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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, governmental 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.

The proced

e are

described in the ISO/IEC D1rect1ves Part 1. In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the
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This third ed
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— clauses

— clauses 1
tapes ha

— the claus

)

inges compared to the previous editions are as follows:

e for computerized data acquisition and processing system has been removed;

rawn to the possibility that some of the elements of this document may.be the subject of
4. ISO shall not be held responsible for identifying any or all such patend rights. Details of
ights identified during the development of the document will be in the Introduction and/or
t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the convenience of users and dogs not
endorsement.

ination of the voluntary nature of standards, the meaning of ISO specific termps and
related to conformity assessment, as well as information about ISO's adherence o the
Organization (WTQ) principles in the Technical Barriers to Trade (TBT) see www.is¢.org/

nt was prepared by Technical Committeé 1SO/TC 113, Hydrometry, Subcommittee|SC 5,
lequipment and data management.

ition cancels and replaces the second edition (ISO 3455:2007), which has been techilically

|se for calibration of acoustic current-meters for point velocity measurement has been ddded;

referring to outdatéd tracking systems like track systems using tooth belts have| been
removed;

eferring to~outdated technique for data acquisition like strip chart recorder or magnetic
Ve been.femoved;

th l b~ o 3 +1 A ££, + 1 L. pa |
— € Clausetarstussmgtmemppererrectrnasoeehremovea:

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Hydrometry — Calibration of current-meters in straight
open tanks
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This document specifies a calibration method for mechanical type, electromagnetic type and acoustic
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4.1

hudrometric current-meters used for noint velocitv measurement of flowing wwater
o4 ' o4 5

Fes towing the instrument through still water in a straight open tank. It include

jated with the method.

ormative references

bllowing documents are referred to in the text in such a way that some or all of
tutes requirements of this document. For dated references, enly the edition cited
ed references, the latest edition of the referenced document{{including any amendmg

V2, Hydrometry — Vocabulary and symbols

b37, Hydrometry — Rotating-element current-meters

EC Guide 98-3Uncertainty of measurement —, Part 3: Guide to the expression of u
irement (GUM:1995)

erms and definitions

e purposes of this document, thé terms and definitions given in ISO 772 apply.

nd IEC maintain terminological databases for use in standardization at the following

$0 Online browsing platform: available at https://www.iso.org/obp

C Electropedia: available at http://www.electropedia.org/

rinciple of.calibration

Statement of the principle

Calib}

The method
S measuring

atus, the calibration procedure, the method of presenting the results and(the yincertainties

their content
applies. For
ents) applies.

ncertainty in

addresses:

ation of a current-meter means experimental determination of the relationship bej

tween water

velocity and either the rate of revolution of the rotating element or the velocity directly indicated
by the current-meter. For this purpose, the current-meter is mounted on a towing cart and drawn
through still water contained in a straight tank with a uniform cross section at a number of steady
speeds of the towing cart. Simultaneous measurements of the speed of the towing cart and the rate
of revolution of the rotating element or the velocity indicated by the current-meter are made. In the
case of rotating-element current-meters, the two parameters are related by one or more formula(e), the
limits of validity of which are stated. In the case of stationary-sensor type current-meters, containing
no rotating elements, the velocity indicated by its display unit is compared with the corresponding cart
speed to know the error in measurement.
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4.2 Accuracy of the method

4.2.1 Overall uncertainty on the velocity measurement

The towing method gives an absolute measurement of water speed, which in principle only requires
position and time measurements. This method can be considered as very accurate if the precautions
listed in 4.2.2 are taken.

