INTERNATIONAL
STANDARD

ISO
3455

Second edition
2007-06-01

Hydrometry — Calibration of current-

meters in straight open tanks

Hydrométrie — Etalonnage des modflinéts en bassins décq
rectilignes

uverts

e — Reference number
= = ISO 3455:2007(E)

© SO 2007


https://standardsiso.com/api/?name=98cedc5d5859f91b5cf244febb873604

ISO 3455:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=98cedc5d5859f91b5cf244febb873604

ISO 3455:2007(E)

Contents Page
o] =NV o iv
1 T o - P 1
2 Lo B LY== =Y =Y 4T 1
3 Terms and definitions..........coooiiiiicc e e e 1
4 Principle of calibration ... T e e e e e e 1
5 Design criteria for calibration stations.............cccccciriiii e S e s 1
5.1 Dimensions of rating (calibration) tank...........cccccccmimiirrcccccmrn e e e e 1
5.2 Rating carriage (trolley).......cii e snnr e s e e se s nmnne e e e e e e e nnne e e e e e s e 3
5.3 Measuring equipment...........cccciriiiiiiiiiirrre e ssesssmmeresesssess e e e 4
5.4 L0 14011 g =T o [T =1 04 T=1 3 P J U AR 5
6 Computerized data acquisition and processing system ......... 000 i e, 6
6.1 (D F= 1= B Lo o (1171 4o o U N 6
6.2 Data ProCesSSiNg .....ccccucierrriniiirrinnrre i e e 6
7 Calibration procedure..............iiiiiiiccrrr e e mse e mmn e e se s e e e s 7
71 Calibration of rotating-element current-meters........ ... 7
7.2 Calibration of electromagnetic meters...............sa i e, 13
© IS0 2007 — All rights reserved iii


https://standardsiso.com/api/?name=98cedc5d5859f91b5cf244febb873604

ISO 3455:2007(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, 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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft Interndtional Starjdards
adopted by the technical committees are circulated to the member bodies for voting>yPublication gs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 3455 wag prepared by Technical Committee ISO/TC 113, Hydrometfy, Subcommittee SC 5, Instruments,
equipment and data management.

This second gdition cancels and replaces the first edition (ISO 3455:1976), which has been technically re¢vised.
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INTERNATIONAL STANDARD ISO 3

455:2007(E)

Hydrometry — Calibration of current-meters in straight open

tanks

1 Scope

This |
well a
rating

nternational Standard specifies the procedure of calibration of current-meters of rotating-els
5 stationary-sensor type (electromagnetic type) in straight open tanks. It also specifies)the
carriage and equipment to be used and the method of presenting the results.

The p
meter

rocedure does not take into account any possible difference existing between-the behavioy
moving in motionless water and that of a fixed current-meter in turbulent flow.

2 Normative reference

The fpllowing referenced documents are indispensable for the<application of this docume
references, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO 7y 2, Hydrometric determinations — Vocabulary and symbols

ISO 2p37, Hydrometry — Rotating-element current-meters

3 Terms and definitions

For the purposes of this document,sthe terms and definitions given in ISO 772 apply.

4 Principle of calibration
Calibr,
and e
For th
a stra
meas

ption of a currént-meter means experimental determination of the relationship between
ther the rate“of revolution of the rotating element or the velocity directly indicated by the
s purposenthe current-meter is mounted on a towing carriage and drawn through still wate
ght tank~of a uniform cross section at a number of steady speeds of the towing carriage.

ement type as
types of tank,

r of a current-

ht. For dated
e referenced

iquid velocity
current-meter.
r contained in
Simultaneous
lement or the

irements of the speed of the towing carriage and the rate of revolution of the rotating e
veloci
pararr
stationary-se
corresponding carriage speed to know the error in measurement.

5 Design criteria for calibration stations

5.1 Dimensions of rating (calibration) tank

5.1.1 General

The dimensions of the tank and the number and relative position of current-meters in the tank
shall be chosen so that the test results are not affected.
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5.1.2 Length

The length of a rating tank can be considered as comprising accelerating, stabilizing, measuring and braking
sections.

