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Rezumat: Metoda cdntaririi  hidrostatice  reprezintd metoda adecvata de etalonare a
densimetrelor/alcoolmetrelor din sticla, pentru un institut de metrologie care trebuie sa asigure
uniformitatea si trasabilitatea masurarilor. Este folositd de cele mai multe institute de metrologie din
lume, pentru etalonarea densimetrelor in intervalul de mdasurare de la 600 kg/m* la 2000 kg/m®, cu o
incertitudine extinsd mai micd decdt jumdtatea valorii diviziunii. In lucrare sunt prezentate considerente
teoretice si practice privind dezvoltarea metodei Cuckow in cadrul INM.
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Abstract: The hydrostatic weighting method represents the appropriate method to calibrate glass
hydrometers / alcoholmeters in a metrology institute that have to assure measurement uniformity and
traceability. This method is used by several metrology institutes worldwide to calibrate hydrometers in the
range of (600 ... 2000) kg/m* with an expanded uncertainty of less half of the indication’s width. In this
paper both theoretical and practical considerations regarding the development of the Cuckow’s method in

the INM are presented.
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1. INTRODUCERE

Densimetrele din sticla, cunoscute si sub
denumirea de areometre, sunt cele mai simple,
larg utilizate si extrem de eficiente instrumente
folosite pentru masurarea densitdtii lichidelor de
la 600 kg/m® la 2000 kg/m®, la o temperaturd
specificata (20 °C sau 15 °C) cu diferite clase de
exactitate. Clasele de exactitate sunt stabilite Tn
functie de distanta ntre diviziuni, intervalul de
masurare §i eroarea tolerata.

Densimetrele sunt folosite Tn industria
chimica si petrolierd pentru masurarea densitatii
sau greutatii specifice a lichidelor, in industria
berii pentru determinarea concentratiei alcoolice,
in industria zahdrului pentru determinarea
concentratiei masice a zahdrului din solutii, in
industria  laptelui pentru  determinarea
continutului de grasimi corelat cu densitatea
laptelui.  Indiferent de  denumirea lor
(alcoolmetre, lactodensimetre, densimetre
BRIX), densimetrele masoara doar densitatea
lichidului. Denumirea corespunde modului n
care este gradatd scara precum si a unitdtii de
masura.

Densitatea lichidului este masurata direct,
prin adancimea de imersie a tijei si citirea

1. INTRODUCTION

Glass hydrometers, also known in
Romanian language as ‘areometre’ are the
simplest, widely used and extremely efficient
instruments to measure the liquid density
ranging from 600 kg/m® to 2000 kg/m° at a
specified temperature of 20 °C or 15 °C, with
different accuracy classes. The accuracy classes
are established based on the width of the
graduated interval, measurement range and the
tolerated error.

Hydrometers are used in the chemical and
petroleum industry to measure the density or
specific weight of liquids, in brewer industry to
determine the alcoholic concentration, in sugar
industry to determine the mass concentration of
sugar in solutions, in milk industry to determine
the fat content in correlation with the milk
density. By whatever name they may be called
(alcoholmeters, lactometers, BRIX
hydrometers), the hydrometers measure only the
density of liquid. The name corresponds to the
way the scale is graduated and to the
measurement unit.

Liquid density is directly measured, by the
immersion depth of the stem and the reading of



reperului corespunzator a scarii gradate cu

suprafata orizontala a lichidului.

Metoda dezvoltata Tn cadrul INM pentru
etalonarea densimetrelor este metoda Cuckow,
care are avantajul folosirii unui singur lichid
etalon precum si obtinerea unei incertitudini de
atribuire a corectiei mult mai bune. Aceastd
metoda de ectalonare este adecvata pentru un
institut de metrologie care trebuiec sd asigure
uniformitatea si trasabilitatea masurarilor. Este
folosita ~ de cele mai multe institute de
metrologie din  lume, pentru etalonarea
densimetrelor in intervalul de masurare de la
600 kg/m® la 2000 kg/m® cu o incertitudine
extinsd mai micd decat jumadtatea valorii
diviziunii.

