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INTERNATIONAL ELECTROTECHNICAL COMMISSION

REFERENCE CONDITIONS AND PROCEDURES FOR TESTING
INDUSTRIAL AND PROCESS MEASUREMENT TRANSMITTERS -

Part 5: Specific procedures for flow transmitters

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to 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.

International Standard IEC 62828-5 has been prepared by subcommittee 65B: Measurement
and control devices, of IEC technical committee 65: Industrial-process measurement, control
and automation.

The IEC 62828 series cancels and replaces the IEC 60770 series and proposes revisions for
the IEC 61298 series.

The text of this International Standard is based on the following documents:

FDIS Report on voting
65B/1179/FDIS 65B/1181/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2
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This International Standard is to be used in conjunction with IEC 62828-1:2017.

A list of all parts in the IEC 62828 series, published under the general title Reference conditions
and procedures for testing industrial and process measurement transmitters, can be found on
the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.
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INTRODUCTION

Most of the current IEC standards on industrial measurement transmitters are rather old and
were developed having in mind devices based on analogue technologies. Today's digital
industrial and process measurement transmitters are quite different from those analogue
transmitters: they include more functions and newer interfaces, both towards the computing
section (mostly digital) and towards the measuring section (mostly mechanical). Even if some
standards dealing with digital transmitters already exist, they are not sufficient, since some
aspects of the performance are not covered by appropriate test methods.

In addition, the existing IEC test standards for industrial and process measurement transmitters
are spread over many documents, so that for manufacturers and users it was difficult,
impractical and time-consuming to identify and select all the standards to be applied to a device
measuring a specific process quantity (pressure, temperature, level, flow, etc.).

To help the manufacturers and users, it was decided to review, complete and reorganize the
existing IEC standards on the industrial and process measurement transmitters and to create a
more suitable, effective and comprehensive standard series that provides, in a systematic way,
all the needed specifications and tests for the different industrial and process measurement
transmitters.

To solve the issues mentioned above and to provide an added value for the stakeholders, the
new standard series on industrial and process measurement transmitters covers the following
main aspects:

e applicable normative references;
e specific terms and definitions;

e typical configurations and architectures for the various types of industrial and measurement
transmitters;

e hardware and software aspects;
o interfaces (to the process, to the operator, to the other measurement and control devices);

¢ physical, mechanical and electrical requirements and relevant tests; clear definition of the
test categories: type tests, acceptance tests and routine tests;

e performances (their specification, tests and verification);
e environmental protection, hazardous areas application, functional safety, etc.;
e structure of the technical documentation.

To cover in a systematic way all the topics to be addressed, the standard series is organized in
several parts. At the time of publication of this document, IEC 62828 consists of the following
parts:

o |EC 62828-1: General procedures for all types of transmitters

o |EC 62828-2: Specific procedures for pressure transmitters

o |EC 62828-3: Specific procedures for temperature transmitters

o |EC 62828-4: Specific procedures for level transmitters

e |EC 62828-5: Specific procedures for flow transmitters

In preparing the IEC 62828 series (all parts), many test procedures were taken, with the
necessary improvements, from the IEC 61298 series. Because the IEC 61298 series is currently
applicable to all process measurement and control devices, when the IEC 62828 series is
completed, the IEC 61298 series will be revised to harmonize it with the IEC 62828 series,
taking out from its scope the industrial and process measurement transmitters. During the time

when the scope of the IEC 61298 series is being updated, the new IEC 62828 series takes
precedence for industrial and process measurement transmitters.

When the IEC 62828 series is published, the IEC 60770 series will be withdrawn. Documents
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REFERENCE CONDITIONS AND PROCEDURES FOR TESTING
INDUSTRIAL AND PROCESS MEASUREMENT TRANSMITTERS -

Part 5: Specific procedures for flow transmitters

1 Scope

This part of IEC 62828 establishes specific procedures for testing flow transmitters used in
measuring and control systems for industrial process and for machinery control systems. For
general test procedures, reference is to be made to IEC 62828-1:2017, applicable to all types
of industrial and process measurement transmitters.

This document — together with IEC 62828-1:2017 — is the reference standard for testing every
type of flow transmitter, not only for liquids but also for gases and for steam.

