |s|%|s5|&| 2| &S5
= = Iy £ [=] (%) O a n n <
Earthi D Cr X X X X X
arthing Alcr| x X X | x X
Test method Successively connect each electrical terminal (sensors, outputs, fieldbus) to ground.
NOTE 1 Take care to eliminate any effect(s) due to earthing of the input signal source(s).
Line i d D Cr X X X X X
ine impedance A Cr X X X X X
Test method Introduce an impedance corresponding to the specified type of wiring between the sensor and
transmitter body. It may be agreed to limit it to a resistive impedance instead of a full
resistive/capacitive/inductive simulation.
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Designation

Accuracy Dependability Stability References

Intermediate values
Software configuration
Auto-adjustment/auto-tuning

Step response

Line break

> O|Time of measurement

U Y|Measured variable(s)

X |X|Further auxiliary 1/0

X X|Damage/loss of operation
X |X|Communication

XX |Diagnostic messages

X X | Stability

Test method

hil be
shall be

Bms, in

Each relevant electrical connection (sensors, electrical outputs, co
interrupted for 5 min and the change in operation and measurem

observed and reported. At the moment of line break, the input a
Check the instrument for line break detection and the availa@

case of line break.

. D Pr X X X X X
Short cincuit A P X X X X X\ \ \
Test method Short-circuit each relevant electrical connection ensoxs,\eledtrical outputs,

urement during the

communication) for 5 min and observe the ch imoperati
test. Before short-circuiting, the inputs shail be at % 3Hcthe insttrument can be cdnfigured
for certain actions, as a result of short-circuit detectiom\theseshalf also be investigated.

Commor mode
interference

D |cr| x X XN \X A/, X IEC 61298-3

A|cr| x AN /X Px =] x| 2 | Subclause 13.1

Test method

-circuw isolated from earth. Carg should
be taken so that the input si )isn cted by the common mode fest

signal.
Superimpose a signal of\250 i{th™variable (360°) phase between earth and| the
relevant i \ cifies a lower value. A 10 kQ resistof shall
be connectedNq geries Wi /
Themrepeat thetest usin .¢l. voltage or a voltage 1 000 times the input|span,
whichever jg less, urhe%s\the urer specifies a lower value.
Series mode XN S x [ x X IEC 61298-3
interferepce \)\ X X X Subclause 13.2

Test method

pligs to transmitters with a remote sensor assembly. For dpvices
pUt and output circuits, the electrical output circuit should be

ircuit, apply a 50 Hz series mode voltage with variable (360°) phas¢ and
characteristics”show shifts of 0,5 %. Then, increase the voltage to 1 V and perform|further

nt inputs, apply a series mode current signal with an amplitude of 10 % peak-to-

Conductpd(RF
disturbahces

X X X X
X X X X X X

IEC 61326

Test method

The test shall be performed according to IEC 61326. The RF signal level shall be 3 V in the
frequency range of (0,15 to 80) MHz.

During the test, the inputs shall be at 50 % and the relevant outputs shall be recorded.
Temporary and permanent effects on operation and measurement characteristics shall be
determined as functions of the interference signal frequency.

Electrical fast
transients (Burst)

D Pr X X X X
A Cr X X X X X X

IEC 61326

Test method

The test shall be performed according to IEC 61326. Electrical fast transients of 1 kV shall
be applied to the relevant cables (I/O, communication) between the various subsystems of
the transmitter.

