INTERNATIONAL ISO
STANDARD 9104

First edition
1991-04-01

Measurement of fluid flow in closed conduits —
Methods of evaluating the performance of
electromagnetic flow-meters for liquids

Mesure de débit des fluides dans les conduites fermées — Méthodes
d’évaluation de la performance des débitmétres électromagnétiques
utilisés pour les liquides

Reference number
1ISO 9104:1991(E)




ISO 9104:1991(E)

Contents
Page
S COPE 1
2 Normative references ... 1
3 Definitions . 2
4 General testing procedure ... 2
4.1 General requirements ... 2
4.2 Installation ... 3
A3 Test HGUIT 4
4.4 Environmental test conditions ... 4
4.5 Nominal calibration conditions during tests ............................. 5
4.6 Signal output . 5
4.7 Zero checking ..o 5
4.8 Other conditions ... 5
4.9 Flow-meter calibration — Requirements and methods ............ 5
5 Evaluation of the effect of an influence quantity ......................... 6
B General o 6
5.2 Internalinfluences ... 6
5.3 External influences ... 1"
6 Tests for the evaluation of the effects of other influence
QUANHHIES 17
6.1 Magnetic influence ... 17
6.2 Output load impedance ...t 17
6.3 Long-term drift ... 17
6.4 Stray currents within the liquid ... 17
© 1SO 1991

All rights reserved. No part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without
permission in writing from the publisher.

International Organization for Standardization
Case Postale 56 ¢ CH-1211 Genéve 20 ® Switzerland

Printed in Switzerland



ISO 9104:1991(E)

6.5 Radiointerference ..., 17
Annex
A Bibliography 18



1ISO 9104:1991(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with ISO, also take part in the
work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Inter-
national Standard requires approval by at least 75% of the member
bodies casting a vote.

International Standard 1SO 9104 was prepared by Technical Committee
ISO/TC 30, Measurement of fluid flow in closed conduits.

Annex A of this International Standard is for information only.
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Introduction

The methods of evaluation specified in this International Standard are
intended for use by manufacturers to determine the performance of their
products and by users or independent testing establishments to verify
manufacturer’s performance specifications and to demonstrate suit-
ability of application.

The test conditions specified in this International Standard, for example
the range of ambient temperatures and the power supply, represent
those which commonly arise during use. Consequently, the values
specified herein should be used where no other values are specified by
the manufacturer.

The tests specified in this International Standard are not necessarily
sufficient for instruments specifically designed for unusually arduous
duties. Conversely, a restricted series of tests may be suitable for in-
struments designed to perform within a limited range of conditions.
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INTERNATIONAL STANDARD

iSO 9104:1991(E)

Measurement of fluid flow in closed conduits — Methods of
evaluating the performance of electromagnetic flow-meters for

liquids

1 Scope

1.1 This International Standard recommends
methods of test for the evaluation of the perform-
ance of electromagnetic flow-meters for liquids
flowing in closed conduits. It specifies a uniform
procedure to verify the performance characteristics
when the flow-meter is subjected to identified influ-
ence quantities and methods of representing the
results of performance measurements.

NOTE 1  When a full evaluation in accordance with this
International Standard is not required, those tests which
are required should be performed and the results re-
ported in accordance with those parts of this International
Standard which are relevant.

1.2 This International Standard applies only to in-
dustrialized pipe-mounted electromagnetic flow-
meters. It is not applicable to insertion-type
flow-meters, liquid-metal flow-meters and medical
flow-meters, although some of the tests described
may be applied to such instruments if agreed to be-
tween the manufacturer and the user or evaluating
body.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All stan-
dards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

1) To be published. (Revision of 1SO 5168:1978)
2) To be published. (Revision of 1SO 6817:1980)

ISO 3966:1977, Measurement of fluid flow in closed
conduits — Velocity area method using Pitot static
tubes.

ISO 4006:1991, Measurement of fluid flow in closed
conduits — Vocabulary and symbols.

1ISO 4185:1980, Measurement of liquid flow in closed
conduits — Weighing method.

ISO 5168:—" , Measurement of fluid flow — Evaluation
of uncertainties.

1ISO 6817:—2' | Measurement of conductive liquid flow
in closed conduits — Method using electromagnetic
flow-meters.

ISO 7066-1:1989, Assessment of uncertainty in the
calibration and use of flow measurement devices —
Part 1: Linear calibration relationships.

ISO 7066-2:1988, Assessment of uncertainty in the
calibration and use of flow measurement devices —
Part 2: Non-linear calibration relationships.

1ISO 8316:1987, Measurement of liquid flow in closed
conduits — Method by collection of the liquid in a
volumetric tank.

IEC 68-2-3:1969, Basic environmental testing pro-
cedures — Test Ca: Damp heat, steady state.

IEC 68-2-4:1960, Basic environmental testing pro-
cedures — Test D: Accelerated damp heat.

IEC 68-2-6:1982, Basic environmental testing pro-
cedures — Test Fc and guidance: Vibration
(sinusoidal).
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IEC 68-2-27:1972, Basic environmental testing pro-
cedures — Test Ea: Shock.