In this document, "industrial flow transmitters" consistently covers all types of flow transmitters
used in measuring and control systems for industrial process and for machinery.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 62828-1:2017, Reference conditions and procedures for testing industrial and process
measurement transmitters — Part 1. General procedures for all types of transmitters

IEC 61987-12, Industrial-process measurement and control — Data structures and elements in
process equipment catalogues — Part 12: Lists of properties (LOPs) for flow measuring
equipment for electronic data exchange

ISO 4185, Measurement of liquid flow in closed conduits — Weighing method

ISO 17025, General requirements for the competence of testing and calibration laboratories

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62828-1 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1 Terms related to the flow transmitters

3.11
adjustment
properties characterizing the means provided for the adjustment of a device

[SOURCE: Identifier ABC081 in the IEC common data dictionary] Documents
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3.1.2

calibration

operation that, under specified conditions, in a first step, establishes a relation between the
quantity values with measurement uncertainties provided by measurement standards and
corresponding indications with associated measurement uncertainties and, in a second step,
uses this information to establish a relation for obtaining a measurement result from an
indication

Note 1 to entry: Calibration may be expressed by a statement, calibration function, calibration diagram, calibration
curve, or calibration table. In some cases, it may consist of an additive or multiplicative correction of the indication
with associated measurement uncertainty.

Note 2 to entry: Calibration should not be confused with adjustment of a measuring system, often mistakenly called
"self-calibration", nor with verification of calibration.

Note 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.

[SOURCE: ISO/IEC Guide 99:2007, 2.39]

3.1.3

fluid

general category for gases, steams and liquids, which are substances that continuously deform
under the action of shear stress and at rest cannot withstand shear stress

3.1.4
maximum flow rate
corresponds to maximum measurand regarding flow rate Q.,,,, and this Q,,,, can be also the

maximum working flow

3.1.5
minimum flow rate
corresponds to minimum measurand regarding flow rate O,;,, and this O,,,;, can be the minimum

working flow

3.1.6
nominal range
range of indications obtainable with a particular setting of the controls of a measuring instrument

Note 1 to entry: The nominal range is normally stated in terms of its lower and upper limits. Where the lower limit
is zero, the nominal range is commonly stated solely in terms of its upper limit.

[SOURCE: IEC 60050-311:2001, 311-03-14]

3.1.7

pressure loss

static pressure difference between the inlet and the outlet of a flow meter or flow meter package
(consisting of flow meter, inlet/outlet pipe sections and flow straightener or any other flow
conditioning device), to be given as function of flow rate and viscosity

3.1.8

Reynolds number

dimensionless quantity characterizing the flow of a fluid in a given configuration characterized
by a specified length [, defined by Re = pvi/ n = vl / y, where the fluid is described by its mass
density p, velocity v, dynamic viscosity 5, and kinematic viscosity y

[SOURCE: IEC 60050-113:2011, 113-03-36, modified — In the definition, "quantity of
dimension 1" replaced by "dimensionless".]
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3.1.9
zero and span adjustment
means provided for adjusting the zero and span

[SOURCE: IEC 61987, ABA896 modified]

3.1.10
viscosity
for a fluid with laminar flow in x-direction, thus for which vy = v, = 0 and v, = v, (z) 2 0, where x,

y, z are Cartesian coordinates, scalar quantity characterizing internal friction

Note 1 to entry: The coherent Sl unit of dynamic viscosity is pascal second, Pa-s.

[SOURCE: IEC 60050-113:2011, 113-03-34, modified — The end of the definition has been
omitted.]

3.1.11
voltage fluctuation
series of voltage changes or a continuous variation of the RMS or peak value of the voltage

[SOURCE: IEC 60050-161:1990, 161-08-05, modified — The note has been omitted.]

3.2 Terms related to the flow velocity

3.21
assigned flow velocity range
properties characterizing a range configured at the factory for flow velocity

[SOURCE: IEC 61987, ABD493]

3.2.2

maximum flow velocity

highest flow velocity for which a device is or must be designed to operate within its specified
limits

[SOURCE: IEC 61987, ABF560]

3.2.3

span for flow velocity

difference between the upper and lower range of flow velocity to which a flow velocity
measurement instrument is adjusted.

[SOURCE: IEC 61987, ABD435]

3.24

line-pack effect

uncertainty contribution due to the compressibility and the time delay at flowing pressure and
temperature in pipelines

Note 1 to entry: A pipeline, particularly in the oil and gas industry is used to transport natural gas over long distances
and can also be used to store that gas before and during transportation. Noteworthy, the compressibility of the gas
allows the storing of gas in pipelines to be performed temporarily. This technique is called "line packing", i.e. a
method used for providing short-term gas storage in which natural gas is compressed in transmission lines, providing
additional amounts of gas to meet limited peak demand.
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3.3 Reference to the IEC common data dictionary (CDD)

The IEC common data dictionary (CDD) contains a classification of measuring devices with lists
of properties for the device types most often met in practice. These properties can be used to
describe the performance of a device, the effect of any quantities influencing its performance
as well as the reference standards against which it was tested with test results.