During the test, the inputs shall be at 50 % and the relevant outputs shall be recorded.
Temporary and permanent effects on operation and measurement characteristics shall be
determined as functions of the interference signal frequency.
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Designation Accuracy Dependability Stability References
(o)}
£
S 5
2 | = S| 5 @ 2
2lg|2|8| 8% 2 g
g o Pl 3 - o c 3 2
2| S| &|S|S| &8¢ g o
s| S| x| e| 8| &§|=®|E|E =
o = © o o 5] o S @
E | 3 R I € | = a 3
Y— 9 Pl 8 <) 9 > 1] @ > ko)
5| 5|5 | g| 8| ¢e|E|ele|lZ|®
o 8 | £ = e | 2 € o | o | B a
E|l 2|5 |8 |s|B|s|&| 2| &S
= = g £ [=) (2] O a n n <
D Pr X X X X
Surge A Cr X X X X X X IEC 61326
Test method The test shall be performed in accordance with [EC 61326 at £ 1 kV/line to
During the test, the inputs shall be at 50 % and the relevant uts_shalicheecorded.
Temporary and permanent effects on operation and measur nt charadteristies| shall be
determined as functions of the interference signal frequenc
5.8.3 Utility domain
Tabre 16 — Methods for testing the immunity to/disturban€es of the power utilities
Designa‘ion Accuracy Dependapi}i{y\ / $\tabh‘ity Referencep
N
5 D %
|3 N S 4 £
E|lT |2 8 ~ S 3
[ Qo > 2 - =} 7] E
2 2 k] g ° = O \§\>‘” o
© © = o n c = 7] e
o | >2AE | = 3 T\8 5 B
£ Q 5 3 @ = ; S =
s N BRSO 2| 2] 3
o < 1S 3 !
eNENE el B 5| 3 ¢
= [ £ \Q a [2) [2) <
C
Supply voltage/  /TND INCr | % NX RXN D x| x X 1 X1 |EC 61298-3 Subclause 12.1
frequendy variation /R <Qr i\ R\ R\ X X X X
Test method itters Wi Wower supplies, apply the following variations:
nominalyalue + 10 %/-15 %, in combination with frequency variations of
inal, or manufacturer's limit if less, resulting in 9 sets of measurements.
ominal value +20 %/-15 % or manufacturer's limit if less.
itters determine:
9 minimym voltage with 250 Q load for the instrument to maintain a 100 % electric output
iimdm current for the instrument to provide correct digital output (local or remote via fieldbus).
i D P X X X X
Transient supply N} Pr IEC 61298-3 Subclguse 12.2
voltage gffects \A/ Cr | X X X | X X
Test method From the nominal voltage, step changes (rise time < 1 ms), of + 10 % (a.c. supplieg) or 20 %
(d.c. supplies) and -15 % shall be applied for 10 ms, 100 ms, 1 000 ms and 10 000 ms and
the output shall be recorded. Sufficient steps shall be applied to characterize temporary or
permanent effects and recovery time for the relevant outputs.
D Pr X X X X
Supply voltage IEC 61298-3 Subclause 12.3
depression A P X X X X X
Test method The sensor signal(s) shall be such that the output(s) of the transmitter is (are) at 100 %.
Then reduce the supply voltage to 75 % of nominal value for a period of 5 s. The rise time
should be no faster than 100 ms in order to avoid transients. Report transients in percent of
span and distortion and recovery times after restoring the nominal supply.
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Designation Accuracy Dependability Stability References
()]
c £
S 5
S © g =
c lov hat o) [%2] o
o) o © =2 0] =
Elo |2 8| 3| FE 2 ®
J] e} =) © S @ =
5 © Pl © ‘c =) c 7] c
® = ®© > = o o} o [}
S| S| 5| e| 8|65 | 8| E| S £
2 3 © o 3] 3] o o) 3
IS 3 T 5 = o ‘€ = aQ S
[ 7] =
Y fust o b} > fust = [} 3 > ko]
° 2 e IS @ g IS 2 = = ®
e ® = = £ 2 g (o) a | B o)
E| 8| 5| 88|55 |%5|s|&| 2|l 3
= = [y £ [} (%) O a 2] [2) <
Power 2 Pr X X X X IEC 61326
interruptions A P X X X X X X

Test method

5 ms, 20 ms, 50 ms, 100 ms, 200 ms and 508-Tms.

determined as functions of the interference signal frequency.

Harmonif D | Cr X X | /A X }C 61298-3 Clauge 14

distortiop A Cr X X X_ (X ] R\

Test method Apply harmonic distortion (second_{to fiftk~hafmohiss, or\as agreed) to the funpgamental
supply frequency. Dist o2 % and{10 h e used and the phase ghift shall
be varied through 360°. instrinent’s_outpiit(s) shajl successively be adjusted to 10 %
and 90 % before the test.

Conductbd RF X OROX X

IEC 61326
disturbapces \ X
Test method IEC 61326. The RF signal level shall be 3 V
,15 to 80) MHz.
50 % and the relevant outputs shall be fecorded.
cts on operation and measurement characteristicg shall be
rference signal frequency.

Electrlc1l fast X X X IEC 61326

transients (Burst) X X X X

Test method Wed according to IEC 61326. Electrical fast transients of 4 kV shall

cted e power supply circuit.
test\the inputs shall be 50 % and the relevant outputs shall be fecorded.
r permanent effects on operation and measurement characteristicg shall be
4 \dqtermin d as functions of the interference signal frequency.

Surge \ \g\ IF;’:) X ; X ; i i IEC 61326

Test method West shall be performed in accordance with IEC 61326 at test levels of respecfively £ 1
kV peak line to line and = 2 kV peak line to ground.
During—the—test—the—irputs—shalbe—at0-So—and—the—relovant—ouiputs—shallbe—fecorded.