Densimetrele pot fi etalonate la diferite
repere de pe scara gradatd (de reguld la 10%,
50% si 90% din intervalul de masurare),
masurand forta arhimedicd cand densimetrul
este cantdrit Intdi In aer si apoi imersat intr-un
singur lichid etalon, a carui densitate este
cunoscutd la temperatura de referinta, iar tija
este conectatd la 0 balanta printr-un fir metalic.
Adancimea de imersie a densimetrului (la
reperele la care se face ctalonarea) este reglata
astfel incat, mijlocul reperului gradat si fie
aliniat la suprafata orizontala a lichidului .

2. PRINCIPII TEORETICE

Abordarea teoretica a etalonarii
densimetrelor prin metoda Cuckow se bazeaza
pe trei ecuatii de echilibru obtinute din situatii si
conditii diferite.

A) Daca densimetrul pluteste liber intr-un

lichid cu densitatea L, , la temperatura de
referinta Ty, ecuatia de echilibru este :

mg+nD7/x:ngx+ gvpal (1)

unde: m - masa densimetrului;
g - acceleratia gravitationala locala;
D - diametrul tijei densimetrului;
Pa - densitatea aerului in momentul citirii

densimetrului;
¥, -tensiunea superficiala a lichidului;

V - volumul densimetrului (partea imersata
n lichid);

v - volumul tijei densimetrului deasupra
suprafetei lichidului.

B) Atunci cand un densimetru este cantarit
in aer folosind greutati etalon, asupra lui
actioneaza doud forte: greutatea densimetrului n
aer si forta arhimedica datoratd aerului dislocuit

the scale’s indication that corresponds to the
horizontal surface of the liquid.

The method developed in the INM to
calibrate hydrometers is the Cuckow’s method,
having the advantage to use only one standard
liquid and to obtain a better uncertainty of the
assigned correction. This calibration method is
appropriate for a metrology institute having the
aim to ensure the measurement uniformity and
traceability. This method is used by most of the
metrology institutes worldwide to calibrate the
hydrometers in the range of (600 ... 2000)
kg/m? with an expanded uncertainty of less half
of the indication’s width.

The hydrometers can be calibrated at
different indications on the graduated scale (as a
rule at 10 %, 50 %, and 90 % of the
measurement range), by measuring the
Archimedes’ force when the hydrometer is
firstly weighted in air and then it is immersed in
a single standard liquid of known density at the
reference temperature, and the stem is connected
to the balance through out a metallic sheet. The
immersion depth of the hydrometer (at the
indications where the calibration is performed)
is adjusted in such a way the half of the
graduated indication to be in line to the
horizontal surface of the liquid.

2. THEORETICAL PRINCIPLES

The theoretical approach of the calibration
of the hydrometers using the Cuckow’s method
is based on the three equilibrium equations
obtained in different conditions and situations:

A) In the case the hydrometer floats free in a

liquid of p density, at the reference
temperature of Ty, the equilibrium equation is:

mg +nDy,=gVp,+ Qvp, 1)

where: m is the mass of hydrometer;
g — local gravity acceleration;
D — diameter of stem of hydrometer;

P. - density of the air at the moment

of reading hydrometer’s indication;
7 — surface tension of the liquid;

V - volume of hydrometer (the part
immersed in liquid)

v — volume of the stem of hydrometer
above the surface of the liquid.

B) when a hydrometer is weighted in air
using standards of mass, two forces act upon it:
the weight of hydrometer in air and the
Archimedes’ force - due to the air replaced by



de volumul densimetrului. Ecuatia de echilibru
este:

the volume of hydrometer. The equilibrium
equation is:

Maxg(l_&]:mg_g(v +V)[1+:B(T2 _To)]/oaz (2)

w

unde: M, - masa densimetrului in aer;
Pw - densitatea maselor etalon;

p - coeficientul expansiune termica a
sticlei din care este construit densimetrul;

T, - temperatura aerului ™ timpul
cantaririi;

a2 - densitatea aerului din timpul cantaririi.
Neglijand produsul vﬂ(T2 —TO) din ecuatia
(3) se obtine:

where: M, - is the mass of hydrometer in air;
p,, - density of standards of mass;
[ - coefficient of cubic expansion of the

glass used to construct the hydrometer;
T, - air temperature during the weighting;