Each property has a unique identifier, e.g. ABB551, which is quoted in this document as
appropriate. By entering the appropriate properties in the LOPs, it is possible to exchange test
results electronically between interested parties. The CDD is to be found at the following
address: http://std.iec.ch/cdd/iec61987/cdddev.nsf.

The various measuring devices are to be found in the domain "Process automation (IEC 61987
series)"; ABAOOO — Equipment for industrial-process automation; ABV000 — Characterization;
ABA0O1 — Measuring Instruments. The device characterization is also to be found in
IEC 61987-11.

4 General description of the device

4.1 General

As flow transmitters have many kinds of classified types and various features, more detailed
type and feature information of flow transmitters can be found in IEC 61987-12 (see flow
Process Measurement Transmitter (PMT)). Table D.1 in Annex D is a summary of the flow PMT
described in IEC 61987-12.

4.2 Differential pressure flowmeters

All flowmeters that use differential pressure to calculate flow rate, i.e. Venturi tubes, Venturi
nozzles, orifice plates, nozzles, pitot tubes. These meters constrict the flow in the pipe by using
some form of primary element.

The relationship between measured differential pressure and flow rate is a function of:

— tap location,
— primary element design,
— up-stream and down-stream piping, and

— discharge coefficient, which minimizes effects of actual flow rate against theoretically
calculated flow rate.

The output of the flowmeters is the flow velocity, which is proportional to the square root of the
differential pressure divided by the fluid density.

4.3 Velocity flowmeters

All flowmeters where the velocity of the fluid inside the meter is the basis for the calculation of
flow, i.e. turbine, electromagnetic, vortex, ultrasonic, variable area meter.

The output of the flowmeters is proportional to the flow velocity and the pipe cross section. The
relationship between the change of velocity and flow rate is approximately linear.

4.4 Volumetric flowmeters

All flowmeters where the output corresponds directly to a certain volume of fluid passing through
the inside of the meter, i.e. positive displacement meter.

The output of the flowmeters is proportional to the displaced volume. Documents

Document Sharing Hub

Full document details: IEC 62828-5-2020


http://avadocuments2026.com/doc/iec-62828-5-2020
http://avadocuments2026.com/doc/iec-62828-5-2020

IEC 62828-5:2020 © |IEC 2020 -1 -

4.5 Mass flowmeters

This includes all flowmeters where the output corresponds directly to a certain mass of fluid
passing through the inside of the meter, i.e. Coriolis mass flowmeters, thermal mass flowmeters.

5 Reference test conditions and service conditions

The corresponding clause of IEC 62828-1:2017 applies in full, both for reference test conditions
and for service conditions.

6 Test procedures

6.1 General

Clause 6 of IEC 62828-1:2017 applies, with the following additional requirements, applicable to
any fluids: liquid, gas and steam.

There are several methods used for flow calibration and testing: comparison against a reference
meter is one of them. For more accurate measurements, primary methods such as gravimetric,
or pressure-based or volume-based references shall be preferred.

Table A.1 in Annex A summarizes all the tests for different measurement principles at the
reference and service conditions.

Annex B and Annex C describe the methods and the requirements for the calibration and
verification of flow transmitters and for preparing a test report.

Acceptance tests are typically defined and agreed specifically between the manufacturer and
the user in accordance with Annex E. Nevertheless, all tests in this document can also be used
as the basis for any acceptance tests.

6.2 Tests at standard and operating reference test conditions
6.2.1 General requirements

For the majority of the tests on every type of flow transmitters, the corresponding clause of
IEC 62828-1:2017 applies, in particular see:

— Annex B in IEC 62828-1:2017 for the summary of the tests at the standard reference
conditions, and

— Annex C in IEC 62828-1:2017 for the summary of the tests at the operating reference
conditions.

All tests shall be carried out under the installation conditions (straight sections of piping
upstream and downstream of the flow transmitter, flow conditioners, etc.) stipulated by the
supplier of the type of flow transmitter to be tested.

During the tests, corrections shall be made for temperature and pressure differences between
the flow transmitter under test and the reference standard; otherwise, these differences have
to be taken into account in the uncertainty calculations.

The temperature and pressure measurements have to be performed at a representative position
on the flow transmitter under test and on the reference standard meter.