The length of the accelerating and braking sections depends on the design of the carriage, the maximum
acceleration and deceleration achievable at maximum payload and the maximum speed at which the payload
is to be towed along the tank. Safety requirements of the carriage need to be taken into account while working
out the length of the braking section. The length of the measuring section shall be such that the calibration
error, which is composed of inaccuracies in the measurement of time, distance covered and rate of revolution,
does not exceed the desired tolerance at any velocity. The required length will, therefore, depend on the type

of current-me

er being calibrated, type of carriage and the way the signals are produced and transmitted

For example,
accurate to 0
duration of th
section of the
20 m would b

5.1.3 Depth
The depth of

particularly W
dependence {

Ve = @
where

g

d

The wave crg
instrument, c
continuity equ
cause an errg

the Epper eff¢ct depends on the.size of the current-meter(s) and suspension equipment, relative to the

sectional are
systematic an

The depth of
meters to be
attained befo
extrapolation.

is the¢ acceleration due to gravity;

is the¢ depth of water.

if measured times both for distance covered by the carriage and for the revolutions gount
01 s in order to limit the error in time measurement to 0,1 % at the 95 % confidence’ lev
b test shall be at least 10 s at maximum speed. If the maximum speed is 6 m/sythe mea
tank would be 60 m long. The total length of the tank would be about 100\’ of which
b for acceleration and stabilizing and 20 m for braking.

and width

he tank can have an influence on the test results which cannot'be regarded as negligible
hen the towing speed coincides with the velocity of propagation of the surface wavs
f this critical velocity, v, on tank depth is given by the Equation (1):

st produced by the current-méter and its means of suspension, which moves forward w
huses an increase in the height of the wetted cross section and thus, in accordance w
ation, a reduction of the relative velocity. This phenomenon, known as the Epper effec
r in calibration within @ narrow band in the velocity range from 0,5 v, to 1,5 v,. The magnit

h of the tank. It ‘may be little more than the uncertainty of a single calibration point.

d not a randonyherror. It may be negligible when a very small current-meter is being calibra

calibrated: Care shall be taken to ensure that either the calibration velocities in higher ran
e the\interference or that they exceed it sufficiently for the critical zone to be bridged W

bd are
B|, the
suring
about

more
. The

(1)

th the
th the
, may
Lide of
Cross-
tis a
ed.

he tank shall therefore be chosen to suit the size and the maximum velocity limits of the clirrent-

je are
ithout

The width of the tank is of importance because the Epper effect is more pronounced in a narrower tank. The
width also limits the number of instruments that can be calibrated simultaneously and has an effect on the
stilling characteristics (time taken for the water to become reasonably still).

For example, when a field type current-meter on rod suspension is being calibrated in a tank 1,83 m wide in
which the depth of water is 1,83 m, the Epper effect is greater at a speed of about 4 m/s (/9,81x1,83 ) and
amounts to 0,3 %. The size of the effect dies away on either side of the critical velocity, but is detectable at
velocities between 3 m/s and 5 m/s.
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Rating carriage (trolley)

General

During calibration, the current-meter is suspended from the carriage and immersed in the water at specified
depth and the carriage travels along the length of the tank at known and accurate speeds in the measuring
section.

5.2.2

Carriage track system

The carriage may run on two parallel rails which must be accurately aligned with both the length of the tank

and tH
wheel
cause
hardn
of the]
surfad

Anoth
and u
slippa
The b
and tH

a) T
s
C
c
c
by T
p
o]
c
in
The W

e surface of the water In the tank. It is essential that the rails are straight and that the
5 of the carriage are free of irregularities, otherwise the carriage will move with irregula
vibration which may be transmitted to the current-meter(s) and disturb the rating._JThe
bss of the rails and the driving wheels should be chosen so that there shall not be undue

e when not in use for a long time.
er track system may have toothed belts, mounted on both sides of the fank, driven by the

e or sag of the belt and in case the slippage or sag occurs, it shall be possible to remoy
blts shall be strong enough to withstand the load of the carriagethey have to transport dur|
e climatic conditions prevailing at the rating laboratory.

Types of rating carriages
llowing types of rating carriages are in common usage.

he towed carriage which is moved along the' track by a cable driven from a constant
anding apart from the moving carriagexThe towed carriage may be lighter in constru
bnsequent advantage of high acceleration and quick braking, but the elasticity of the tow
buse irregularities in the running-of-the carriage thereby affecting the accuracy of
blibration.

he self-propelled carriage which is moved along the track by internally mounted electric
bwer to the carriage maybeted by a trailing wire track system or by an overhead condug
her systems speciallyydesigned for the purpose. The self-propelled carriage will &
bnstruction as it haso, carry the driving motors. This results in greater inertia of the carriag
smoothing out the-tunning irregularities of the carriage.

eight of the fating carriage can substantially be reduced by using light but rugged n

rails and the
r motion and
material and
Wwear and tear

wheels. In the case of rubber tire wheels, provision shall be made to lift theywheels above the rail

guiding rollers

sed for transportation of the carriage. If this system is adopted, it shall be ensured that there is no

e it manually.
ng calibration

speed motor
ction with the
ing cable can
current-meter

motor(s). The
tor system or
e heavier in
e and assists

aterial for its

constiuction. The' lightweight carriage can achieve a high rate of acceleration/deceleration resulting in

relativi

5.2.4

ely smatler’ length of tank.