Temporary and/or permanent effects on operation and measurement characteristics shall be
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5.8.4 Environmental domain

Table 17 — Methods for testing the immunity to environmental disturbances

Designation Accuracy Dependability Stability References
(o)}
£
S 5
- = c =
c | = = k) B 2
S Flo|l gl &% S 3
213|235 |%s|3|c| 8 £
3 5|2l z|alE2| 88 2
s > = 2 @ 9] @ c =
- N E-E - 8
= @ © 3 [ o 5 @ @ > | ©
R e
E| 3| 5|2 B g 2| 8| 3
E|l=|Z2|E|8|3|8|alsa|al /\(
Ambient|temp: D|C| X | X | X X | X | X | X AMNEC 6006832-1
performance AJCr| X | X | X X | X | X | X < \PE 600682+
i raﬁ’gé, but not

Test method The transmitter is submitted 2 times to ambient temper
exceeding the manufacturer's specified operating tem
+ 60 °C, + 85 °C, +20 °C, 0 °C, — 20 °C, — 40 °C,
Allow sufficient time (not less than 4 h) for stabilizati perature. Perfom, at
the end of each stabilization period, the rele cks. Perfoqm the

°C,

jrig temperatures, |+ 20 °C,
minimum specified operating tempergature, u pecified operating temperatufe, and +
20 °C after the test maybesuffici€nNandracceptable. )

Ambient|temp:
operabil(ty

itter (for at least 6 h) to the minimurp and
eratures. Then, switch the power on apd check

Test method

rmed./Any differences with respect to initialization| at room
ifferences may be different parameters, increaged time
urd.or shifts of characteristic.

X X X IEC 60068-2-78
X

Relative humidity X X X

mospheric’conditions of the transmitter shall be changed from refergnce

+ 2°C and to 93 % + 2 %/-3 % RH in 2 h. Maintain the transmifter in
for at least 48 h. For the initial 4 h and the final 4 h, the instrumenf shall
tween, the power shall be switched off. After the 48 h period, the|relative
N iditiand témperature shall be lowered (in 2 h) to and kept for at least 4 h at reference

Test method

end of the initial 4 h, while still under power.
» Dijrectly after powering up the transmitter in the final 4 h period.
t the end of the final 4 h.
« At the end of the 4 h period, after the test at reference atmospheric conditions.

Mounting position | D | Cr | X X X | X X IEC 61298-3, Clause 9
A Cr X X X X X
Test method This test is only applicable to transmitters that are inherently sensitive to the mounting

position. Positions other than those mentioned below may be agreed upon.
Tilt the transmitter £10° and £90° in 2 mutually perpendicular planes from the reference
position. In every position, relevant measurements shall be made.

Drop and topple D | Pr X X | X IEC 60068-2-31
P PP A Cr X X X X X
Test method The transmitter sits in its normal position on a smooth, rigid surface of concrete or steel. It

is tilted over one bottom edge until the distance between the opposite edge and the test
surface is either 25 mm, 50 mm, or 100 mm (value chosen by agreement), or the angle
made by the bottom and the test surface is 30°. In the less severe condition, it is then
allowed to fall freely on to the test surface.

The transmitter shall be subjected to one drop about each of four bottom edges.
NOTE 2 This test may be skipped if there is no need or requirement for transmitters.
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— 39 —

Designation Accuracy Dependability Stability References
D
c £
S 5
— © c 1
c — o ) [} [e]
[} @ [} = [} 5
£ ] o ] =3 ® o 3
s s3] 2|85 9 g
2| S| S5 | 28| %]|g 5
] © = 0 € = ] £
8 S| 2| 2| 2 S g | E c £
S © o () o &) o %]
1S ° © S = o c = Qo =]
5| S| 5| 8| 8| &8|2|8|8|2|%
° 3 g £ (o] 2 £ c = = ®©
g ®© b 5 c £ £ o)) aQ o i)
£ ) 5 = © 9] [} o o 8 =
= = [ < [a] (2] O a %) 2] <
Mechanical D | Pr X X | X X IEC 60068-2-6
vibration A Cr| X X X X X

Test method

Test preparations

of the vibration frequency.

Execution of test

The test consists of threg"distinct

frequency range of (10 to 500) Hz at the following level: fro
amplitude and from (60 to 500) Hz at 19,6 m/s? accelera

Mount the transmitter rigidly on the vibration machine’s test tabl

P

s

bracket.

da

function

ord.

magneti¢ field

Idengical to
COrrespo spect to initial resonance search shall be noted.
Power freq. N P | ¥ X | X X
A \R X X X X X X IEC 61326

Test method /Qi;e&\s:; be/perfermed according to IEC 61326. The transmitter shall be exp¢sed to a
magnetic figld ©f 30 A/m (r.m.s.), 50/60 Hz directed along its major axis.