After settling or plumbing the reference flow transmitter and the testing flow transmitter to the
prescribed portion on the facility, the measurand is flowed in the plumbing or the pipe fittings.
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When the measurand is a liquid, the facility needs an air bleeding capability at the high point in
the line to release trapped vapors to fill the measurand in the plumbing or the pipe fittings. Prior
to testing, confirm the status of the plumbing or the pipe fittings for additional potential sources
that can introduce error, such as vibration or leakage. If the status requires amending, it shall
address these matters. Depending on the measuring principle, further properties of the test fluid
(e.g. density, viscosity, conductivity) that can have a significant influence on the flow transmitter
behaviour shall be considered in the test procedures.

If not stated otherwise in the uncertainty examination document of the test bench, the stability
requirements of Table 1 shall be respected.

Table 1 — Stability requirements during the measurement

For gases For liquids

Stability of the instantaneous flow rate <3% <3%
< 0,2 % within 100 s < 5 % within 100 s
10 °C to 40 °C 10 °C to 40 °C

Static medium pressure drift

Medium temperature range for inaccuracy test

Medium temperature drift during the measurement of single <0,2K <0,5K
test flow rate

Medium temperature drift over the entire tests <2K <5K

NOTE Greater pressure variations are allowed if the line-pack effect (see 3.2.4) is corrected and the uncertainty
examination of the test facility shows that the above-mentioned requirements have been fulfilled.

If these conditions are not satisfied during the measurement of a test point, the measurement
result is to be rejected and the measurement has to be repeated.

In addition, the specific tests of 6.2, 6.3, 6.4 and 6.5 apply to flow transmitters.

6.2.2 Requirements with different test fluids

6.2.2.1 Test gases (applies to flow transmitters for gas only)
a) Required gases for type evaluation tests

All the tests may be performed with air or any other gas as specified by the manufacturer
under the rated operating conditions stated in Clause 5. For the temperature tests, it is
important that the gas be dry.

Flow transmitters intended to measure different gases are to be evaluated with the gases
specified by the manufacturer.

b) Evaluation for the use of an alternative test gas during verification

When flow transmitters are to be verified (at initial or subsequent verification) with air, the
type evaluation test as stated in 6.2.3.15 shall include air.

When flow transmitters are to be verified with a type of gas different from that at operating
conditions, the type evaluation test as stated in 6.2.3.15 shall include such a type of gas.

In both cases mentioned, the maximum differences between the error curves of the intended
test gas and the gas in-use are calculated and the need to use correction factors during the
verification test is established as follows:

o If these differences stay within 1/3 of the measurement uncertainty of the stated inaccuracy,
the initial or subsequent verification may be performed with the alternative gas.

o |If these differences exceed 1/3 of the measurement uncertainty of the stated inaccuracy,
the initial or subsequent verification may only be performed with the alternative gas if a
correction for the differences is applied.
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It shall be documented whether the initial or subsequent verification may be performed with air
(or the other gas(-es)) and whether correction factors shall be applied.

6.2.2.2 Test liquids (applies to flow transmitters for liquid only)
a) Required liquids for type test evaluations

All the tests may be performed with water or any other liquid as specified by the
manufacturer under the rated operating conditions stated in Clause 5.

Flow transmitters intended to measure different liquids are to be tested with the liquids
specified by the manufacturer.

As viscosity and density of the fluid can influence the flow transmitter performance, these
values have to be monitored, directly or indirectly, during the tests and are to be documented.

When flow transmitters are to be verified with test liquids different from the specified liquid,
the maximum differences between the meter characteristics with the intended test liquid and
the liquid in-use are calculated and the need to use correction factors during verification
test is established as follows:

o If these differences stay within 1/3 of the measurement uncertainty of the stated
inaccuracy, the initial or subsequent verification may be performed with the alternative
liquid.

o If these differences exceed 1/3 of the measurement uncertainty of the stated inaccuracy,
the initial or subsequent verification may only be performed with the alternative liquid if
a suitable correction for the differences is applied. This correction and its uncertainty
have to be documented.

b) Complete filling of the measuring system

The flow transmitter and the pipework between the transmitter and the other components of
the test bench shall be kept full of liquid during measurement and during shutdown periods.

c) Elimination of air or gases

Measuring systems shall incorporate a gas elimination device for the proper elimination of
any air or undissolved gases which can be contained in the liquid before it enters the flow
transmitter. Gas elimination devices shall be installed in accordance with the manufacturer's
instructions.