4.2.2 Requirements for accurate measurements

The towing method gives an accurate measurement of water speed provided that:

a) the posit

b) residual

5 Infrast

5.1 Dimensions of the towing tank

5.1.1 Geng

The dimensi
section shall

5.1.2 Leng
The length o

The length @
acceleration
payload is tq

while working out the length of the braking section. The length of the measuring section shall b

that the cali
covered and
length, there
signals are p

5.1.3 Dept

ion, the timing and means for starting and stopping it achieve the necessary accurac

currents in the water are small.

ructure

pral

bns of the tank and the number and relative position*of current-meters in the tank
be chosen so that their effects on the test result are minimized.

th

f the accelerating and braking sections depend on the design of the cart, the max
and deceleration achievable at makximum payload, and the maximum speed at whi
be towed along the tank. Safety requirements of the cart should be taken into ag

bration error, which is composed of inaccuracies in the measurement of time, dis
rate of revolution, does-hot exceed the desired tolerance at any velocity. The red
fore, depends on the\type of current-meter being calibrated, type of cart and the w
roduced and transmitted.

h and width

The depth of
more parti

4

the tank'ean have an influence on the test results which cannot be regarded as negl

Fa rating tank comprises of accelerating,.stabilizing, measuring and braking sectiong.

Cross

imum
h the
count
e such
tance
uired
y the

gible,

larly\when the towing speed coincides with the velocity of propagation of the syrface
wave. The ddpendence of this critical velocity, v, on tank depth is given by the Formula (1):

v, =~gd (1)
where

g isthe acceleration due to gravity;

d isthe depth of water.

Depending on the size of the current-meter(s) and the cross section of the suspension equipment
relative to the cross-sectional area of the tank, the wave crest produced by the current-meter and its
means of suspension may cause an error in calibration within a narrow band in the velocity range from
0,5v.to 1,5 v..Itis a systematic and not a random error.
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The depth and width of the tank shall therefore be chosen to suit the size and the maximum velocity
limits of the current-meters to be calibrated. Care shall be taken to ensure that either high calibration
velocities are attained before the interference or that they exceed it sufficiently for the critical zone to

be bridged without extrapolation.

5.2

5.2.1

Towing cart

General

During calibration, the current-meter is suspended below the cart and immersed in the water at a

speci

fied depth and the cart travels along the length of the tank at known and accurate speeds in the

meas

5.2.2

The d
tank
rails 4

iring section.

Cart track system

art may run on two parallel rails which shall be accurately aligned with-both the
ind the surface of the water in the tank. It is essential that the rails are straight and

The
be u
the w

5.2.3

The fpllowing types of towing carts are in common usage!

a) T

o 00 wn

b)

o v O T -

5.2.4

The d
ensul

The c

a
rlllue wear and tear of the wheels. In the case of rubber tire whéels, provision shall bg

ind the wheels of the cart are free of irregularities in order to avoid.irregular motior
terial and hardness of the rails and the driving wheels should bechosen so that th

heels above the rail surface when not in use for a long time:

Types of towing carts

he towed cart which is moved along the tratk by a cable driven from a constant
fanding apart from the moving cart. Thetowed cart may be lighter in construct
bnsequent advantage of high acceleration,and quick braking, but the elasticity of the
hn cause irregularities in the running of the cart thereby affecting the accuracy of c
hlibration.

pwer to the cart may be fed:by a trailing wire track system, by an overhead conduct
ther systems specially designed for the purpose. The self-propelled cart is heavier in
5 it carries the driving.motors. This results in greater inertia of the cart and assists

Lt the running irregularities of the cart.

Cart operation

art shalltravel smoothly and at constant speed in the measuring section of the
ing that-eScillatory motion is not transmitted to the current-meters under calibratio

hrt-shall have smooth operational capability. Vibration of the tow cart should be avoi

ength of the
that both the
s of the cart.
ere shall not
b made to lift

speed motor
ion with the
towing cable
Lrrent-meter

he self-propelled cart which is moved along the track by internally mounted electric motor(s). The

or system or
construction
n smoothing

towing tank
.

Hed.

The cart shall remain stable during acceleration, deceleration and braking. There shall not be any
forward/backward or sideways rocking, or slippage during peak acceleration/deceleration and during
normal operation at any speed in specified range.

During calibration, the measuring equipment, sensors and other instruments shall not be affected
by noise and spurious signals induced by the main power supply or cart drive and control system or
otherwise by electrical equipment installed in the rating tank building and vicinity.