Pa, - density of air during the weighting.
Neglecting vﬁ(T2 —TO) from the eq.(3), one
obtains:

Ma(l_&jz m_VPa2[1+:3(T2 _To)]_Vpaz 3)

Pw

C) Densimetrul este cantdrit, fiind partial
imersat ntr-un lichid de referintd cu densitatea
o, la acelasi reper ca si In cazul A), si la
temperatura T3 (astfel volumul V raméane
neschimbat). Asupra lui actioneaza doua tipuri
de forte si anume: greutatea densimetrului = si
forta datoratd tensiunii superficiale y, a
lichidului (care urca pe tija densimetrului), care
sunt echilibrate de forta arhimedicd sau
ascensionala a lichidului (dislocuit de volumul
V al densimetrului sub suprafata lichidului) si a
aerului (dislocuit de volumul v al tijei
densimetrului deasupra suprafetei lichidului).
Ecuatia de echilibru este:

C) The hydrometer is weighted being
partially immersed in a reference liquid of

p, density, at the same mark as in the case A) at

the temperature T; (thus the volume remains
unchanged). Two types of forces act against it:
the weight of hydrometer and the force due to
the surface tension y_of the liquid (climbing on
the stem of hydrometer); the two forces are
equilibrated by the Archimedes’ force (or
buoyancy) of the liquid (displaced by the
volume V of hydrometer under the surface of
liquid) and of the air (displaced by the volume v
of the stem of hydrometer above the surface of
liquid). The equilibrium equation is:

MLQ@-‘%J =mg’ +Dy, — g’\/pL[1+ﬂ(T3 _To)]_ g'Vpa3[1+ ,B(T3 _To)] (4)

unde: M_ - masa densimetrului in lichidul de
referinta;

Pz - densitatea aerului Tn momentul
cantaririi hidrostatice;

g’ - acceleratia gravitationala la nivelul
lichidului.

Deoarece contributia datoratd gradientului

de acceleratie gravitationald este neglijabila,
g’ = g, ecuatia (4) devine:

ML(l_p(ﬁJ:m_'_ﬂD}/L
Pw g

Considerand ca schimbarile in densitatea
aerului  p,, ™ volumul densimetrului (V+v)
sunt neglijabile, deasemenea si termenii vp,
—reprezentand forta arhimedica a aerului

where: - M_ is the mass of hydrometer in the
reference liquid,;

Pas - density of the air during the

hydrostatic weighting;
g - gravity acceleration at the liquid
level.
Since the contribution of  gravity
acceleration gradient is negligible, g' = g, the
equation (4) becomes:

-Vp, [1+ ﬂ(Ts -T, )] —VPa3 (%)

Considering that the changes in the air
densityp, and in the volume of hydrometer
(V+v) are negligible, and further considering the
term vp, (representing the Archimedes’ force of



dezlocuit de volumul v al tijei densimetrului
deasupra suprafetei lichidului sunt neglijabili,
densitatea lichidului, o, , Tn care densimetrul
pluteste liber la  reperul  corespunzator,
poate fi determinatd combinand ecuatiile (1), (3)

si (5):

the air displaced by the volume v of the stem of
hydrometer above the surface of liquid) as
negligible too, then it can be determined the
density of liquid p, where the hydrometer freely
floats at the corresponding indication by
combining the equations (1), (3) and (5):

i)
\ pW

Px ;(pL —Pa)
|:Ma(1_ paZJ_ML(l_ paS
£

Pw

3. DEZVOLTAREA
CUCKOW IN CADRUL INM

METODEI

In vederea dezvoltirii metodei Cuckow in
cadrul colectivului s-a ales urméatorul ansamblu
de masurare :

- balanta electronica etalon secundar ordinul
III, fabricatie Mettler Toledo tip AB 304-S;
rezolutia de 0,1 mg; sarcind maxima 320 g;

- sistem de termostatare format dintr-un
cilindru cu manta de termostatare in care
se introduce lichidul de referinta, pozitionat
sub balanta si introdus intr-o baie Thomson
(()je 70 I, cu o stabilitate a temperaturii de +0,02
G

- termometru digital cu termorezistentd din
platina, model DPT 100;

- micrometru cu parghie, cu valoarea
diviziunii de 0,002 mm;

- sistem de prindere a densimetrului care se
etaloneaza, suspendat de balanta printr-un fir de
inox cu diametrul de 0,7 mm;

- lupa pentru citirea reperului;

- pompd peristaltica pentru alinierea
nivelului lichidului la reperul dorit;

- echipament de masurare a conditiilor
atmosferice ambiante Tn momentul cantaririlor,
format din higrometru electronic, tip TESTO
350M/XL-454 cu rezolutia de 0,1 °C, respectiv
0,1 % umiditate relativa si barometru digital, tip
OPUS 10 TPR, cu incertitudinea extinsd U=12
Pa.