Carriage operation

The carriage shall travel smoothly and at constant speed in the measuring section of the rating tank ensuring
that oscillatory motion is not transmitted to the current-meters under calibration.

The carriage 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.

The carriage shall have smooth operational capability in both forward and reverse directions.

An interlock shall be provided in the system to ensure that the direction of start up is correct.

© 1SO 2007 — All rights reserved
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During calibration, the measuring equipment, sensors and other instruments shall not be affected by noise
and spurious signals induced by the mains power supply or carriage drive and control system or otherwise by
electrical equipment installed in the rating tank building and vicinity.

Normal braking of the carriage shall be accomplished by dynamic braking through the drive system. In
addition to normal braking, an alternate brake system shall also be provided on the carriage which would

automatically

activate during an emergency.

5.2.5 Carriage control

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

Ao

various functi

The unmanngd carriage is operated remotely without any operator on board. An on-board program

controller unit
The controlle
suitable digitq

5.3 Measuring equipment

5.3.1 Genel
The calibratio
a) distance
b) time; and
C) number g
The towing s
rotating-elemg
simultaneous

For acquisitio]
system as de

5.3.2 Distance measurement

Different met]
(see 5.3.5). T

the estab
mechanigq

a)

aoftha corciaan
Prio- O trhC—CaraygCs

controls various functions of the carriage, i.e., speed, acceleration, deceleration, brakin
exchanges control signals with the supervisory computer, installed in a controloroom th
| communication system.

al
h of a current-meter calls for the simultaneous measurement'of the following three parame

covered by the carriage;

f signals (pulses) delivered by the current-meter.

beed is calculated from the simultaneeus measurement of distance and time and, in ¢
bnt  current-meter, the rate of ,eurrent-meter revolutions (rotations) is obtained b
measurement of the number of signals (pulses) and the time.

h of calibration data, a strip chart recorder or magnetic tape or a computerized data acqu
scribed in 6.1 may be used.

hods are available for measurement of distance to the specified measurement unce
vo of the m@st common methods are as follows:

lishment of light barriers (markers) at regular intervals along the length of the tank which a
al.or.optical pulse transmitters fitted to the carriage;

mable
y, etc.
rough

ers:

hse of
y the

isition

rtainty

ctuate

b)

are drawn along the track by the carriage.

the use of measuring wheels with mechanical or photoelectric pulse transmitters/optical encoders which

In the case of use of a measuring wheel, it shall be ensured that there is no slippage during travel. An
additional method of precise speed measurement shall also be provided to check the accuracy of the
measuring wheel on a regular basis.
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5.3.3 Time measurement

A variety of methods are available by which time can be precisely measured. Two of the most common
methods are as follows:

a)

b)

5.3.4 | Current-meter signal measurement

a clock giving a contact pulse after one or several seconds (These time pulses are usually recorded on a
graph of a strip chart recorder or magnetic tape together with the pulses of the current-meter and
distances. The time corresponding to an integral number of pulses from the current-meter is usually
determined by interpolation of the time pulse.);

electronic clocks, capable of measuring fractions of a second, which time and display a preset number of
distance intervals and a corresponding number of pulses from the current-meter.

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

In thel case of rotating-element current-meters, the sensor of the current-meter shall generatg a clear and
positiye signal corresponding to the rotor revolutions. Normally, as per the designyof the systeq, the signals
are generated once per revolution, twice per revolution or in some cases once for five revolytions or even
once for ten revolutions. The signals received from the current-meter(s) may/be counted using the counting
device of the current-meter or recorded on strip chart recorder or magnetic.tape. In measuring {he number of
current-meter revolutions in a given time, it is important to measure between identical points oh the current-

meter|signal. It shall be ensured that none of the signals are missed

When| a recording of current-meter signals is made, the speed.@f the recording media shall be [adjustable so
that the separation of the current-meter signal shall be compatible with the speed of the carfiage and the

requirgd accuracy of the measurement.

In the| case of an electromagnetic current-meter, thelelectrical signals from its sensor are collected by its

contrdl unit (7.2.1) and displayed in the form of average value of velocity.