3 Definitions

For the purposes of this International Standard, the
definitions given in ISO 4006 apply. The following
definitions are given only for terms used with a
special meaning or for terms the meaning of which
might be usefully recalled.

3.1 electromagnetic flow-meter: Flow-meter which
creates a magnetic field perpendicular to the flow,
so enabling the flow-rate to be deduced from in-
duced electromotive force (e.m.f) produced by the
motion of a conducting fluid in the magnetic field.
The electromagnetic flow-meter consists of a pri-
mary device and one or more secondary devices.

3.2 primary device: Device containing the following
elements:

— an electrically insulating meter tube through
which the conductive fluid to be metered flows,

— one or more pairs of electrodes, diametrically
opposed, across which the signal generated in
the fluid is measured, and

— an electromagnet for producing a magnetic field
in the meter tube.

The primary device produces a signal proportional
to the flow-rate and in some cases a reference sig-
nal.

3.3 secondary device: Equipment which contains
the circuitry which extracts the flow signal from the
electrode signal and converts it to a standard output
signal directly proportional to the flow-rate. This
equipment may be mounted on the primary device.

3.4 meter tube: Pipe section of the primary device
through which the fluid to be measured flows; its
inner surface is usually electrically insulating.

3.5 meter electrodes: One or more pairs of contacts
or capacitor plates by means of which the induced
voltage is detected.

3.6 lower range value: Lowest value of the meas-
ured variable that a device is adjusted to measure.

3.7 upper range value: Highest value of the meas-
ured variable that a device is adjusted to measure.

3.8 span: Algebraic difference between the upper
and lower range values. For example, the span is
equal to 16 mA when the range is 4 mA to 20 mA.

3.9 common mode voltage: Voltage which exists
equally between each electrode and a reference
potential.

3.10 reference signal: Signal which is proportional
to the magnetic flux created in the primary device
and which is compared in the secondary device with
the flow signal.

3.11 output signal: Output from the secondary de-
vice which is a function of the flow-rate.

3.12 full-scale flow-rate: Flow-rate corresponding to
the maximum output signal.

313 referee measurements: Measurements re-
peated under closely controlled atmospheric con-
ditions when the correction factors to adjust
parameters, sensitive to atmospheric conditions, to
their standard atmosphere values are unknown and
when measurements under the recommended range
of ambient atmospheric conditions are unsatisfac-
tory.

4 General testing procedure

Most evaluation tests for electromagnetic flow-
meters are carried out with the liquid flowing
through both the flow-meter and the standard cali-
bration facility or reference flow-meter. Care shall
be taken to ensure a mean steady flow in the test
circuit, independently of the rapid fluctuations in lo-
cal velocities due to turbulence which always occurs
in the range of Reynolds numbers peculiar to in-
dustrial flow conditions. Furthermore, the measure-
ment uncertainty of the reference flow-meter or
calibration facility should be taken into account
when estimating the measurement uncertainty of the
electromagnetic flow-meter under test.

It will be appreciated that the closest communication
should be maintained between the evaluating body
and the manufacturer. Note shall be taken of the
manufacturer’s specifications for the instrument
when the test programme is being decided, and the
manufacturer should be invited to comment on both
the test programmes and the results.

4.1 General requirements

411 The flow shall be steady.

4.1.2 At the inlet of the upstream straight pipe the
flow should be axisymmetric and free from signifi-
cant pulsation and swirl.



41.3 The reference flow-meter or calibration stan-
dard for the measurement of flow-rate or quantity
shall conform to the requirements of ISO 4185 or
ISO 8316, or any subsequent International Standards
covering reference standards for the measurement
of liquid flow.

NOTE 2 It is recognized that the reference standards
used for flow measurement are of various types. Those
devices which measure directly in terms of the funda-
mental units of mass, length and time are more commonly
referred to as primary standards. Other devices, including
some flow-meters which are calibrated against primary
standards, can be used to measure flow-rate for cali-
bration purposes if they display high reproducibility.
These devices are commonly referred to as secondary
standards.

Future developments in liquid flow measurement
may produce reference standards displaying a high
degree of accuracy. These developments are re-
cognized provided that the accuracy of these de-
vices is traceable to fundamental measurements
and the devices have been thoroughly investigated
as to their uncertainty and the influence that they
have on the calibration of the device under test.

41.4 The reference flow-meter or calibration stan-
dard shall be of suitable range to cover the range
of flow for the flow-meter under test. Should the
flow-meter be required to be installed in more than
one test apparatus, then both (all) installations shall
be described.

The accuracy rating of the reference standards sys-
tem should preferably be at least three times better
than that of the equipment under test.

4.1.5 The installation and reference standards shall
be described in detail, including the traceability of
the reference standards and the extent of the un-
certainty in their indication and that of any other
devices which may be part of the reference stan-
dards system. The assessment of the uncertainty in
the flow measurement shall be in accordance with
ISO 5168 and ISO 7066-1 and ISO 7066-2.