Procedura de etalonare a densimetrelor
din sticla prin metoda Cuckow constd 1in
cinci cantariri independente ale densimetrului
supus etalondrii, Intai n aer apoi partial imersat
intr-un lichid de referinta, aliniind suprafata
lichidului la reperul dorit a se etalona.
Etalonarea se realizeaza in trei puncte (repere)
ale scarii gradate a densimetrului, (de obicei 10
%, 50%, 90 % din scara densimetrului).
Densitatea  lichidului de referinta  este
determinatd cu ajutorul unui densimetru

j+ﬂD7Lg‘1

}X[l+ﬂ(T3 _To)]+pa2 (6)

3. DEVELOPMENT OF CUCKOW’S
METHOD IN INM

To develop the Cuckow’s method within the
Physico-chemical Group of the INM it was
chosen the following measurement system:

- balance, secondary measurement standard
11 order, Mettler Toledo AB 304-S type;
resolution of 0.1 mg, maximum load of 320 g;

- thermostatic system consisting of a
cylinder with thermostatic coating where the
reference liquid is introduced. The cylinder is
placed under the balance and it is introduced in
Thomson bath of 70 L, having a temperature
stability of + 0.02 °C;

- digital thermometer with Pt resistance,
DPT model;

- micrometer with lever having the
indication value of 0.002 mm:;

- system to hang the calibrated hydrometer,
suspended on the balance by a stainless steel
wire having a diameter of 0.7 mm;

- ocular to read the indication;

- peristaltic pomp to align the level of liquid
at the desired indication;

- equipment to measure the environmental
atmospheric conditions at weighting time,
consisting of an electronic hygrometer, TESTO
350M/XL-454 type, with a resolution of 0.1 °C
and 0.1 % relative humidity, and a digital
barometer, OPUS 10 TPR type, having an
expanded uncertainty of U=12 Pa.

The practical procedure for calibrating glass
hydrometer included five independent weights
of the hydrometer to be calibrated, first in air
and then partly immersed in a reference liquid,
aligning the surface of the liquid at desired
indication to be calibrated. Three points
(indications) of the graduated scale of
hydrometer are taken for calibration (usually 10
%, 50 % and 90 % from the graduated scale of
hydrometer). The density of the reference liquid
is determined by means of an electronic



densimeter before and after the calibration of
each glass hydrometer.

In table 1, standard measurement
uncertainties due to the equipment used in the
laboratory to realize the method are presented.

electronic Tnainte si dupa etalonarea fiecarui
densimetru din sticla.

Tn tabelul 1 sunt prezentate incertitudinile
standard datorate echipamentului folosit Tn
cadrul laboratorului pentru realizarea metodei.

Tabelul 1: Contributiile tipice ale marimilor de influenta
Table 1: Typical contribution of the influence quantities

Marimea de influenta/Influence quantity Incertitudinea standard/Standard uncertainty

Densitatea lichidului de referinta, o 0,01 kg/m®

The density of the reference liquid

Cantarirea in aer, |, 0,2mg

The indication of weighting in air

Cantarirea in lichid, I, 0,3mg

The indication of weighting in liquid

Densitate aer , px 0,0054 kg/m®

Density in air

Diametrul tijei, D 0,2 mm

Diameter of stem

Tensiunea superficiala a lichidului, 0,2 mN/m

Surface tension of the liquid

Temperatura lichidului Tn jurul densimetrului, T, 0,05°C

The temperature of the liquid around the hydrometer

Erori de citire 0,0087 kg/m*-pt.div.0,1 kg/m®

Reading errors 0,0173 kg/m*-pt.div.0,2 kg/m’
0,0433 kg/m*-pt.div.0,5 kg/m®

4 CARACTERIZAREA 4

. METROLOGICAL
METROLOGICA A METODEI

CHAi?ACTERISATION OF THE METHOD

S-au etalonat patru densimetre avand
intervale de masurare si valori ale diviziunii
diferite, si anume:

