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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 1SO 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
Commissio

Internationg

Draft Intern
Publication

Attention is
rights. ISO

Internationa
related app
ISO 15212
— Part 1:
— Part 2:

h (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.
htional Standards adopted by the technical committees are circulated to the membér bodies f
drawn to the possibility that some of the elements of this part of ISO 15212)may be the subject
Shall not be held responsible for identifying any or all such patent rights.

| Standard ISO 15212-2 was prepared by Technical Committee’|SO/TC 48, Laboratory glass
bratus, Subcommittee SC 4, Density measuring instruments.

consists of the following parts, under the general title Oscillation-type density meters:
| aboratory instruments

Process instruments for homogeneous liquids

technical

br voting.

as an International Standard requires approval by at least 75 % of the member.-bedies casting & vote.

of patent

vare and
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Introduction

Density values of pure water at different temperatures and information on how to calculate the density values at
different pressures can be found in ISO 15212-1:1998, annex A.
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Oscil

lation-type density meters —

Part 2:
Process instruments for homogeneous liquids

1 Scope

This part|of ISO 15212 specifies metrological requirements, among others, for oscillation-type density mgters as well
as for functional units (see 4.2) of oscillation-type density meters, which are used in_process for gll kinds of
homogereous liquids. This includes liquified gases. Instructions and methods for installation, preadjustment,
adjustmgnt and calibration of process instruments are also given. The instruments are ‘€ither integral|{systems or
functional units, which can be combined into an integral measuring system.

This part]of ISO 15212 does not describe the method of use of process density\meters for particular applications or
products] e.g. petroleum products or beverages. Such methods of use can be/defined by relevant institutipns such as
ISO or rgsponsible Government agencies.

This part|of ISO 15212 does not define an instrument specification for any particular application. For this|information
referencg should be made to the relevant standard covering the method of use.

This parf of 1ISO 15212 is addressed to manufacturers of density meters and to bodies, testing and certifying the
conformify of density meters. This part of ISO 15212 also.gives recommendations for adjustment and cglibration of
process glensity meters.

Oscillatign-type density meters used in laboratories. are addressed in ISO 15212-1.

2 Normative references

The folloving normative documents contain provisions which, through reference in this text, constitute grovisions of
this part pf ISO 15212. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties/to, agreements based on this part of ISO 15212 are encouraged to investigate the
possibility of applying the most+tecent editions of the normative documents indicated below. For undated|references,
the latest edition of the normative document referred to applies. Members of ISO and IEC maintain [registers of
currentlyfvalid Internatiohal Standards.

ISO 15212-1:1998; Oscillation-type density meters — Part 1: Laboratory instruments

IEC 61010-1¢ Safety requirements for electrical equipment for measurement, control and laboratory use — Part 1:
General fequirements

IEC 61326-1, Electrical equipment for measurement, control and laboratory use — EMC requirements

Guide to the Expression of Uncertainty in Measurement (GUM). BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML

© 1SO 2002 - Al rights reserved
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3 Terms

and definitions

For the purposes of this part of ISO 15212, the terms and definitions given in 1ISO 15212-1 and the following apply.

3.1

preadjustment
(process density meter) adjustment performed in a laboratory environment before installation

NOTE Adjustment, see 3.1 of ISO 15212-1:1998.

3.2
laboratory

(process d¢g
environmen

NOTE Calij

3.3

in-situ cali
(process d
environmen

4 Princi

4.1 Meas|

The sensor
frequencies
through the
are used td
measuremsg

4.2 Func

Oscillation-
a) adensit
b)
c)
d)

a devicq
a devicg

a devicsg

calibration

t before installation

ration, see 3.2 of ISO 15212-1:1998.