41.6 The conduit containing the liquid shall be full
at all times. The liquid shall comply with the par-
ameters defined in 4.3.

4.1.7 Any adjustments to the flow-meter during the
test shall be reported and the effects of these ad-
justments on the performance under reference con-
ditions should be determined and be stated as
percentages of the output span.

4.1.8 There are several parameters which may af-
fect the performance of an electromagnetic flow-
meter, and in general the tests should be carried out
by changing these one at a time, while ensuring that
the remainder do not vary. It may be necessary to
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restrict the variation in interacting parameters by
suitable means.

4.2 Installation

4.21 Plpe Installation

The primary and secondary devices of the elec-
tromagnetic flow-meter should be installed in ac-
cordance with the manufacturer’s instructions and
ISO 6817.

The meter tube shall be full of liquid during all tests.
To achleve this, the pipework circuit in which the
primary device is mounted shall include adequate
provision for the removal of gases collecting in it.

If the manufacturer’s instruction recommends the
use of grounding rings, this should be complied with
and reported.

Where there is no manufacturer’'s recommendation
for connecting pipe material, it will be necessary to
establish the effects on performance of using differ-
ent pipe materials.

Examples of materials are

— plastic pipe (which is electrically non-conducting
and non-magnetic),

— steel pipe (which is electrically conducting and
magnetic),

— stainless steel pipe (which is electrically con-
ducting and non-magnetic).

The effects shall be stated as percentages of the
output span.

In all cases, the manufacturer’'s mounting in-
structions for the measuring equipment shall be ob-
served.

in the absence of manufacturer’'s recommendations,
the flow-meter shall be installed in piping having a
nominal size and nominal internal diameter in ac-
cordance with that of its upstream and dowstream
connections. The internal diameter of the pipe which
is connected with the flow-meter shall not be
smaller than the internal diameter of the flow-meter
and should not exceed the internal diameter of the
flow-meter by more than 3 %.

The primary device shall be installed in a straight
pipe, at a distance of at least 10 times the nominal
diameter (10 DN) from any upstream disturbance
and 5 DN from any downstream disturbance. If re-
quired, a flow straightener should be used to elim-
inate swirl. Tests should never be conducted
downstream of throttling points (e.g. valves or par-
tially opened gate) (see the note to 5.2.3.2).
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The connection between the pipe and the flow-meter
shall be such that the sealing device does not
protrude into the flow stream.

In the case of a primary device without flanges, and
which is therefore connected between two flanges,
care should be taken to mount it as concentrically
as possible.

If there is a possibility of surrounding materials in-
fluencing the meter’'s magnetic field, the advice of
the manufacturer should be sought.

4.2.2 Electrical installation

The potential of the metered liquid and the primary
device should be at the same level, preferably
ground potential. The connection between the liquid
and the primary device housing may be made by
direct contact with the adjacent conducting piping
or by means of an earthing ring at both ends of the

primary device.

The manufacturer’s instructions shall be carefully
followed for interconnections between the primary
device and the secondary device. Instructions for
connections to the power supply shall be followed.

4.3 Test liquid

Since the properties of the test liquid may affect the
flow-meter characteristics, it is common practice to
use water at conditions which have negligible effect.
Water at a temperature between 4 °C and 35 °C, free
from entrained air and magnetic particles, and rea-
sonably clear of visible particles is acceptable. For
other liquids, their type (including their tradename),
viscosity, density and conductivity shall be known
or determined immediately before and after the test.

4.3.1 Air entrainment

The test liquid shall be free from entrained air and
the test pressure shall be sufficiently high to main-
tain the liquid above its vapour pressure and to
prevent any dissolved gases in the liquid coming out
of solution at any point in the piping system.

4.3.2 Conductivity range

The conductivity of the test liquid should be within
the range of 5 mS/m (50 uS/cm) to 500 mS/m
(5000 pS/cm) or as otherwise specified by the
manufacturer.

4.4 Environmental test conditions

The test conditions specified in this International
Standard are in accordance with IEC 160.

Tests and calibrations should be carried out at the
reference conditions specified unless otherwise

stated; all specifications given in this International
Standard refer to these reference conditions.

4.41 Standard reference ambient conditions

For the purposes of this International Standard, the
standard reference atmosphere shall comply with

tha fallawine anarifi

ine i1ICHOWINg specifications:
temperature: 20 °C
refative humidity: 65 %

atmospheric pressure: 1013 mbar (101,3 kPa)

This standard reference atmosphere is that atmos-
phere to which values measured under any other
ambient condlitions are corrected by calculation. It
is recognized that in many cases a correction factor
for humidity is not possible. In such cases the stan-
dard reference atmosphere takes account of
temperature and pressure only.

This atmosphere Is equivalent to the normal refer-
ence operating conditions usually identified by the
manufacturer.

4.4.2 Admissible range of ambient conditions for
test measurements

The admissible range of ambient conditions for test
measurements are given in table 1.