In addition to normal braking, an alternate brake system shall also be provided on the cart which would
automatically activate during an emergency.
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5.2.5 Cart control

The cart may be manned or unmanned. In the case of a manned cart, an operator on-board controls
various functions of the cart.

The unmanned cart is operated remotely without any operator on board.
5.3 Measuring equipment

5.3.1 General

The calibratiom of a currentmeter cails for the Simuitaneous recording or the rollowing three
parameters:

a) distance|covered by the cart;
b) time; and
c) signal (gulses) delivered by the current-meter or velocity processed by the meter control unif.

The towing $peed is calculated from the simultaneous measurement of distance and time. In cpse of
a rotating-elpment current-meter, the rate of current-meter revolutions{{rotations) is obtained by the
simultaneouf measurement of the number of signals (pulses) and the time.

5.3.2 Distance measurement

Different methods are available for measurement of distanceto'the specified measurement uncertainty
(see 5.3.5). Two of the most common methods are as follows:

a) the estaﬁishment of light barriers (markers) at regular intervals along the length of the tank which
actuate mechanical or optical pulse transmitters-fitted to the cart;

b) the use ¢f measuring wheels with mechanical or photoelectric pulse transmitters/optical endoders
which arle drawn along the track by the, cart.

In the case df using a measuring wheel; it shall be ensured that there is no slippage during travel. An
additional mlethod of precise speed(measurement shall also be provided to check the accuracy pf the
measuring wheel on a regular basis,

5.3.3 Time measurement

The time of travel of the,cart is normally measured by an electronic counter with an in-built acqurate
time referenge, for example a quartz crystal. A period can thus be read to 1 ms or better. This equipment
should be checked-periodically against a reference device traceable to a national time standard.

5.3.4 Current-meter vplnrify measurement

The cart shall be provided with a suitable recording device for the measurement of current-meter
signals.

In the case of rotating-element current-meters, the sensor of the current-meter shall generate a clear
and positive signal corresponding to the rotor revolutions. Normally, as per the design of the system,
the signals are generated once per revolution, twice per revolution, or in some cases, once for five
revolutions or even once for 10 revolutions. The signals received from the current-meter(s) may be
counted using the counting device of the current-meter. In measuring the number of current-meter
revolutions in a given time, it is important to measure between identical points on the current-meter
signal. It shall be ensured that none of the signals are missed.

In the case of an electromagnetic or acoustic current-meter, the electrical signals from its sensor are
processed by its control unit.

4 © IS0 2021 - All rights reserved
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5.3.5 Sources of error related to infrastructure

5.3.5.1 General

Sources of error (sources of uncertainty) shall be treated according to ISO/IEC Guide 98-3 (GUM). Only
the principal sources of systematic and random errors are considered below.

5.3.5.2 Error due to the distance measurement

The following influence factors can contribute to the measurement uncertainty of the distance
measurement method:

5.3.5]3 Error due to timing measurement

The

measpirement method:

5.3.5/4 Error due to residual currents in the'water

The

present. The following influence factors;can contribute to the upper limit on residual currg

5.3.5/5 Error dueto’environmental conditions

The

2]

ystematic uncertainty of the reference distance measuring method;

-

hermal expansion on measuring wheels;

—

bpeatability of the distance measurement method;

detection/counting of impulses from pulse transmitter or encoders,

following influence factors can contribute to the measurement uncertainty of

(%]

ystematic uncertainty of the reference timing measuring method;

dfrift of the time reference.

water in the tank is never completely'still and residual currents from various origin

standing waves (surface grayity waves) linked to the dimensions of the tank and du
rIeasurements or disturbances in the water;
t

ermal convection currents due to temperature gradients.

dmbient temperature fluctuation should be as low as possible, and direct sunlig

the timing

s are always
ents:

b to previous

ht should be

avoided, to minimize the influence on the tank's measurement system and to reduce the creation of

thermal convection currents.

Electrdmagnetic interference generated by drive units and drive unit controls such ;

s frequency

converters and power rails, especially if these are located directly on the tow carts, may have an
influence on the device under test and sensitive electronic devices.