Dration

bnsity meter) calibration of the installed instrument for its actual working conditions in a
t

ple and functional units

uring principle

5 used in density meters are electrically or mechanically induced oscillating systems, whose ¢
or periods are a function of the liquid density. Depending on the sensor design, the liquid can &
sensor or the sensor can be immersed in‘the liquid. Instrument constants of the adjusted dens
calculate the sample density from the,oscillation frequency or oscillation period and from a
nts, e.g. temperature or pressure.

fional units

ype process density meters shall consist of the following functional units:
y sensor through‘which the liquid flows or which is immersed in the liquid;
to determinécthe density sensor temperature;

to condition and/or preamplify the density sensor signal,

to€ondition and/or preamplify the temperature sensor signal;

nsity meter) calibration for the intended entire working range of the instrument performed‘in a laboratory

process

scillation
ither flow
ity meter
ssociated

e) aunitf

r cional nracaescsing aoutnut of reacsulte and fimmetional manitarina
—StgHapt HG-EthpHH-E+e StitS—aRatHReHO R RO RROHAG-

Optional functional units of process density meters may be:

f) atemperature transducer to measure the liquid temperature (see item 6 in Figure 1);

g) a pressure transducer to measure the liquid pressure (see item 7 in Figure 1).

The functional units a) to d) are often referred to as density measuring transducer (see item 8 in Figure 1). The unit e)
can be referred to as processing or indicating unit (see item 5 in Figure 1) and may accept additional signals or
process parameters, e.g. from a flow meter.

The functional units, items 5 and 8 in Figure 1, can be integrated into a single instrument or can be separate units.

© ISO 2002 — All righ
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Key
Density sensor [see4.2d)]

Temperature senson[See 4.2 b)]

Density sensor sighal preamplification [see 4.2 c)]
Temperatute ‘sensor signal preamplification [see 4.2 d)]
Processing or indicating unit [see 4.2 )]

Temperature transducer [see 4.2 f)]

Pressure transducer [see 4.2 g)]

Density measuring transducer
Liquid to be measured
Output (display, printer, interface)

© 00N O O b~ WN PP
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o

Figure 1 — Functional units of a process density meter
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5 Density sensor

5.1 Sensor material

Density sensor materials can be, for example, metal, metal alloys, coated metals or glass. The material is considered
to be suitable if it is compatible with the process liquids to be measured at the process conditions and with the
cleaning agents to be used in the density meter. Erosion, abrasion as well as special forms of corrosion shall be
considered in this respect since they have an impact on the accuracy of the instrument. The manufacturer shall
provide certificates about the sensor material on request.

5.2 Sens

Density sern
cylinders, b

constructed,.

6 Requi

6.1 Geneg

All the testg

6.2 Dens

6.2.1 Drift]

6.2.1.1 Wi
to 0,2 MPa
permissible

If the worki
measuring

6.2.1.2 Th

pr design

sors can be designed as straight, U-formed or omega-formed tubes. Other designs are tun
blls or membranes. All designs which conform with the functional principle in accordance with 4

rements and tests

ral

of this clause are intended to be type tests.

ty measuring transducer

hin 30 days, the drift of the measured density Apz, at a temperature of 20 °C, at a pressure of

error specified by the manufacturer for the instrument.

conditions of the-density meter shall not exceed 40 % of the specified maximum permissible err|

b test for the(drift determination shall be performed as follows:

install t
exampl

$

e instrument, preadjusted by the manufacturer, to a liquid circulation system; suited liquids ¢
water or mineral oil;

ng-forks,
1 can be

0,1 MPa

) (1 bar to 2 bar) and at a typical flow rate specified in the manual shall not exceed 20 % of the maximum

ng range of the density meter does not include the above mentioned conditions, the drift at the typical

or.

An be for

30 min;

record t

30 days

1) 1bar=

switch on the instrument and attemper it for 24 h;

he mean value p, of the density measurement;

10° N/m? = 0,1 MPa.

circulate the liquid through the instrument and record the density at least three times at (20 4+ 0,1) °C within

repeat the density measurement (without a new adjustment) and mean value calculation p, after a minimum of

© 1SO 2002 — All rights reserved
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Instrument, liquid circulation and thermostating device shall be in operation during the whole test.

During the minimum time period of 30 days between the two density measurements, the instrument shall be run at
least 2 days at a temperature of (10 & 1) °C and another 2 days at a temperature of (30 = 1) °C.

To calculate the drift, Apzg, use the following equation:

Apgy = ——— 1)

If the derfsity measuring transducer is not designed for a measuring temperature of 20 °C, testing shall b¢ performed
at the mgan measuring temperature of the density measuring transducer. The increased and decreased femperature
between [the two density measurements shall be +10 °C and —10 °C from this mean measuring.tempefature.