Table 1

Condition Admissible range

Temperature 4 °Cto 35°C

Relative humidity 35 % to75 %

Atmospheric pressure 860 mbar (86 kPa) to
1060 mbar (106 kPa)

Electromagnetic fields Value to be stated if relevant

The maximum rate of change in temperature per-
missible during any test shall be 5 °Cin 1 h.

4.4.3 Standard ambient conditions for referee
measurements

When correction factors to adjust parameters sensi-
tive to ambient conditions to their standard atmos-
phere values are unknown, and measurements
under the admissible range of ambient conditions
defined in 4.4.2 are unsatisfactory, repeated meas-
urements under closely controlled ambient con-
ditions should be conducted.

For the purposes of this International Standard, the
ambient conditions shown in table 2 are specified for
referee measurements.



Table 2
Condition Nominal value Tolerance
Temperature 20 °C +2°C
Relative humidity 65 % +5%

Atmospheric pressure 860 mbar (86 kPa) to

1060 mbar (106 kPa)

For tropical, sub-tropical, or other special require-
ments, alternative referee atmospheres are given in
IEC 160.

4.5 Nominal calibration conditions during
tests

451 Reference values

The reference values shall be those specified by the
manufacturer.

4.5.2 Tolerances

The tolerances on the electrical supply given in ta-
ble 3 shall apply unless closer tolerances are agreed
between the user and the manufacturer.

Table 3
Variable Tolerance
Rated voltage +1 %
Rated frequency +1%

Harmonic distortion less than 5 % [alternating

current (a.c.) supply]

Ripple less than 0,1 % [direct current
(d.c.) supply]

4.5.3 Reference conditions for the connecting cable

The cable connecting the primary device to the sec-
ondary device shall be no longer than necessary
and in accordance with the manufacturer’s require-
ments.

4.6 Signal output

4.6.1 Analog

The load impedance shall be the arithmetic mean
of the allowable maximum and minimum values, or
the reference value specified by the manufacturer.
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4.6.2 Frequency

The load impedance shall be the minimum allow-
able.

4.7 Zero checking

In order to check the flow-meter zero, means should
be provided to stop the flow through the primary
device, leaving it filled with stationary liquid.

4.8 Other conditions

Pressure fluctuations or pulsations which affect the
measurement shall not be present.

4.9 Flow-meter calibration — Requirements
and methods

The flow-meter under test and the associated test
equipment shall be allowed to stabilize (i.e. a
warm-up period of at least 15 min under steady-
state environmental conditions should be allowed
before any test is commenced). During this warm-up
period the output should be approximately in the
middle of its range. Environmental conditions which
may Influence test results shall be observed and
recorded.

Unless otherwise specified, the flow-meter shall be
adjusted for minimum error at the lower and upper
range values before the test.

In order to evaluate the performance of the flow-
meter system on a specified flow range, test points
should be taken at flow-rate settings which are ap-
proximately 10 %, 25 %, 50 %, 75 % and 100 % of
the span (see figure1). It is recommended that at
least three measurements be taken at each test
point.

From the readings at each flow-rate, an average
output reading shall be computed. The difference
between this value and the corresponding value of
the reference standard system is an error relative
to this standard. This deviation shall be expressed
as a percentage of either the output span or the
measured flow.

The uncertainty in the flow measurement shall be
assessed in accordance with ISO 5168 and 1SO 7066.

Where range-changing provision is incorporated in
the equipment, the test procedure above shall be
applied Independently for each flow range but the
compatibility of readings in appropriate regions of
each range shall be cross-checked by changing
ranges.
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Figure 1 — Sample calibration showing distribution of test points

5 Evaluation of the effect of an Iinfluence
quantity

5.1 General

There are two types of influence quantities to be
considered, those affecting the liquid within the
flow-meter primary element and those arising ex-
ternally.

Internal effects include changes in, for example, the
liquid temperature, the flow-velocity distribution and
liquid conductivity.

External influence quantities include variations in
temperature, humidity and barometic pressure and
variations in supply current, voltage or frequency.

Unless otherwise stated, the effect of each of these
qguantities shall be assessed by determining the de-
viation of the meter-output from those obtained un-
der reference conditions. The other conditions of
use not under investigation shall remain constant
at the reference value during the tests.

The evaluation shall be conducted, unless otherwise
specified, at a flow-rate corresponding to a liquid
velocity of 1 m/s with both the primary device and
the secondary device connected to a common power
supply. If the secondary device is fitted with an ad-
justable velocity range, this should be set to 2 m/s.

The output (analog) load impedance should be the
maximum recommended by the manufacturer.

5.2 Internal Influences

5.2.1 Temperature of liquid

The effect of changes in the liquid temperature shall
be determined at different liquid temperatures, with
the flow-meter at a constant ambient temperature.
The temperature range should be sufficiently differ-
ent from the reference test conditions to show
clearly temperature influences and in each case
sufficient time should be allowed to reach steady-
state conditions. The tests shall be performed by
measuring the steady-state changes in the lower
range value and the span .which result from the
changes in liquid temperature. The effect shall be
stated as a percentage of the output span. The de-
tails of the test should be agreed upon with the
manufacturer. (See also 4.3.1)

5.2.2 Conductlvity of liquid

The effect of changes in the liquid electrical con-
ductivity shall be determined at three different con-
ductivities including the extreme values specified by
the manufacturer. The effect shall be stated as a
percentage of the output span.