In the case that neither air intake nor gas release will occur in the liquid upstream of the
flow transmitter, a gas elimination device is not required.

d) Control and closing mechanisms

If there is a risk that the supply conditions can generate overload pressure or flow in the
pipeline at the flow transmitter, a flow-limiting device should be provided. This device needs
be installed downstream of the transmitter. Such a device shall allow the flow transmitter to
be isolated from the test loop.

6.2.2.3 Test steam (applies to flow transmitters for steam only)

As steam neither can be classified as a gas nor a liquid, to verify the specifications of a flow
transmitter for steam applications, special test procedures are required.

There are three conditions of steam:

e wet steam;
e saturated steam;

e overheated steam.

Because there is a lack of test stands for steam, it is acceptable to perform tests with dry
gas/water. In these cases, it is necessary to add uncertainty contributions to the measurement
error. In particular, influences of temperature, pressure and steam humidity have to be
considered.
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Because flow transmitters in steam applications are used to measure the useable energy
content, special attention shall be given to the fact that variable steam humidity has a significant
effect on energy content measurements.

6.2.3 Accuracy and related factors
6.2.3.1 General requirements

The accuracy related factors shall be determined in accordance with IEC 62828-1:2017,6.2.2.4.

Initially, an input signal (flow rate) equal to the maximum flow rate (O, See Annex C and

Figure C.2) is generated, and the value of the corresponding input and output signal is noted
after a sufficient stabilization period (e.g. reaching a steady state). Then, the input signal is
slowly (the rate of change depends on the DUT) decreased to reach the next test point. After a
sufficient stabilization period, the value of the corresponding input and output signal is recorded
again.

The operation is repeated for all the predetermined values down to the lower range value of the
input span. After measurement at this point, the input signal is slowly brought up, without
overshoot, to the test value directly the lower range value, and then to all other values in turn
up to 100 % of input span, thus closing the measurement cycle.

6.2.3.2 Processing of the measured values

The difference between the output signal values obtained at the test points for each upscale
and downscale traverse and the corresponding ideal values are recorded and their algebraic
differences are reported as measured errors.

Differing from the requirement in IEC 62828-1:2017, 6.2.2.4, the errors generally shall be
expressed as percent of the measured value.

6.2.3.3 Non-repeatability

The non-repeatability shall be calculated in accordance with the procedure described in
IEC 62828-1:2017, 6.2.2.4.7. The non-repeatability at each flow rate shall be determined.

For flow transmitters that are intended to be used at high pressures, this test may be performed
at the lowest operating pressure.

6.2.3.4 Duration of a measurement

The duration of a measurement (one single flow rate) shall be large enough to reduce the effects
of random processes and displays with limited resolution to negligible proportions. The duration
of a measurement (one single flow rate), its result and the experimental uncertainty of the
measured value shall be recorded.

6.2.3.5 Zero flow stability
The test procedure shall include the following elements as a minimum:

e it has to be ensured that, during the test procedure, the flow rate is absolutely zero;
o fluid pressure and temperature shall be homogeneous and stable;

e the duration of a measurement shall be long enough to reduce the effects of random
processes and displays with limited resolution to negligible proportions;

e the properties of the test fluid and test conditions shall be documented.
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6.2.3.6 Flow rates

The input-output characteristic shall be measured in one measurement cycle, traversing the full
range in each direction. The flow rates at which the errors of the flow transmitter need to be
determined shall be distributed over the measuring range at intervals as indicated in IEC 62828-
1:2017, Table 6, or as shown below.

The minimum integral number (N) of test points, ranking from i =1 to i = N can be calculated
as follows:

N = 1+4~Iog(%) |Omin %0

min
N shall be rounded to the nearest integer.

The following formula presents an adequate regular distribution of flow ratesfori=1toi= N -1
and QN = Qmin'

O = (4 10 )171‘ ‘Omax

As a practical approach, when technically justified, the test points can be defined at Q,,;,, 5 %,
10 %, 25 %, 40 %, 70 %, 100 % of O ax-

6.2.3.7 Orientation

Unless specified by the manufacturer that the flow transmitter is to be used only in certain
mounting orientations, it shall be established whether the orientation of the flow transmitter
influences the measuring behaviour.

The following orientations shall be examined:

e horizontal,
e vertical flow-up,

e vertical flow-down.

For liquid flowmeters, the orientation of vertical flow-down can cause a partial flow, and the
accuracy measurements as stated above are performed in these orientations. If only certain
orientations are stipulated by the manufacturer, only those orientations shall be examined.

The results of the different accuracy measurements are evaluated without intermediate
adjustments.

If the requirements are not fulfilled for all prescribed orientations without intermediate
adjustments, the flow transmitter shall be marked in order to be used in a certain orientation
only.