Magnetic inductive flow meters may be affected by ferro magnetic structures like steel beams or
reinforced concrete in the near surrounding.

5.3.5.6 Random errors

The repeatability with which the cart speed can be determined depends on the repeatability of the
distance measurement method and on the timing accuracy. For any installation, this may be determined
experimentally by setting the cart speed to a fixed value and performing a series of runs to provide a
series of estimations of the cart speed.
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This is repeated for several different cart speeds and from the standard deviation of each series of
measurements, the 95 % confidence limits may be evaluated.

The repeatability of the rate of revolution of the rotating element or the velocity indicated by the
current-meter for different cart speeds can be determined in a similar way.

5.4 Data acquisition

In order to facilitate automation and greater accuracy in measurement, a computerized data acquisition
system may be provided.

The data acqudsiti

Velocity mea
facility shou

5.5 Dataj

The data pr

formula(e) and calibration tables as described in 7.1.4.

Generic fund
tables shall 4

5.6 Other
In addition, g

a) artificia

the watdr by the end walls of the tank;
b) means fgr checking the orientation of the stationary-sensor type current-meters;
c) one or more thermometers to measure the temperature of the water in the tank;

d) conductivity measurement devicedifymagnetic inductive instruments are calibrated.

6 Calcul3tion of uncertainty

The uncerta
from the sou

As an examp
U= [”czi

where

surement devices use a wide range of data collection and transfer methods. The€alib
d ensure that their equipment does not interfere with the data transfer signal.

)rocessing

ocessing software shall be customized to process the calibration’ curves, calib

tions/tools like least square estimation, statistical functidns, and tabulation for
e provided in the processing software.

requirements
rovision of the following ancillary equipment at'the towing tank facility is recommel

beaches, stilling devices or other similar de¥ices to reduce the reflection of disturba

nty associated with a measurement is obtained by combining the uncertainties a
frces describedin 5.3.5 in accordance to GUM.

le, Formula (2) can be used for estimating the combined uncertainty of velocity.

1

Fation

Fation

rating

nded:

nce in

rising

w2+ 212
t T

uy isthe uncertainty of distance measurement;

u, isthe uncertainty of the timing measurement;

Ue

is the uncertainty due to residual currents.

(2)

Formula (2) is an example and is not claiming to be complete. It does not include all uncertainty factors.
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Calibration procedure

7.1 Calibration of rotating element current-meters

7.1.1 Suspension of the current-meter

Attention shall be paid to the following points.

Before the current-meter is immersed in water, it shall be checked for cleanliness, lubrication and
for its mechanical and electrical functioning. It shall also be ensured that oil, as recommended by
the manufacturer or used by the customer in the field, is used for the current-meters with oil-filled

cpntact systems and bearings during their servicing prior to calibration. If damage
during the initial visual inspection, consider first running the current-meter in an'as r
sp any potential historic error can be quantified.

e suspension of the current-meter shall be as specified by the manufactufer/user o
eter and shall usually be the same as that used during field measurements. If dui
easurements, the current-meter is attached near the lower end of therod, it shall b

the same position on the cart during calibration. Should this not be the case, the curren
be mounted far enough from the end of the rod to ensure that any influence from th
rpd is eliminated. Material stiffness of the rod should be chosén so vibrations have no
nmeasurement. If the signal cable is laid outside the rod during field measurements, a :
aftached in the same way, shall be used for the calibration. It should be noted that loose
can influence the calibration result. Suitable time should'be allowed for the instrumen
tp the ambient water temperature.

T

nﬁfluence is negligible. For an axial-flow currefit-meter, a depth (water level to rotary aj
diameter of the rotary element is generally sufficient. A cup-type current-meter shall be
a

topwing speeds, there may be separation of flow behind certain rod profiles, causi
in the angular velocity as if a thicker rod were used. This disturbance can often be e
increasing the immersion depth; of by providing the rod with a flaring at the water su

If several current-meters are)calibrated at the same time, care shall be taken to ensurd
np mutual interference, érthat the mounting is exactly reproduced in order that the

between the current-raeters are the same during calibration and during measurement.

rod-supported ¢urrent-meter shall be rigidly attached to the rod so thatitis aligned
direction of travel. A cable suspended current-meter shall be aligned with the directig
the start of each run.