NOTE 3  This test need only be considered necessary if
the conductivity of the liquid is less than 5 mS/m
(50 pS/cm).



5.2.3 Velocity distribution

When a flow velocity profile which is significantly
different from that in the original calibration is pre-
sented to the electrode plane, an electromagnetic
flow-meter may exhibit a shift in calibration. The ar-
rangement of pipe fittings upstream of the primary
device is one of the factors which can contribute to
the creation of a particular velocity profile. The fol-
lowing tests are devised to investigate the response
of the flow-meter to velocity profiles emanating from
some of the more common pipe circuit features
which can be found in practice. It is recommended
that, in order to establish the actual velocity profile
immediately upstream of the flow-meter on test, a
flow survey be carried out in accordance with
ISO 3966.

The results of the tests described in 5.2.3.1t0 5.2.3.3
shall be presented for each test point as a percent-
age deviation from the reference flow-rate at the
point. The reference conditions flow-rate should
normally be obtained from an in-line wet calibration
of the flow-meter installed in long straight pipe-
lengths of uniform bore.

5.2.3.1 Pipe reducer

Tests shall be carried out with a concentric pipe
reducer mounted firstly immediately adjacent to the
flow-meter upstream flange and secondly at 5 DN
upstream of the electrode plane of the flow-meter.
The reducer should taper from a dimension of 2 DN
to 1 DN. Although it is recommended that the
reducer be 3 DN long with respect to the smaller
diameter pipe, a commercially available fitting of

Meter electrode plane

Valve spindle vertical —
\

% i

 Fiow SON.

v

T

: @ l*“‘

L Valve spindle horizontal
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another length may be used if agreed by the parties
involved. Its dimensions shall be measured and en-
tered into the test records.

Comparative measurements of the internal diam-
eters of the reducer outlet and the flow-meter inlet
shall be taken in at least two mutually perpendicular
positions for each. The purpose of this test is to en-
sure that the inside diameter of the reducer outlet
matches the inside diameter of the flow-meter inlet
within an acceptable measurement tolerance (see
4.21).

The test readings should be taken at each of the
recommended points within the flow range of the
meter (see 4.9).

In special cases, tests utilizing offset reducers (or
reducers which introduce steps in circuit pipework)
may have to be carried out if such reducers are to
be commonly used in practice. In these instances
the design of the pipe reducer should be specified
clearly and its dimensions measured and entered in
the test records.

5.2.3.2 Upstream valve

A series of tests shall be made with a gate valve
mounted firstly at 2 DN upstream from the electrode
plane (or, if the meter is longer than 4 DN, adjacent
to the flow-meter upstream flange) and secondly at
5 DN upstream from the electrode plane (see
figure 2). For both cases, tests shouid be carried out
for the valve mounted with the spindle a) perpen-
dicular to and b) parallel to an imaginary line joining
the centres of the electrodes diametrically.

Downstream flow

/ control valve

iy | ,

!

Figure 2 — Typical circuit arrangements for upstream gate valve tests
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Two testing arrangements should be investigated.
Results should be obtained firstly with the flow-rate
being controlled using the upstream valve as a flow
disturbance simulator and, secondly, with the up-
stream valve set at fixed positions? of 25 % and
50 % closed. In the latter arrangement the flow-rate
is controlled by a downstream valve in the cali-
bration rig pipe circuit.

The pressure in the pipe during these tests shall be
maintained at a value sufficient to avoid any risk of
cavitation.

In all test arrangements the test point sets should
be obtained for at least four positions representative
of the range of flow-rates which the constrictive
testing arrangement and/or test rig capacity will
permit [see figure 3a) and figure 3b)].

NOTE 4 The above pipe circuit arrangements should be
regarded only as convenient configurations for checking
the disturbance effects. The use of a control valve up-
stream of a flow-meter is not recommended. Shifts in
calibration may result owing to the distortion of the ve-
locity profile downstream of a control valve. The distortion
is generally severe and is also a function of both the flow
velocity and the valve opening. If a control valve has to
be located in the vicinity of the flow-meter, it should be
located downstream from the flow-meter where the effect
on the calibration will be negligible.

5.2.3.3 Radius bends

Alternative pipe circuit configurations employing
one or two upstream bends are shown in table 4 and
are described briefly hereafter. Selected pipe fitting
testing arrangements should be agreed between the
parties concerned, namely between the flow-meter
manufacturer/supplier, the purchaser and the test-
ing laboratory.