6.2.2 Efffect of liquid properties
6.2.2.1 [The density measuring transducer shall be constructed in such a way, that the maximum permisgsible errors
are in agcordance with the requirements given in 9.1 when measuring liquids.with different sound velocities and,
where appropriate, having different viscosities.
6.2.2.2 [or testing, use Newtonian liquids with known densities and sound velocities as well as, where @ppropriate,

known viscosities. They shall cover the intended application range of thé density meter specified by the manufacturer
with regard to sound velocity and viscosity. Testing shall be performed in accordance with 9.2.

6.2.3 Deviation between liquid and sensor temperatures
6.2.3.1 [The density measuring transducer shall be designed to minimize the deviation between liquid femperature
and sendor temperature. The density deviations due-to this temperature deviation at constant flow and femperature
shall not exceed 50 % of the specified maximum permissible error of the density measuring transducer.

6.2.3.2 [festing shall be performed by comparing the densities determined by the density measuring trarjsducer with
the actugl densities of a suitable test liquid of known density at three different temperatures, being approkximately the

transducer.
perature as
the density

ictual liquid

Ethanol, n-nonane or mineral oil are suitable test liquids for this test.

6.2.4 Effect of instrument parts oscillations

6.2.4.1 Measurement deviations arising from parasitic resonances of instrument parts on the density measuring
transducer shall not exceed 35 % of the maximum permissible error over the whole measuring range, specified for
the density measuring transducer by the manufacturer.

6.2.4.2 For testing, examine the oscillatory characteristics of the built-in density sensor provided by the
manufacturer. This test may not show any parasitic resonant points (see 3.3 of 1ISO 15212-1:1998) whose effects

© 1S0 2002 - All rights reserved 5
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exceed 35 % of the maximum permissible error specified for the density measuring transducer by the manufacturer
over the whole density measurement range.

6.2.5 Effect of instrument positioning

6.2.5.1 Unless otherwise specified by the manufacturer, the maximum permissible errors, in accordance with
Table 2 or in accordance with the manufacturer's specifications (see 9.1), shall not be exceeded if the position of the

instrument i

s turned 90° from the vertical and horizontal sample flow direction.

6.2.5.2 Te
and density

6.3 Liqui

6.3.1 Buill

6.3.1.1 Ift
sensor shal
the displays

5ting shall be performed in all three positions in accordance with 9.2 at constant temperature,

J temperature measurement

-in temperature sensor

be fitted in such a way, that a good thermal contact with the liquidkis guaranteed. The deviation
d and actual liquid temperatures shall not be greater than the‘maximum permissible error of th

measuring {ransducer multiplied by the factor 0,2 °C x kg~* x m®.

NOTE This

If the appli
mixtures, th

6.3.1.2 Te
with the act
(preferably

factor has been defined by assuming an extreme thermal defisity deviation of 2,4 kg x m™ K™%,

cation range of the density measuring transducer is limited to aqueous liquids and water-c
e factor to be multiplied by the maximum permissible error can be increased to 0,5 °C x kg ™!

5ting shall be performed by comparing ;the temperature determined by the built-in temperatu
Lal liquid temperature at three different temperatures, i.e. approximately the lower, upper and m
PO °C) of the specified liquid temperature range. Ambient temperature shall be kept constant

pressure

he process density meter is equipped with a built-in liquid temperature measurement, the temperature

between
e density

pntaining
i mS.

e sensor
an value
to within

+ 1 °C of the mean value for the specified‘ambient temperature range of the density measuring transducef. For this

test
switch @ liquid, for
at least

n the density measuring)transducer and circulate water, or, if water is not suitable, a typical test
1 h at a temperature as specified above and at a suitable flow rate;

determi et of the
density

he the actualliquid temperature as the mean value of the temperatures at the inlet and out
measuring_transducer, measured by suitable thermometers;

e thecdeviation between the actual liquid temperature and the temperature displayed by the density
Cer;

calculat]
transdu

The calculated deviations shall not exceed the maximum permissible error specified for the density measuring
transducer multiplied by the factor 0,2°C x m® x kg™* or 0,5°C x m® x kg~! (see 6.3.1.1) at all three
temperatures.