5.3.5 | Measurement uncertainty

The upcertainty of measurement of distance travelled by the carriage shall be within 0,1 % of the actual value

at 95 Y% confidence level.

The upcertainty of measurement of\time shall be within 0,1 % of the actual value at the 95 % confidence level.

The uhcertainty of measurement of current-meter signals shall be within 0,1 % of the actual valde at the 95 %

confidence level.

5.4

Other requirements

In order to increase the efficiency of the calibration process, provision of the following ancillary|equipment at

the rafing laboratory is desirable:

a)

b)

filtering, dosing and scum-removing equipment for the cleansing of the water and for keepipg it free from

algalarowth:
7 J 4

spending beaches, stilling devices or other similar devices to reduce the reflection of disturbance in the
water by the end walls of the tank (Alternatively, transverse curtains can be installed at intervals along the
tank and lowered to the bottom of the tank before the start of each run.);

means for checking that a cable-suspended current-meter is properly aligned at the start of a run and that
the current-meter is not swinging when measurements are started shall be available when the installation
is operated from a control room [Closed circuit television is useful for this purpose and also for observing
the behaviour of the rotating-element current-meters at speeds close to their minimum speed of response
(see 7.1.3.1).];

means for checking the orientation of the stationary-sensor type current-meters.

a hand-held thermometer to measure the temperature of the water in the tank.

© 1SO 2007 — All rights reserved 5
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6 Computerized data acquisition and processing system

6.1 Data acquisition

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

The on-board computer used for data acquisition shall take care of simultaneous logging of data of distance
covered by the trolley, time and signals received from various types of current-meters being calibrated.

The data acquisition software shall be interactive, user friendly and shall be well designed to accept the
following inpufdata:

— date and|time of calibration;

— make andgl type of current-meter;

— serial number of current-meter and each rotor;

— job number allotted by the rating laboratory;

— position ¢f current-meter on the carriage;

— water temperature;

— any othef relevant information related to calibration.

The data acquisition system shall be programmable in an.industry standard programming system/language
and shall comply with the standard communication protocols.

6.2 Data pfrocessing

The data progessing software shall be customized to process the calibration curves, calibration equations and
calibration tahles as described in 7.1.4.

Processing sgftware shall support detection of each output pulse of each current-meter and provide filtefing of
unwanted sigpals, and it shall also_support precise measurement of time duration of the specified number of
signals from the current-meter.

The recording and visualisation of the following shall be possible:

— realized gpeed vsutime;

— programmed, speed vs. time;

— realized speed error ) vs. time;

— simultaneous graphical presentation of carriage displacement, time and output of all the mounted current-
meters.

Generic functions/tools like least square estimation, statistical functions, and tabulation for rating tables shall
be provided in the processing software.

1) Realized speed error is the difference between programmed speed and realized speed.

6 © 1SO 2007 — All rights reserved
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The software shall be provided to support a database for the calibration document specified in 6.1 and it shall
be open and allow future extension/adaptation of the supported functions.

In the case of remote controlled carriage, data processing shall be executed by the supervisory computer in
the control room.

7 Calibration procedure

7.1 Calibration of rotating-element current-meters

7.1.1 | Instructions for calibration

The ipstructions to be given by the manufacturer/user of the current-meter to the (rating |aboratory for
calibration shall include:

a) the limits of calibration speeds;

b) dgtails of the means of suspension; for example, rod profile and dimensions, fixing mettod of electric
cables, type of suspension cable, type and mass of sinker weight, pesition of current-metegr with respect
tq support, etc.;

c) the specification of the oil to be used in case of oil-filled contact systems and bearings;

d) ifformation concerning the desired calibration documents; such as format of the calibratioh diagrams or
gbles, units in which the results are to be expressed,€tc.;

[}

e) pecial requirements, if any.

7.1.2 | Suspension of the current-meter

Attentjon shall be paid to the following pgints:

71.2.1 Before the current-meteriis immersed in water, it shall be checked for cleanliness, librication and
for it mechanical and electrical_functioning. It shall also be ensured that oil as recommeénded by the
manufacturer is used for the _current-meters with oil-filled contact systems and bearings during their servicing
prior tp calibration.