NOTE 5  Unless stated otherwise, the electrode plane is
the plane normal to the pipe axis which contains the
electrode pair.

a) One bend

A series of tests should be carried out on the flow-
meter with a radius bend (having a dimension
r = 1,5 DN, where r is the radius of the bend)
mounted firstly immediately adjacent to the flow-
meter upstream flange and secondly at 5 DN up-
stream from the traverse plane of the electrodes.

b) Two bends

A further series of tests should be undertaken in
which two adjacent bends in mutually perpendicular
planes are installed without separation, firstly im-
mediately upstream of the flow-meter upstream
flange and secondly at 5 DN upstream from the
traverse plane of the electrodes.

For each testing arrangement the readings should
be taken at each of the recommended points within
the flow range of the meter. For all tests the orien-
tation of the plane(s) of the bend(s) relative to the
imaginary line joining the electrode centres
diametrically should be recorded on the test data
sheets, preferably in the form of a sketch showing
the pertinent data.

NOTE 6 It should be realized that the costs of these
tests will become very high for piping of large diameter.
For testing meters with a diameter larger than DN 100,
other and cheaper disturbances might be agreed upon
between the user and the manufacturer; for example,
annular or segmental obstructions can be used (see
figure 4).

3) Percentage positions of gate valve closure are defined in terms of the position of the valve blade leading edge, ex-

pressed as a percentage of the pipe diameter, and with the valve fully-open position as the datum.



Mean error as a percentage of the actual flow
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Symbol Flow-meter
© 1
A 2
a 3
" 1 1 1 1 1
10 20 30 40 50 70 80

Valve opening as a percentage of the pipe diameter

100

a) Example for the valve positioned 1,5 DN upstream of the electrode plane, with the spindle at right-angles
to the electrode axis

Mean error as a percentage of the actual flow

Symbol Flow-meter
S 1
A 2
o] 3
1 1 ! ] L 1 1 ! I
10 20 30 40 50 60 70 80 90

Valve opening as a percentage of the pipe diameter

100

b) Example for the valve positioned 5,5 DN upstream of the electrode plane, with the spindle at right-angles
to the electrode axis

Figure 3 — Examples showing the effect of an upstream gate valve on three electromagnetic meters of DN 500

(based on real data)
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Table 4
Test Distance from outlet Explanatorv diaaram of
arrange- Description of pipe bend to Generai remarks circuit confiquration!)
ment electrode plane g
1 Single bend in the axial Minimum . ;
plane of the electrodes Ot
2 Single bend at right- Minimum ol
angles to the axial 41 !
electrode plane
3 As test arrangement 1 5 DN £ NN
4 As test arrangement 2 5 DN _L_'__'_._I
5 Two adjacent bends in the Minimum
same plane __F ' I
6 Two adjacent bends in Minimum
orthogonal planes g | I
7 As test arrangement 5 5 DN ' | I
8 As test arrangement 6 5 DN | I . l
9 As test arrangement 5 Minimum Meter electrode plane —_-‘j{
at right-angles to that f—o—
for arrangement 5
10 As test arrangement 6 Minimum Meter electrode plane
at right-angles to that __0:4
for arrangement 6 -
11 As test arrangement 7 5 DN Meter electrode plane —:{
at right-angles to that :F i I—.—
for arrangement 7
12 As test arrangement 8 5 DN Meter electrode plane ——
at right-angles to that _E-I———{'——
for arrangement 8
1) Key:
Flow-meter __.__ Bend : I
Electrodeé in the vertical plane ,I-_-7—‘| _d
Electrodes in the horizontal plane | } I }J_ g
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5.2.4 Liquid pressure

The flow-meter output signal should, when practi-
cable, be checked for the effects of changes in
pressure of the flowing liquid over the full working
pressure range. The maximum effect shall be stated
as a percentage of the output span.

5.3 External influences
5.3.1 Electrical power supply aberrations

5.3.1.1 Main power variations

This test shall be carried out by measurement of the
changes in the lower range value and the span
caused by the adjustment of the power supply to the
following values, load impedance being as specified

in 5.1.
a) Voltage:

a) nominal value;

b) reference value plus 10 %, or the manufacturer’s
limit, if less;

c) reference value minus 15 %, or the manufac-
turer’s limit, if less.

b) Frequency:
a) nominal value;
b) reference value plus 2 % and reference value

minus 10 %, or the manufacturer’s limit, if nar-
rower.

25 % closed 25 % closed

—_ @ ——  Electrode plane  —- @ —

50 % closed 50 % closed

—_—- e- — Electrode plane — - G- —_
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Under low-voltage/low-frequency conditions a check
shall be made to establish that with the input near
the upper range value, the output does not reach a
limiting value below its upper range value. The ef-
fect shall be stated as a percentage of the output

span.

5.3.1.2 Power supply interruptions

The purpose of this test is to determine the behav-
iour of the flow-meter on switching from the normal
specified supply to a standby supply. The flow shall
be held constant at 50 % of the span.

The power supply shall be interrupted for 5 ms,
20 ms, 100 ms, 200 ms and 500 ms for a d.c. supply,

and for 1 cycle, 5 cycles, 10 cycles and 25 cycles at
the crossover point for an a.c. supply.