6.3.2 Separate temperature transducer

If the processing unit of the density meter (see item 5 in Figure 1) is intended to indicate the liquid temperature
measured by an external temperature transducer (see item 6 in Figure 1), its error of measurement shall not exceed
the maximum permissible error of the density measuring transducer multiplied by the factor 0,2 °C x m? x kg™! or
0,5°C x m® x kg~ (see 6.3.1.1).

© 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=d979d920dec086209259fb8e9bafc04b

ISO 15212-2:2002(E)

6.4 Display and output of results

6.4.1 Display of results

The disp

lay of results shall be designed in such a way that

— the density is displayed in kilogram per cubic metre or gram per cubic centimetre together with the measurement

unit;

— the resolution of the density display on a digital scale the values given in Table 1;

— one 9

and t

he spacing of the scale marks is minimum 1 mm.
Table 1 — Resolution and maximum permissible errors

cale interval on an analogue scale is equal to the maximum permissible error of the process-d¢nsity meter

Maximum permissible error Resolution Factor
kg/m?® kg/m?3
1,0 0,1 1/10
0,5 0,1 1/5
0,20 0,01 1/20
0,10 0,01 1/10

A displayl may be part of a separate indicating unit comprising a computer or calculator used for the evald
density results.

6.4.2 Additional outputs

Optional
— theo
— thetq
— then
— then

— thein
Additiong

A visual

manufaciurer's specification in accordance with 9.1.

displays shall be designed in such a way that

Scillation period or frequency is displayed on request and is clearly distinguished from the dens
mperature of the liquid is displayed’in-'degrees Celsius;

easurement unit is displayed tdgether with the measurement value;

alfunctions are displayed;

strument constants are_displayed on request.
| instrument datay if available, may be displayed on request.

check shall be performed to ensure that the resolution of the density display complig

6.5 Au

ilinr\J/ units and data transfer

ation of the

ty display;

bs with the

If the density meter consists of several separated units or if additional devices are connected, the data shall be
transferred unchanged and unaffected.

Additional devices for showing measured data shall display those unchanged and unaffected.

The interfaces, data transfer and additional units shall be clearly defined and work without susceptibility to
interferences, i.e. they shall not influence the data nor cause any malfunctions.

If the interfaces, data transfer and additional units differ from these definitions or are faulty, the output of the
measured data shall be clearly recognized as invalid.

© 1SO 2002 - Al rights reserved
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6.6 Safety requirements

The safety requirements specified in IEC 61010-1 shall be followed as far as they are applicable to oscillation-type

density met

ers.

Testing shall be performed in accordance with IEC 61010-1.

6.7 Electromagnetic compatibility

If not otherwise required by national or regional standards, the EMC requirements specified in IEC 61326-1 shall be

followed, as

Testing sha

7 Pread

7.1 Preaq

The proceg
performed
preadjustm
test rigs.

Preadjustm

far as they are applicable to oscillation-type density meters.

| be in accordance with the above-mentioned standards.
ustment and adjustment

ljustment of process density meters

s density meter shall be preadjusted according to the manufacturer's instructions. Preadju
by determining and setting the instrument constants (see 3.1 in ISO 15212-1:1998). A
Ent is not possible after installation of the density meter in the process environment. It require

ent can be performed with air and distilled or de-ionized water and should be performed at the

operating t
Tables A.1

7.2 Preaq
The densit
performed
accordanc

Preadjustm

bmperature and operating pressure. The density walues of water and of moist air are sp

and B.1 of ISO 15212-1:1998.

ljustment of density measuring transducers

measuring transducer shall be preadjtsted in accordance with the manufacturer's instructions.
sing a suitable processing unitthat has been adjusted in accordance with 7.4 and cali
with 8.1.4.

nt can be performed with-air’and distilled or de-ionized water and should be performed at the

stment is
5 a rule,
s special

intended
peified in

t shall be
brated in

intended

gpectively

erformed
surement
ients and

manufacturer

After each maintenance of the instrument, an adjustment of the density meter shall be performed.

7.4 Adjustment of processing units

t by the

Processing units shall be adjusted in accordance with the manufacturer's instructions. Adjustment is performed by
determining and setting instrument constants.