6.2.3.8 Flow direction

The accuracy measurements as stated above are performed in both flow directions, if applicable.
The results of the different accuracy measurements are evaluated without intermediate
adjustments.
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6.2.3.9 Working pressure

The accuracy measurements as stated above are performed at least at the minimum and at the
maximum operating pressure.

The manufacturer shall specify the adjustments needed and/or additional uncertainty
contribution if the flow transmitter operates outside the evaluated working pressure range.
When practical measurements and tests for their determination cannot be realized, this
information shall preferably be derived, for example from a finite element (FEA, CFD) analysis.

6.2.3.10 Temperature
6.2.3.10.1 General

The temperature dependency of the flow transmitter shall be evaluated in the temperature range
specified by the manufacturer, by one of the methods stated below, ranked in the following
preferred order:

a) Flow tests at different temperatures

The flow tests are performed with a fluid temperature equal to the ambient temperature
specified in IEC 62828-1:2017, Clause 6. For flow transmitters with a built-in conversion
device showing the volume at base conditions only also the flow tests are to be performed
with a fluid temperature different from the ambient temperature specified in
IEC 62828-1:2017, Clause 6.

b) Monitoring the unsuppressed flow rate output of the flow transmitter at no-flow conditions at
different temperatures

At no-flow conditions, the unsuppressed flow rate output of the flow transmitter is used in
order to determine the temperature influence on the transmitter accuracy. The examination
is performed at least at the reference temperature, and at the minimum and maximum
operating temperatures. The results of the measurements at the different temperatures are
evaluated, while taking into account the influence of the flow rate shift on the meter curve.

EXAMPLE The unsuppressed flow rate output of the DUT is changed with +0,01 m3/h owing to the tested
temperature variations. The initial error at reference conditions of this transmitter was +0,3 % at a tested QO

is 0,01/2x 100 % = +0,5 %.

min
of 2 m3/h. The influence due to temperature variations at O min

NOTE The unsuppressed flow rate is defined as the flow rate at which the low flow cut-off (if present) is not
active.

c) Evaluation of the construction of the flow transmitter

In cases when the flow transmitter cannot be tested to determine the effect of temperature,
the uncertainty resulting from the expected influence of temperature on the meter
construction shall be evaluated.

6.2.3.10.2 Flow tests with equal fluid and ambient temperatures

The flow tests are performed at the flow rates determined in 6.2.3.6, in the flow range O, up
to Omax: With the fluid temperature matching the ambient temperature (see IEC 62828-1:2017,
6.3.2), sequentially at:

o reference temperature;

e maximum ambient temperature;

e minimum ambient temperature;

o reference temperature.
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6.2.3.10.3 Flow tests with unequal fluid and ambient temperatures

The flow tests are performed while keeping the DUT at a constant ambient temperature almost
the same as the reference temperature and sequentially, preferably using these temperature
conditions:

e the fluid temperature at 40 °C;
e the fluid temperature at 0 °C.

The error is determined at Q,,;, and Q- Determination of errors shall be performed only after
the temperature of the fluid is stabilized.

Instead of the above-mentioned temperature test, the test may be performed while using the
following temperature conditions:

o fluid temperature at 20 °C and the DUT at 40 °C;
e fluid temperature at 20 °C and the DUT at 0 °C.

Nevertheless, the test shall be performed at temperatures 7,o; + 10 K at least, and the results
shall be documented in the unit % per K.

6.2.3.11 Flow disturbance

The influence of flow perturbations upstream of the flow transmitters should be evaluated with
tests as specified below. During the tests, the DUT should be installed in accordance with the
manufacturer's specifications of the minimum length of straight upstream pipe, /,- The

manufacturer may specify different /,,;, for different flow disturbances.

The results of the different accuracy measurements are evaluated without intermediate
adjustments of the DUT.

The baseline for reference flow conditions is determined at reference conditions as stated in
6.2.1. For the following standardized set of perturbations, the following tests should be
conducted (the following "D" means the length of Flowmeter's nominal diameter).

a) a single 90° bend (radius of curvature of 1,5 x D):

1) DUT in normal position;

2) DUT rotated 90°;

3) DUT rotated 180°;

4) DUT rotated 270°.

b) two 90° bends in perpendicular planes (radius of curvature of 1,5 x D, without spacers
between bends):

1) DUT in normal position;
2) DUT rotated 45°;
3) DUT rotated 90°;
4) DUT rotated 135°.
c) a standard expander with an expansion in diameter of 2:3 or 3:4;
d) a diameter step with magnitude of -5 % and +5 % on the upstream flange of the DUT;
e) if required by the manufacturer, a flow conditioner chosen and positioned by the
manufacturer in combination with perturbations listed in a) to d).