71.2.2 The suspension of the current-meter shall be as specified by the manufacturgr/user of the
currenjt-meter. This_shall usually be the same as that used during field measurement. If dyring the field
measlirements, thé~current-meter is attached near the lower end of the rod, it shall be mountedl in the same
positign on the.earriage during calibration. Should this not be the case, the current-meter shall be mounted far
enough from,the end of the rod to ensure that any influence from this quarter is eliminated. If the signal cable
is laid|outside the rod during field measurements, a similar cable, attached in the same way, shall be used for
the calibration. It should be noted that loose signal cables can influence the calibration result. T

71.2.3 The current-meter shall be placed at such a depth below the surface of the liquid that the surface
influence is negligible. For an axial-flow current-meter, a depth (liquid level to rotary axis) twice the diameter of
the rotary element is generally sufficient. A cup-type current-meter shall be immersed to a depth of at least
0,3 m or one and a half times the height of the rotor, whichever is greater. At higher towing speeds, there may
be separation of flow behind certain rod profiles, causing a decrease in the angular velocity as if a thicker rod
were used. This disturbance can often be eliminated by increasing the immersion depth, or by providing the
rod with a flaring at the water surface.

71.2.4 If several current-meters are calibrated at the same time, care shall be taken to ensure that there

is no mutual interference, or that the mounting is exactly reproduced in order that the interferences between
the current-meters are the same during calibration and during measurement.

© 1SO 2007 — All rights reserved 7
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71.2.5

A rod-supported current-meter shall be rigidly attached to the rod so that it is aligned parallel to

the direction of travel. A cable suspended current-meter shall be aligned with the direction of travel at the start

of each run.

7.1.2.6
must be chec

71.2.7

ked and, if necessary, adjusted before calibration tests are started.

If the current-meter is of the type which is capable of swivelling in a vertical plane, its balance

Care shall be taken to ensure that the carriage vibrations (especially noticeable at lower speeds)

and the rod vibrations (especially noticeable at higher speeds) are low enough not to influence the speed of

revolution of t
7.1.3 Perfo

7.1.31

The minimun
meter is defin
angular motio
the rotating el

71.3.2 Nu
Measurement
velocities to €
to carry out
expressed as
the lower end
range.

In accordanc
measuring po

he current-meter.

‘manece-of-ealibration

Minimum speed of response

ed as the minimum speed at which the rotor of the current-meter attains contintous and u
n. It is determined during calibration by gradually increasing the carriage“velocity from zer
ement revolves at a constant angular velocity.

Imber of calibration points
s shall be carried out from the minimum speed of response at a sufficient number of

tests at closer velocity intervals at the lower end of‘the range because the largest
percentage usually occur in this range. For example;:-0,10 m/s intervals should be provi
of the range, 0,25 m/s intervals in the middle of the range and 0,5 m/s at the upper end

aY

e with the current practice followed in @ _humber of rating laboratories, the total num
nts shall be as follows:

a) 8to 12 fgr calibration up to 2,5 m/s;
b) 12 to 18 for calibration up to 5 m/s;
c) 18 to 24 for calibration up to 8 m/s.
7.1.3.3  Stijling time

The water in {he tank shall-be relatively still before each test run and the waiting period between two c3
runs shall be|chosen s that residual velocities are negligible compared with the following test velocit
time needed for the_water to still depends on the dimensions of the tank, the use of damping device
previous test yelocity, the size and shape of the current-meters and of the suspension equipment immer
the water. The'siilling time after each travel of the carriage shall therefore be decided and observed
rating laboratories.

7.1.4 Analy

7141 De

speed of response (also called the threshold, or stall velocity) of a rotating~element cdrrrent-

niform
o until

owing

nable the calibration of the current-meter to be defined accurately. It will generally be necg¢ssary

errors
ded at
of the

ber of

rriage
. The
s, the
sed in
Dy the

sis of data

termination of translation and rotation speeds

If an electronic counter as described in 5.3.3 b) is used, the velocity v of the carriage and the rotation rate n of

the current-m

eter can be calculated by dividing the distance and the number of revolutions by the time.
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If a graph recording as described in 5.3.3 a) is used, the evaluation of v and n can be made in two ways.