The following values shall be recorded:

a) the maximum transient negative and positive
changes in output;

b) the time taken for the output to reach 99 % of its
steady-state value following reapplication of
power;

c) any permanent change in output.

In order to obtain a better estimate of the uncer-
tainty, this test should be repeated ten times, the
period of time between any two tests being at least
equal to ten times the duration of the test.

25 % closed

Electrode plane —- 9 — Electrode plane

50 % closed

Electrode plane —- e- —— Electrode plane

Figure 4 — Annular or segmental obstructions used to determine the effects of a disturbance in the inlet flow
on the response of the flow-meter
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5.3.1.3 Power supply distortion

A third-harmonic distortion of 5 % with variable
phase shall be superimposed on the supply voltage.
The maximum change in flow signal shall be deter-
mined and expressed as a percentage of the span.

5.3.2 Electrical interferences

During all the tests specified in this subclause, the
flow shall be held constant at 50 % of the span.

5.3.2.1 Mains power supply transient overvoltages

Voltage spikes shall be superimposed on the mains
supply. The spike energy shall be 0,1 J, and the
spike amplitudes shall be 100 %, 200 % and 500 %
overvoltage [percentage of nominal mains root-
mean-square (r.m.s.) voltage]. The spike may be
generated by capacitor discharge or by any means
giving an equivalent waveform.

Power supply

Lo

The power supply lines shall be protected by a suit-
able suppression filter, consisting at least of a choke
of 500 pH capable of carrying the line current.

Two puises of each amplitude phased to mains peak
voltage shall be applied, or, alternatively, at least
ten pulses randomly phased with respect to the
mains supply shall be applied. Any transients or d.c.
output changes appearing at the output of the in-
strument shall be recorded.

5.3.2.2 The Influence of disturbing voltages

It may be necessary to adjust the secondary device
so that both positive and negative changes can be
detected. Figure 5 shows a typical circuit.

The results of each test shall be expressed as the
ratio of the error to the value of the disturbance
which caused the error.

Secondary -
device I

ol — — —— —
Output

Primary
device

77

Figure 5 — General test circuit
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5.3.2.21 Common mode — Influence of an a.c.
voltage between the earths of the primary and
secondary device (artificially induced common-mode
voltages) [figure 6a)]

A potential difference between the earth of the pri-
mary device and the earth of the secondary device
will give rise to common-mode voltages on the
measuring electrodes.

This potential difference will often be at the supply
frequency. The following test is designed to measure
the effect of mains frequency common-mode volt-
ages on the performance of the electromagnetic
flow-meter.

An a.c. voltage of 50V (r.m.s.) at mains frequency
shall be applied between the earth terminals of the
primary and secondary devices. Two series of tests

Power supply

# (neutral)

ISO 9104:1991(E)

shall be performed, one with the disturbing voltage
in phase with the mains and one with the disturbing
voltage in quadrature with the mains.

During these tests it will be necessary to ensure that
the primary device and the liquid therein are iso-
lated from earth. The errors shall be stated as per-
centages of the output span.

5.3.2.2.2 Influence of an a.c. voltage between the
earth and the mains supply (high neutral line voltage
[figure 6b)]

A potential difference adjustable between 0V and
50V (r.m.s.) at mains frequency shall be applied
between the neutral and earth terminal of the pri-
mary device. The process is similar to that de-
scribed in 5.3.2.2.1.

l
Secondary |

o)

Output

a) b)

|
I
l
|
|
|

4
|
|
|
|
|
]
o
|
I|
||
L

device -

Primary
device

Power
0V to50V supply
-

oz

Figure 6 — Test of the effect of a) mains frequency common-mode voltage (voltage applied between the earth
of the primary and secondary devices) and b) mains frequency voltage between neutral and primary earth
(voltage applied between earth and mains, if practicable)
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5.3.2.2.3 Influence of an a.c. voltage between the
earth and the output terminals (figure 7)

A potential difference adjustable between 0V and
50 V (r.m.:s.), or at a maximum voltage specified by
the manufacturer, shall be applied between earth
and the output terminals at mains frequency. Two
series of tests shall be conducted with the disturbing

Power supply

=

voltage respectively in phase and in quadrature with
the mains supply voltage. The error shall be stated
as a percentage of the output span referring to the
voltage.

NOTE 7 If there is no galvanic separation in the sec-
ondary device, the advice of the manufacturer should be
sought.

el
Secondary
device -
__ — — c—
TwH ]
Output

Primary
device

S

Power
supply

Figure 7 — Test of the effect of mains frequency voltage between earth and output terminals
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5.3.2.2.4 Influence of currents flowing in an earthed
connection between the primary and secondary
devices (figure 8)

In this case the process described in 5.3.2.2.1 is
modified by replacing the disturbing voltage by a
current adjustable between 0 A and 20 A. The errors
shall be expressed as percentages of the output
span referring to the current in amperes.