The tests shall be conducted for at least two Reynolds numbers. The ratio between the two
Reynolds numbers shall be at least 5:1. Owing to the nature of the more disturbed flow
conditions during these tests, a longer measurement or increased number of repeats can be
required to achieve an acceptable experimental standard deviation. Documents
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Relevant data are the mean values of at least three single measurement repeats at each
Reynolds number.

6.2.3.12 Long-term stability/drift

In addition to the procedures defined in IEC 62828-1:2017, 6.2.4.4, the long-term/drift
determination shall be performed as follows:

NOTE This test also replaces the accelerated operational life test as specified in IEC 62828-1:2017, 6.3.6.

a) Run initial flow test on calibrated flow bench with 0,1 x Q... and 0,9 x Q... and document
flow readings and calculate the values

. 95,0191

01T
Y 0,1

. 0099
09T
o Do,0

where:

0, 0.1 initial measured flow volume at 0,1 x Q.
0Qy.1: reference flow volume at 0,1 x Q..

0, 0,9 initial measured flow volume at 0,9 x O ..;
Qp.9: reference flow volume at 0,9 x Q..

¢; 0.1: initial deviation at 0,1 x Oy, (% of rate);

e; 0,9¢ initial deviation at 0,9 x Q.. (% of rate).

b) Run the flowmeters over a period of time in a way that a minimum amount of fluid
volume/mass through the meter, which is at least equal to 30 days times 0,8 x Q,,,,, and

continuously monitor and record at minimum the vendor-defined primary output of the
flowmeters (e.g. pulse output). Secondary outputs (if any) should be monitored and recorded
as well to get a more complete understanding of the instrument's drift behaviour.

NOTE This test can be run on a flow test bench other than the one used in step a). It is then recommended to
install and monitor a reference flowmeter with known performance.

c) Run final flow test like in step a) on calibrated flow bench with 0,1 x Q... and 0,9 x Q...
and document flow readings

. ~09r,01=91
o=
/ Do, 1
Or 09-%09
€r 09~
Qo9

where:
Oro,1: final measured flow volume at 0,1 x Oy 5;

Qf‘o‘g: final measured flow volume at 0,9 x Q.4
€0,1: final deviation at 0,1 x Q5 (% of rate);

es0,9: final deviation at 0,9 x Oy, (% of rate).
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This test shall be run on the same test bench as in step a).

This results in a drift value representing an aging over 30 days at 0,8 x Q.. flowrate:

€r,0,1 _ei,0,1| +|€f,0,9 - i,0,9|
2

€30d =

The long-term drift value shall be stated by the manufacturer based on the value of ejzqq

considering also the start-up drift behaviour observed during step b). It shall be extrapolated
and stated for at least 6 months of operation, as defined and using the methods in
IEC 62828-1:2017, 6.2.4.4.2.

If, owing to test bench limitations or measurement principle requirements, single conditions
cannot be met, these deviation(s) shall be explicitly mentioned when providing a TPE (total
probable error) value for example in data sheets.

The number of tests required can be optimized by the manufacturer by selecting representative
test samples reflecting the worst case of a wider range of product versions (e.g. line sizes).

6.2.3.13 Drive shaft (torque)
Flow transmitters with drive shafts are submitted to the maximum possible torque, while using

a specified reference density (e.g. for gas 1,2 kg/m3). The fault is evaluated at Onmin-

Where a type of flow transmitter includes various sizes, this test only needs to be carried out
on the smallest size, provided that the same torque is specified for the larger flow transmitters
and the drive shaft of the latter has the same or greater output constant.

6.2.3.14 Overload flow

Flow transmitters with internal moving parts are tested for the overload flow as a type test.
Before and after the overload, the error of the flow transmitter is determined for its whole flow
rate range in accordance with 6.2.3.6. If not otherwise specified by the manufacturer, the
overload flow rate and time shall be 120 % of Q5. for a minimum of 1 min (see IEC 62828-

1:2017, 6.2.3.9). In the case that applying 120 % of Q55 flow can cause a malfunction of the

flow transmitter, the overload flow can be reduced in accordance with the manufacturer's device
specification.

6.2.3.15 Different fluids

Flow transmitters that are intended to be used in fluids different from the reference fluid shall
be investigated regarding the accuracy-related factors with those fluids.