If the current-meter is of the type which is capable of swivelling in a vertical plane, its
be checked and, if necessary, adjusted before calibration tests are started.

is observed
bceived state

Fthe current-
'ing the field
b mounted in
t-meter shall
s part of the
effect on the
imilar cable,
signal cables
[ to climatize

he current-meter shall be placed at such a depth below the surface of the water that the surface

Kis) twice the
immersed to

a decrease
liminated by
rface.

depth of atleast 0,3 m or one and a halftimes the height of the rotor, whichever is grere:ltger. Athigher

that there is
nterferences

arallel to the
n of travel at

balance shall

7.1.2 Performance of calibration

7.1.2.1 Minimum speed of response

The minimum speed of response (also called the threshold, or stall velocity) of a rotating-element
current-meter is defined as the minimum speed at which the rotor of the current-meter attains
continuous and uniform angular motion. It is determined by increasing the cart velocity until the
rotating element revolves at a constant angular velocity.

7.1.2.2 Number of calibration points

Measurements shall be carried out from the minimum speed of response at a sufficient number of
towing velocities to realize the systematic characteristics of the current-meter. It is generally necessary
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to carry out tests at closer velocity intervals at the lower end of the range because the largest errors
expressed as percentage usually occur in this range. For example, 0,10 m/s intervals should be provided
at the lower end of the range, 0,25 m/s intervals in the middle of the range and 0,5 m/s at the upper
end of the range. Measurements should be carried out over the whole range of velocities for which the

current-meter is designed or is intended to be used.

The total number of calibration points shall be as follows:

a) 8to 12 for calibration up to 2,5 m/s;

b) 12 to 18 for calibration up to 5 m/s;

c) 18 to 24f[for calibration up to 8 m/s.

7.1.2.3 Stilling time

The waiting|period between two cart runs shall be chosen so that residual velociti¢s are negligible
compared with the following test velocity. The time needed for the water to settle’or still depends on
the dimensidns of the tank, the use of damping devices, the previous test velocityland distance coyered,
the size and|shape of the current-meters and the suspension equipment immeérsed in the watel. The
stilling time pfter each travel of the cart shall therefore be decided and obseryved by the operator jof the
towing cart.

7.1.3 Datd analysis

7.1.3.1 Velocity v and the rotation rate n

The velocity|v of the cart can be calculated by dividing the'length of the measurement section EEy the
time. The rotation rate n of the current-meter can be calculated by dividing the number of revolyitions
by the time.

In the case ¢f a direct reading current-meter, the rotation rate n is replaced by the corresponding
velocity indi¢ated by its display.

7.1.3.2 Defermination of outliers

By using grgphical or mathematical methods any spurious value of v or n should be identified and
eliminated.

7.1.3.3 Calibration formulae

The result of calibration of the current-meter is expressed in the form of one or more formula(q) as a
best fit for the calibration points.

The best fit fpr-the calibration points can be derived graphically or by using mathematical analysis. For
example, many techniques for carTying out regression analysis tave been developed. 1 e mostcoinmon

technique is the simple or the polynomial linear regression. In this approach the calibration points are
often fitted using the least squares approach, but it may also be fitted in other ways. The result of the

regression is

a function shown as Formula (3):

v = f(n) (3)
where

v isthe velocity, in metres per second (m/s);

n isthe number of revolutions of the current-meter rotor per second (r/s).
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Most familiar is Formula (4):
v=a+bn 4)

where

v isthe velocity, in metres per second (m/s);
n  is the number of revolutions of the current-meter rotor per second (r/s);

a, b are constants determined for each function.

7.1.4| Presentation of results

The fpllowing information shall be provided:

a) cplibration formula(e);

b) ulncertainty of measurement;

c) npme and address of the rating laboratory;
d) dgte of calibration;

e) ake and type of current-meter;
f)
g)

h) type of meter suspension (rod mounted, ox cable suspended);

brial number of the current-meter and each rotog;

%)

<

hlidity range;

i) iflapplicable specification of the weight-for cable suspended meters;
j)  minimum speed of response;
k) témperature of the water irTthe rating tank.