Radiateg D\| Re X X | X X

electromagnetic K\Q \</ X X X X X IEC 61326

interfere

Test met \ test shall be performed according to IEC 61326 at a test level of 10 V/m
Dyrin e test the input shall be at 50 % and the instrument’s output shall be recofded as a
funotion of frequency for determination of temporary and permanent shifts.

Electrostatic N[ Pr X X | X X EC o326

discharg_es A Cr X X X X X X

Test method

Electrostatic discharges in accordance with IEC 61326, (contact: 4 kV, air: 8 kV) shall be
applied to metal parts of the transmitter most likely to be touched by personnel during
normal operation and maintenance.
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5.8.5 Time domain

Table 18 — Methods for testing the immunity to degradation in time

Designation Accuracy Dependability Stability References

Further auxiliary 1/0
Intermediate values
Dgmagel/loss of operation
Software configuration

Stép response
Auto-adjustment/auto-tuning

> | O| Time of measurement

U UY[Magasured variable(s)
X | X|Diggnostic messages

X X|Cdmmunication

> x| stability

Start-up [drift

(
/é&&%% se 7.1

Test method Prior to test, subject the unpowered transmitter to the referexnce o

outputs and shifts shall be measured. Repeat test with 1
Long-term drift i 2:: § ; § ; i X\\\ { 61298-2 Subclayse 7.2
Test method Operate the transmitter for 30 days with a/Steady input.sighal to provide 90 % outplit(s).
Record the output(s) at least once per dayy. cord the iputs and output(s)
automatically every hour or even moye fxe e shall be taken to ensure that
changes due to environpfental co not mask the effects pf long-

term drift.

The long-term drift is the ed output observed during fhe test

NOTE 1 From sufficient aut ts, a trend drift/month may be derjved.
i D Ci
Accelerated life r X X \ :\; \X X X IEC 61298-3 Clajse 23

test X X X

feable to/instruments that are inherently sensitive tolageing
e measured quantity(ies).

Test method

sinusoidally over 100 000 cycles (unless agreed ojherwise)
jes approximately from 5 % to 95 %. Adjust the frequenfy to a

g ar intervals of 10 000 cycles (or others to be agreed) in order to
t measurements and observations. Any malfunction during the test period

6 Other considerations

6.1  Safety

The transmitter shall be examined to determine the degree to which the design protects
against accidental electric shock, in accordance with IEC 61010-1.

For application in hazardous locations, a transmitter shall be certified by an authorized body, in
accordance with the relevant parts of IEC 60079.

6.2 Degree of protection provided by enclosures

If requested, tests shall be made in accordance with IEC 60529 and IEC 61032.

6.3 Electromagnetic emission

If required, emission measurements shall be performed in accordance with CISPR 11.
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6.4 Variants

Important variants or options listed by the manufacturer shall be described in the report.

7 Evaluation report

After the completion of the tests, the evaluation report shall be prepared in accordance with
IEC 61298-4.

The results of the design review and the details of the test results shall be reported as

indicate

The foll

d in 4.2.8 and Clause 5 of this standard.

bwing supporting information shall also be included in the evalu
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Annex A
informative

Dependability testing

A.1 General

NOTE The Dependability testing methodology given in this annex is only relevant for instruments that have
provisions for self-testing and/or are equipped with redundant parts and/or can communicate their state to an
external system. These tests may be part|cularly |mportant for transmltters that are to be used in safety-related
applicatiops—Manufacturers—are-urged ograte-the-test-methods—described hei-desigaprocess-

—  Hum

The act
expert ff plains in
detail th \ he most
critical areas in the design, and determines wh 3 i . is gurpose,
the man j ) ingrams.
The infg

with an

— The
— The
— The

Furtherr , Ee ¢ N ; :
— The a{u}r i i .9.| special
clamps fitting\far iPeUi i i ircui LB) with

acce

— The;s If the
man bst shall
not ment shall then be included in the test report. On the other

realistic

The transmitterunderest shall only be challenged by single failures.

A.2 Design analysis

The design analysis leads to a schematic as shown in Figure A.1. This schematic, including the
points where failures have been injected, shall be published in the evaluation report.

A.3 Reference conditions

NOTE 1 For details on domains and cycle times, refer to 4.1 of |IEC 62098. Some qualitative aspects of
dependability are considered in 4.2.6 of this part of IEC 60770.

Dependability testing, in the context of this part of IEC 60770, provides a method for injecting a
hardware fault (hardware domain) and maintenance errors (human domain) and how the trans-
mitter behaves after faults and errors are introduced. The tests not only apply to stand-alone
transmitters, but to transmitters connected to a multi-instrument fieldbus. In the latter case, the
communication link and the other instruments shall not be influenced by a transmitter failure.
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