a) Lengths corresponding to a certain number of pulses relating to the current-meter, to the distance and
time are measured along the recording strip in millimetres as shown in Figure 1.
The values of v and » are obtained from the following equations:
A
/ [-1
v=-=2=—""1 (m/s) (2)
LA
I
and
r
! 1
=3 =""1 (1/s) 3)
LI E
I
wherg
v| is the average velocity of the carriage, in metres per second (m/s);
t| is the number of seconds represented on the chart by-a trace of length /,, in millimetres|(mm);
/| is the distance between an integral number of*distance markers at the side of thg tank (or the
distance transmitted by the measuring wheetl), represented by a trace of length /,, in millimetres
(mm);
n| is the number of revolutions per second (r/s) of the current-meter rotor;
r| is the integral number of revolutions represented by the trace of length /3, in millimetres|(mm)
I I4 |
- /2 .
| LT L L L L L t
M M i M M /
I I I I r
- /5 .
Key
11 length (mm) of trace for ¢ seconds
I, length (mm) of trace for / metres
I3 length (mm) of trace for r pulses
t time, in seconds
| distance, in metres
r  current-meter, pulses
Figure 1
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b) The beginning and the end of the recording segments corresponding to a given number of pulses relating
to the current-meter on the one hand and to the distance on the other hand are projected into the time
recording line as shown in Figure 2. The interpolation between two time signals allows the exact duration
corresponding to the number of rotor turns and to the distance chosen to be determined. This method is
particularly suitable with long recording strips. In this case, the values of v and » are obtained from the
following equations:
n=""(ts) (4)
14

and
/

v=— (m/s) (5)
12

where

ty is the time (number of complete intervals and fractional intervals of time multiplied by the durafion of
one |nterval) corresponding to N revolutions of the current-meter rotor;
to is the time (number of complete intervals and fractional intervals of time multiplied by the duration of
one |nterval) corresponding to a travel of distance /.
- £
- ts
N I e A 6 6
M M I M M /
— 1 M M I M r

Key

t time, in se¢onds

[ distance, i metres

r  current-meter, pulses

Figure 2

71.4.2 Calibration curv

The calibration points are normally entered in a graphic system with the velocity v as the ordinate and the rate
of rotation of the rotor »n as the abscissa. In the case of propeller current-meter, in order to raise the accuracy
of the graphic entries to the highest possible level without having to choose too large a scale, a theoretical
rotor pitch is selected which lies close to the calibration curve and only the deviations, Av =v — kn, from the
auxiliary straight line are entered on the large scale [Figure 3 a)]. The curve of Av as a function of n can be
replaced with adequate accuracy by the straight lines A, B and C whose equations are easy to calculate

[Fig

10

ure 3 b)].
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a)

Key
1 ca]ibration cdrve

b)

X1 averageate of revolution of rotor (n), in revolutions per second
Y, average, velocity of carriage (v), in metres per second
X, average rate of revolution of rotor (1), in revolutions per second

Y, Av, in metres per second
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7.1.4.3 Calibration equations

The result of calibration of the current-meter is expressed in the form of one or more equations of the straight

lines as a best fit for the calibration curve. These equations shall be given in the following form:

v=a+bn
where
v is the velocity, in metres per second (m/s);
n s the number of revolutions of the current-meter rotor persecond (r/e);

(6)

a and b pre constants determined for each equation.

The equation|can also be given in the following form when it is convenient to show the time Y _correspaonding

to N rotor turns.

v=a+bi

7.1.4.4 Calibration tables

ting) tables are prepared using the experimental values 0f*v and n. The calibration equa
as a best fit for the calibration curve can be obtained on computer by adopting a suitable programme. In
to identify ang eliminate any spurious value of v or n which is likely to pass to the computer unnoticg
limiting values for the deviations of individual points from the*calibration curve shall be inserted

@)

ion(s)
order
d, the
n the

computer programme. The calibration tables can be produced in the form suitable to the gauging technique

used. In the
in a predeter

libration table, the velocity can be given forevery 0,01 r/s or for integer numbers of revo
ined time interval or corresponding to a predetermined number of revolutions.

Provision shall also be made in the calibration table to print the observed values of v and n along w
value of percg¢ntage deviation of individual observation points from the established mean rating curve sq
know the scater of each point from the mean curve. As a check for goodness of fit of the calibration

standard errof of the data shall also be stated as a percentage of mean velocity class and shall be relg
the 95 percent confidence limit.

7.1.5 Presentation of results
Results of callbration shall be\presented in one of the following forms:
— expressed solely.in the form of equations;

— expressed bythe calibration equations and also plotted as a calibration curve on the chart;

utions

th the

as to
curve,
ted to

— calibration table supplied in the form suitable to gauging technique.

In the case of a direct reading current-meter, the calibration results shall be presented in the tabular format
giving carriage velocity, corresponding velocity indicated by its display unit and the percentage deviation of

each indicated velocity from the carriage velocity.

The following information shall also be included in the result sheet:
a) name and address of the rating laboratory;

b) date of calibration;

c) calibration number;
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