Preferably, this investigation can be performed:

e by flow tests using these fluids or alternatively;

e by empirical or theoretical model approaches.

In the latter case, the used model and its additional uncertainty shall be reported.
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6.2.4 Dynamic behaviour
6.2.4.1 General

Step and frequency response measurements as described in IEC 62828-1:2017, 6.3.4 are not
directly applicable to flow transmitters because of lack of suitable test equipment for the
generation of required input signals representing flow changes.

However, flow transmitters show a specific dynamic behaviour and delays in responding. A
manufacturer who states any response time data of their flow transmitter shall specify the test
procedure and equipment used.

6.2.4.2 Vibration and shocks

Flow transmitters having a maximum mass of 10 kg are tested to vibrations and shocks in
accordance with 6.3.4 of IEC 62828-1:2017 and 6.3.5 of IEC 62828-1:2017. For transmitters
exceeding this weight, only the electronic part of the meter is to be tested. Before and after
these tests, the intrinsic error of the flowmeters is determined in accordance with 6.2.3 over the
whole flow rate range.

6.2.4.3 Determination of the pressure loss

The pressure loss is defined as the systematic difference of the static pressure between inlet
and outlet of the meter under test at reference condition. The pressure loss is normally a
function of flow rate and medium density/viscosity, and increases quadratically with increasing
flow rate.

The measurement uncertainty of the pressure transmitters to measure the differential pressure
has to be smaller than 1/10 of the maximum pressure loss at the maximum tested flowrate.

When additional equipment such as inlet and outlet sections or flow splitters are mandatory for
the flowmeters, these installations have to be considered while measuring the pressure drop.

If the measurement of the pressure loss is not technically feasible, numerical simulations or
analytical estimations are allowed based on validated models.

For example, a pressure loss number ¢ might be determined by the following formula:

and used for extrapolations. Herewith, Ap represents the measured pressure loss for a certain
medium density p at the measured temperature and pressure, and v the velocity of the flow
medium.

6.2.5 Static behaviour
6.2.5.1 General

Static response measurements as described in IEC 62828-1:2017, 6.2.3 are not directly
applicable to flow transmitters because of the lack of suitable test equipment for the generation
of required input signals representing flow changes.

However, flow transmitters show a specific static behaviour and delays in responding. A
manufacturer who states any response time data of their flow transmitter shall specify the test
procedure and equipment used.
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6.2.5.2 Interchangeable components

For flow transmitters for which some components are intended to be interchangeable, as
specified by the manufacturer, the influence of interchange shall be determined at 10 % of the
measuring range.

This accuracy test is performed at each of the three stages in the following sequence:

¢ while using the starting configuration;
e after interchange of the component;
o after reinstalling the original component.

The fault is established by calculating the maximum difference between the results of any of
the three accuracy tests.

6.2.5.3 Power supply

The testing flow transmitter shall be connected to the power supply in accordance with the
manufacturer's requirement. A general description about the power supply is given below.

Before testing, the testing flow transmitter's converter (or printed circuit boards) shall be
switched-on and kept in this condition for an adequate time specified by the manufacturer.

The supply should be selected according to the tested flow transmitter's specification, such as
a normal AC/DC power, a built-in battery and 4 mA DC to 20 mA DC analogue output, and so
on.

The voltage fluctuation of AC/DC power supply voltage should be suppressed within £10 %
against its nominal voltage. Usually the voltage fluctuation of power supply voltage is less than
-10 %, which causes the failure such as the freeze of some of the transmitter's functions. On
the other hand, voltage fluctuation of power supply voltage over +10 % causes the failure (such
as the damage) of some electrical parts in transmitter.

6.2.5.4 Electronics

If the electronic devices of a flow transmitter are located in a separate housing, their electronic
functions may be tested independently of the measuring transducer of the flow transmitter by
simulated signals representing the rated operating conditions of the meter. In this case, the
electronic devices shall be tested in their final housing.

The tests as indicated in IEC 62828-1:2017, 6.3, are to be performed under the following
conditions:

o the meter under test shall be powered on, except in the case of performing the vibration and
mechanical shock test;

e the dependency of the flow transmitter's performance shall be evaluated under the flow
modes ranked in the following preferred order:

a) during actual flow, or
b) at no-flow conditions while monitoring the unsuppressed flow rate output of the meter.

In the latter case, the performance is evaluated while taking into account the influence of the
flow rate shift on the meter curve.

Most electronic meters have a cut-off for low flow rates. This cut-off shall be switched off for
this test so that the flow rate output corresponds to the unsuppressed flow rate.
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