5.3.2.2.5 Influence of series-mode interferences
(figure 9)

These tests are only applicable to pulsed d.c. elec-
tromagnetic flow-meters or electromagnetic flow-
meters operating at a frequency other than mains
frequency. Since the flow-meters can to some extent
reject series-mode interference at mains frequency,
additional tests can be performed to measure the
effect of series-mode signals at the supply fre-
quency. There are several ways of performing these

Power supply

'
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tests, most of which make use of a transformer to
generate a small a.c. signal at mains frequency be-
tween the electrodes. The errors shall be expressed
as percentages of the output span referred to the
disturbing voltage in millivolts.

5.3.2.2.6 Influence of earthing

These tests are applicable only to secondary de-
vices with electrical inputs and outputs isolated from
earth.

The tests shall be carried out by measurement of the
steady-state change in the lower range value and
span caused by earthing each input and output ter-
minal in turn.

Any transient changes shall be noted.

Care should be taken to eliminate any effect due to
earthing of the test signal source.

Secondary

device

.

Output

Primary
device

0A to 20A

Power supply

7

Y

Figure 8 — Test of the effect of a.c. currents on earthed connection between primary and secondary devices
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Power supply

=

Power supply

Secondary

g
device -
-

]

Output

Primary
device

ST7

Figure 9 — Test of the effect of series-mode signals at the supply frequency

5.3.3 Ambient temperature

For those flow-meters of which the primary and
secondary device are a unit, the test should, when
practicable, be performed for the total unit. A mini-
mum temperature-stabilization time of 4 h shall be
applied to each temperature setting. The tempera-
ture range of this test should be determined by the
operational conditions envisaged for the flow-meter
system.

Remote secondary devices should be tested in ac-
cordance with IEC 770 as follows.

The changes in the value of the output signal shall
be measured at the maximum and minimum oper-
ating temperatures specified by the manufacturer. If
they are included in this operating range, the
changes shall be measured at each of the following
ambient temperatures:

+20°C, +40°C, +55°C, 0°C, -—10°C,
—-25°C, + 20°C

The temperature shall be changed step by step in
the order given, and without any adjustment of the
flow-meter. A second temperature cycle, identical to
the first, shall be performed without readjustment of
the flow-meter.

The tolerance for each temperature is + 2 °C. Suf-
ficient time shall be allowed for stabilization of the

16

temperature at all parts of the flow-meter. The ef-
fects shall be stated as percentages of the output
span referring to the ambient temperature variation.

NOTE 8 The above temperatures relate to the ambient
air temperature as stated. The process fluid should be at
the nominal reference temperature.

5.3.4 Humidity (secondary device only)

This series of tests is based on the procedure de-
scribed in |IEC 68-2-3 and IEC 68-2-4.

Immediately after a further period of 24 h at ambient
conditions, the error shall be determined at intervals
of approximately 20 % span for upscale and down-
scale signals. Changes in error from those meas-
ured initially under ambient conditions shall be
stated.

5.3.5 Mechanlcal vibration

A general procedure is described in |IEC 68-2-6.
However, it should be recognized that these tests
may be very expensive or even impossible to carry
out for large sizes of flow-meters. At the end of the
test any change in calibration shall be stated.

5.3.6 Mechanical shock (secondary device only)

This test shall be carried out in accordance with
IEC 68-2-27.



6 Tests for the evaluation of the effects of
other influence quantities

6.1 Magnetic influence

If there is a possibility of influence from surrounding
ferromagnetic materials or sources of magnetic
field, a suitable test should be agreed with the
manufacturer. The results of these tests shall be
stated.

6.2 Output load impedance

This test shall be carried out by measurement of the
change caused by variations in load impedance
from the minimum to the maximum value specified
by the manufacturer at the maximum test flow-rate.
The output changes shall be expressed as percent-
ages of the output span.

6.3 Long-term drift
The meter tube of the electromagnetic flow-meter

shall be filled with water at ambient temperature.
Before carrying out measurements, agitation of the

Power supply

1
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water is recommended to ensure homogeneity. After
being carefully adjusted, the electromagnetic flow-
meter shall be switched off for 24 h. Then it shall be
switched on and any change in the zero reading,
after a suitable warm-up time, recorded and ex-
pressed as a percentage of the output span. Over
the following four-week period the zero shall be re-
checked every week and any change recorded.

6.4 Stray currents within the liquid

Stray currents flowing in the liquid inside an elec-
tromagnetic flow-meter may have an influence on
the output of the flow-meter. Currents may be in-
duced In the liquid using the system shown in
figure 10. Two series of tests shall be made with the
disturbing voltage respectively in phase and in
quadrature with the mains voltage. The errors shall
be expressed as a percentage of the span per am-
pere.

6.5 Radlo interference

Tests of the effect on the output of radio frequency
interference shall be the subject of specific agree-
ment between the manufacturer and the user.

Insulated

lL@J

e
Secondary
device "
—y—— — — — —

flanges
Earthing \
rings \

\

Primary
device

supply 50V 9

Power ov i
to e Ne—

7

/77

Figure 10 — Test of the effect of stray currents within the liquid
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