A verification of the adjustment can be performed either by using a simulator or by setting fixed values for density
measuring transducer signals.

© ISO 2002 — All righ
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8 Calibration

8.1 Laboratory calibration

8.1.1 Test liquids

2:2002(E)

To calibrate process density meters in a laboratory environment in accordance with this part of ISO 15212, test
liquids shall be used whose densities and, if applicable, viscosities and sound velocities are known to be within the
measuring range specified by the manufacturer as well as the working ranges of temperature, pressure and flow.

The den
measure
of the pr
test liqui
under ca

Calibrate
instrume

The test
the appli

8.1.2 Calibration apparatus for process density meters

For labor
is capab)
measurin

In order
apparatu

The com
total unc

maximum permissible error of the density meter.

8.1.3 Cdlibration apparatus for density measuring transducers

Calibratig
for proce

Additiond

ity values of the test liquids shall be determined traceable to national standards with an un
ment at the 95 % confidence level (K = 2) that is not greater than 30 % of the maximum perm
cess density meter or of the density measuring transducer to be tested. The density Jdetermir]
s shall be performed right after the density values have been recorded from thé|process de
ibration.

d oscillation-type density meters for laboratory use, hydrometers or pyknemeters, for example,
nts for the density determination of the test liquids.

iquids shall be selected with regard to the use of the process density’meter, i.e. their propertie
ation of the instrument as far as possible.

ptory calibration of process density meters the calibration apparatus shall be designed in such
e of performing correctly under the working conditions of liquid temperature, pressure ar
g the actual values of these working conditions-traceable to national standards.

to make measurements of various liquid densities, viscosities and sound velocities, the
5 shall be designed in such a way that.various test liquids can be used.

bined contributions of variations.and measurement uncertainties of the achieved working cond
prtainty of the density meter calibration at the 95 % confidence level (K = 2) shall not exceed

n apparatuses for density measuring transducers shall meet the requirements for calibration &
5S density meters (see 8.1.2).

lly,4t.shall contain a programmable processing unit. The instrument characteristics shall fit with

certainty of
issible error
ation of the
nsity meter

are suitable

5 shall meet

b way that it
d flow and

calibration

tions to the
30 % of the

\pparatuses

those of the

density n

neasuring transducer to be calibrated. The uncertainty contribution of this processing unit

at the 95 %

confidence level (kK = 2) shall not exceed 10 % of the maximum permissible error of the density measuring
transducer to be calibrated.

8.1.4 Calibration apparatus for processing units

Calibration apparatuses for processing units of process density meters shall electrically simulate density measuring
transducers.

They shall be capable of generating all relevant output signals of measuring transducers simulating various liquid
densities, temperatures, pressures and, where applicable, liquid viscosities, sound velocities and environmental

condition

S.
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Values of generated signals, e.g. frequencies, shall be traceable to national standards. The combined uncertainty of
these measurement signals at the 95 % confidence level (kK = 2) shall not exceed 15 % of the maximum

permissible

error of density measuring transducers specified in Table 2 (see 9.1).

8.1.5 Laboratory calibration procedure for process density meters

Each calibration is related to the actual set instrument constants. By reason of this, the instrument constants shall be
reported with the calibration result. Furthermore, each calibration is related to the selected measuring range, the
working ranges of temperature, pressure, and, where applicable, liquid viscosity and sound velocity as well as to the
environmental conditions. All relevant parameters influencing the measurement result shall be reported with the

calibration feSTIT.

Calibrationg shall be performed at constant liquid temperatures, liquid pressures, liquid properties and-envir
temperaturgs. The variation of each of these parameters influencing the measurement result shall*hot ex
values given in 8.1.2.

For validatipn of the process density meter accuracy, e.g. according to clause 9, calibration shall be perf
each specifled or selected calibration point (see 9.2.1) by the following procedure.

— Install t

select the measuring and working range according to the manufacturer's instructions.