Amorjg others, the following information can also be included in the result sheet:

D)

e

hlibration graph{graph of the calibration formula(e) with calibration points];

hlibration table”[calibration (rating) tables with values of v and n and other infgrmation like
bsolute orpercentage deviation indicating the accuracy of the calibration formula(e)];

g
L O

hlibration number;

S
(@)

0) spintime in case of cup-type current-meter in accordance with ISO 2537;

p) details of sinker weight, if used during calibration;
q) position of the current-meter in the cross section of the tank;

r) any remarks, for example, statements of any modifications made to the current-meter such as the
fitting of spare parts;

s) viscosity of the bearing oil;
t) signature of a responsible member of the staff at the rating laboratory;

u) any drawings and/or photographs illustrating the layout of the calibration arrangement.
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021(E)

7.2 Calibration of electromagnetic current-meters

7.2.1

Instructions for calibration

Before the sensor is immersed in water, it shall be checked for cleanliness, damage and for its electrical
function. If damage is observed during the initial visual inspection, consider first running the current-
meter in an as received state so any potential historic error can be quantified.

Prior to calibration, the sensor head of the current-meter shall be soaked in water for a period of at

least 30 min.

For calibrati

on thoe sancar chall ho manntoad an tho manntinag hraclkat af thao cart in cnich o vqy
eSO P e ot e Ot e H Ot e P o e S e Ot -t Sty ety

hat it

shall be immn
shall be perf

In case of el
know its zer
offset.) Henc
still water to
this should b

During calibi
to ensure thd

If the instru
recommendg

The record d
velocity of th

T —CIT

ersed in tank water at the specified depth and the orientation of the current-meter
ectly horizontal.

pctromagnetic current-meters, acquisition of measurement at zero speed'is ‘essent
0 offset. (The reading shown by the current-meter at zero velocity is known as it
e, before the start of the calibration test, a reading of the current-meter should be tal
determine the zero offset. If the instrument provides a zero-point ¢alibration functios
e applied in advance.

ation, care shall be taken to establish a sufficient number ofdifferent calibration veld
t the performance of the current-meter is satisfactory.

ment is specified for output of negative velocities, the calibration in reverse direct]
d.

f the average velocity determined by the electromagnetic current-meter and the ay
e cart shall simultaneously be taken over the'Same period of time of cart travel.

7.2.2 Mo

The electroagnetic current-meter sensing“head shall be kept scrupulously clean and fx

contaminati

Great care 3
elongated bd
Placement of
generated by

Tank water
meter. The ¢
Adequate elg
grounding la

ting the electromagnetic current-meter

n by grease. The manufacturer instructions regarding cleaning method shall be folld

hall be taken to orient the current-meter body horizontally, especially in the c:
dy shapes and where €lectrodes are located on only one face of the current-meter
the current-meter sé€nsing head shall be in a location shielded or free from magnetic
the cart drive motop and power rails.

shall be adequately conductive to ensure satisfactory performance of the cu
pnductivity,0f tank water shall be measured and recorded in the calibration certif
ctrical grounding of the current-meter, cart and tank water shall be ensured to pr
ops.

body

ial to

Zero
ken in
nality,

cities

ion is

erage

ee of
wed.

1se of
body.
fields

rrent-
icate.
event

7.2.3 Nu

ber of calibration points

The number

of calibration points should be selected according to 7.1.2.2.

The readings from the current-meter and the linking of these with the readings of the cart shall vary

based on the

a)
b)

type of display unit since

the current-meter electronic unit; unrelated to the cart speed measurement period, and

<)

measure

10

ments over a period of time, the start of which may be user defined.

the current-meter readings can be in the form of rapidly changing numbers on a digital display,

the current-meter readings can be in the form of an averaged value taken over a period defined by

the current-meter reading can be a value which has been generated by averaging the electronic
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