— Set the
temperd

— Wait un

— Take a
time int

— From th

S
I

where 1]

— Calculaj
referend

Ap

— Calcula
contriby

e process density meter in the calibration apparatus, switch on the instrument and, where a

liquid temperature, the liquid pressure, the liquid flow and;~\wWhere appropriate, the envir
ture of the calibration apparatus.

il all set working conditions and the sensor temperaturecare’ stable.

minimum of 10 consecutive readings of the measured-density and the actual working parame

erval between two readings shall be at minimum 60 s:
e density readings p; calculate the mean valué.p and the standard deviation s as follows:
1 10
- Pi
n-
1=1

is the total number©f,réadings and 7 the counting index.

e the systematic.error of measurement Ap as the difference between the mean density p ar
e density pf0fthe test liquid used at the particular working conditions of temperature and pre

= P — Lret

e theluncertainty of measurement at the 95 % confidence level (kK = 2) from the un
tions” of the calibration apparatus used, the uncertainty contributions of the liquid densit

bnmental
ceed the

ormed at

bplicable,

bnmental

ters. The

)

®)

d known
ssure.

(4)

certainty
y and, if

applicabte;of othertiguit-propertiesand-fromtheabove catcutatedstandarddeviations maccordance with the
Guide to the expression of uncertainty in measurement (GUM).

List the calibration results in a table containing each of the following parameters in adjacent columns:

— the reference density of the liquid;

— the syst

ematic error of measurement;

— the uncertainty of measurement;

— other parameters influencing the calibration;

— the seti

10

nstrument constants.
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8.1.6 Laboratory calibration procedure for density-measuring transducers

The calibration of density-measuring transducers shall be performed like the calibration of process density meters
(see 8.1.5) using the calibration apparatus in accordance with 8.1.3.

When calculating the uncertainty of measurement, the uncertainty contribution of the processing unit in accordance
with 8.1.4 shall also be taken into account.

8.1.7 Laboratory calibration procedure for processing units

o1 apparatus

imulated by

If a procgssing unit can process and display also other parameters than density, suchras’temperature arjd pressure,
the calibfation of these separate measurement circuits shall be part of the calibration.

When calibrating a processing unit, a minimum of 10 readings shall be taken at.each specified or selected calibration
point (se¢ 9.2.1).

The evalliation of the readings of each measured parameter shall be performed by the following procedure.

— From|the readings x;, calculate the mean value x and the standard deviation s using Equations (2) and (3) given
in 8.1.5.

— Calcylate the systematic error of measurement Ax of each measured parameter as the difference between the
mearn values x and the known reference values z,-provided by the apparatus in accordance with(8.1.4 using
EquTon (4)in 8.1.5.

— Calculate the uncertainty of measurement of €ach calibrated measurement circuit at the 95 % confldence level
(kK 3 2) from the uncertainty contributions @fthe calibration apparatus used and from the standard fleviation s.

— List the calibration results in tabular form_(see 8.1.5).

8.2 In-s$itu calibration

8.2.1 Liguid

Calibratign of installed.process density meters and density measuring transducers can be performed by only using
the procgss liquid.

The dendity of the-process liquid shall be determined traceable to national standards conforming to the method given
in 8.1.1 for laboratory calibration.

If necessary, the Influence of temperature and pressure 1o the density of the liquid shall be considered. Therefore, the
liquid temperature shall be measured with a deviation to the actual liquid temperature as given in 6.2. The pressure
shall be measured with a deviation to the actual pressure in the liquid not greater than the maximum permissible
error of the density measuring transducer multiplied by the factor of 0,2 MPa x kg~ * x m® (2 bar x kg~* x m?).

NOTE For the definition of this factor a maximum pressure density deviation of 3 kg X m® x MPa™! (0,3 kg X m?® x baril) has
been assumed.

8.2.2 Apparatus

Pressure pyknometers are particularly suitable for traceable measurements of the liquid density under temperature
and pressure conditions existing in the process.

© 1S0 2002 - All rights reserved 11


https://standardsiso.com/api/?name=d979d920dec086209259fb8e9bafc04b

ISO 15212-2:2002(E)

To calibrate installed density meters or density measuring transducers, an installation shall exist to take liquid

samples fro

m the process.

If only density measuring transducers are to be calibrated, a programmable processing unit shall be used as
described in 8.1.3.

If only processing units are to be calibrated, electrical simulators shall be used as specified in 8.1.4.

8.2.3 In-situ calibration procedure for process density meters

Each calibrLtion is related to the actual set instrument constants which shall be reported with the calibfatio

Furthermor
where appl
parameters

Calibration
temperaturg

In-situ calib
— Switch

— Wait un
tempera

— Take a
measur
conside)

— Take thijee consecutive readings of the measured density and the actual working parameters. For an a

calibrati
manufa

List the cali

— the refe

— the systematic error ofeach of the three measurements;

— the unc

— the set

b, each calibration is related to process parameters such as temperature, pressure, liquid f

influencing the result of measurement shall be reported with the calibration result.

shall be performed at constant liquid temperature, liquid pressure, liquid_properties and envir
. If the process allows, the variation of these parameters shall not exceed the values given in 8

fation of the process density meter shall be performed by the follewing procedure.
bn the density meter according to the manufacturer's instruetions.
til the process parameters, such as liquid temperature,*liquid pressure, liquid flow as well g

ture and environmental conditions are stable.

ng instrument (see 8.2.2). The influence ofithe liquid temperature and the liquid pressure
red (see 8.2.1).

pon, at least two of the three readings shall not exceed the maximum permissible error specifi
Cturer or as specified in Table 2;

bration results in a table containing each of the following parameters in adjacent columns:

fence density of the process liquid;

brtainty of measurement;

nstrument constants;

h result.

ow, and,

cable, liquid viscosity and sound velocity as well as to the environmental copditions. Thetefore, all

bnmental
1.2.

S sensor

sample from the process liquid and measurg,the liquid density with a suitable calibrated density

shall be

ceptable
ed by the

— therele

/ant nrocess parameters
T L

8.2.4 In-situ calibration procedure for density measuring transducers

If a density measuring transducer is to be calibrated in-situ, the calibration shall be performed in accordance with

8.2.3.

8.2.5 In-situ calibration procedure for processing units

If a process

12

ing unit is to be calibrated in-situ, the calibration shall be performed in accordance with 8.1.7.
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9 Process density meter accuracy

9.1 Accuracy requirements

The maximum permissible error of the adjusted density meter shall be & 1 kg/m® in the measuring range specified
by the manufacturer. If lower values are specified by the manufacturer, these shall correspond to the values given in

Table 1 a

nd Table 2.

For functional units of process components of density meters the following values shall apply in the measuring range

specified

by the manufacturer:

a) dens
b) procsq
If lower \

process
functiona

ty measuring transducer: £ 0,8 kg/m?;

ssing unit: = 0,2 kg/m®.

alues are specified by the manufacturer, these shall correspond to the values given‘in Table 2.
Hensity meters (see 4.2) are tested and/or supplied, the maximum permissihle lerrors given ir
| units do not apply.

Table 2 — Maximum permissible errors of process density meters-and of functional unif

Values in kilograms per cubic n

If complete
Table 2 for

S

hetre, kg/m?®

Density meter Density measuring transducer Processing unit
1,0 0,8 0,2
0,5 0,4 0,1
0,20 0,15 0,05
0,10 0,08 0,02

9.2 Laboratory conformity test

9.2.1 Piocess density meters and density\measuring transducers

Process
test liquid
tested.

Process
temperat

If the process density meter or the density measuring transducer to be tested is designed for use

pressure
liquid:

Hensity meters and density measuring transducers shall be tested with at least three different |
s whose densities are distributed approximately uniformly over the measuring range of the instr

density meters and\density measuring transducers shall be tested with each test liquid at le
Lires, namely atthedower and upper ends and in the middle of the specified temperature workin

5, tests_under at least the following temperature and pressure conditions shall be performed wi

a) at a temiperature and at a pressure of the liquid whose values lie approximately in the middle of the

DW-ViSCosity
Ument to be

ast at three
g range.

at different
th each test

b respective

worki

ng ranges specified,

b) at a temperature and at a pressure of the liquid whose values lie at the upper end of the respective working
ranges specified,

c) at atemperature of the liquid which lies at the lower end of the specified temperature range and at a pressure of
the liquid specified in a), and

d) at a temperature of the liquid in a) and at a pressure of the liquid at the lower end of the specified pressure

worki

ng range.

As far as applicable, the temperature of 20 °C and the pressure of 101,3 kPa shall be used as preferential conditions
for the above-mentioned middle or the lower end of the temperature and pressure working ranges.
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