- 962,2 kg/m®...973,6 kg/m* valoarea
diviziunii 0,1 kg/m®;

- 910,0 kg/m®...940,0 kg/m* valoarea
diviziunii 0,2 kg/m®;

-1120,0 kg/m®...1150 kg/m?;
diviziunii 0,2 kg/m?;

-1020,0 kg/m®...1040,0 kg/m®; valoarea
diviziunii 0,5 kg/m®;

S-au stabilit corectiile de aplicat in fiecare
punct de etalonare, precum si incertitudinea de
masurare corespunzatoare.

Four hydrometers were calibrated, each one
having different measurement ranges and values
of the indication, as follows:

- 962.2 kg/m®...973.6 kg/m® indication
value of 0.1 kg/m?;

- 910.0 kg/m®...940.0 kg/m® indication
value of 0.2 kg/m®;

- 1120.0 kg/m®...1150.0 kg/m®; indication
value of 0.2 kg/m?;

- 1020.0 kg/m®...1040.0 kg/m®; indication
value of 0.5 kg/m”.

The corrections to be applied to each
calibration indication were established as well
as the corresponding measurement uncertainty.

valoarea

S-au folosit doua lichide de referinta: alcool

etilic p.a. si o solutie de acool etilic si apa
distilata avand concentratia masica 33,8%.

Exemplu de calcul :
Etalonarea unui densimetru din sticla, seria

7018, fabricatie Germania, aflat Tn dotarea
colectivului, cu urmatoarele caracteristici:

- intervalul de masurare: (1120,0...1150,0)

kg/m?;

-valoarea diviziunii: 0,2 kg/m?;
- coeficient de dilatare termica =2,6 X

Two reference liquids were used: ethanol
for analysis and a solution of alcohol in distilled
water having the mass concentration of 33.8 %.

An example of calculation:

For the calibration of a glass hydrometer,
serial number 7018, manufactured in Germany,
existing in the group, the following
characteristics were considered:

- measuring range: (1120.0...1150.0) kg/m®;

- value of indication of 0.2 kg/m®;

- coefficient of cubic expansion of = 2.6



10°/°C;
- tensiunea superficiald: 55 mN/m.
Etalonarea a fost facuta in urmatoarele
conditii de masurare:
- temperatura aer: (23,8...24,7) °C;
- umiditate relativa: (32,6...34,3) %;
- presiune atmosferica: (991,1...991,7) hPa;
- acceleratia gravitationala la nivelul
laboratorului: g =9,80538 m/s’;
- lichid de referinta: alcool etilic p.a. cu
tensiunea superficiala y, =22,31 mN/m.
Densitatea aerului s-a calculat cu formula
BIMP din 2007 [11, 12] folosind valorile
medii masurate ale presiunii P, temperaturii t,
umiditatii relative si considerdnd ca fractia
molard a CO, Xco, = 0,04%:

x10%/ °C;

- surface tension of 55 mN/m;

The calibration was performed under the
following measurement conditions:

- air temperature of (23.8...24.7) °C;

- relative humidity of (32.6...34.3) %;

- atmosphere pressure of (991.1...991.7)
hPa;

- gravity acceleration of g =9.80538 m/s*;

- reference liquid: ethanol for analysis
having the surface tension of 1 = 22.31 mN/m.

The air density was calculated with the
BIPM equation given in 2007 [11, 12] using the
average values of the measured pressure p,
temperature T, relative humidity, considering

the molar mass of CO, of X, =0.04%.

p./ [0°kg-m=)= [3,483740 +1,4446(x., —0,0004)- % (1-0,3780- x, )} (7)

S-a obtinut valoarea p, =1,1572 kg/m® +

0,0055 kg/m®. Incertitudinea de masurare
asociatd a fost evaluatd, luand Tn considerare
atat incertitudinea asociata formulei BIPM, cat si
incertitudinile ~ datorate  gradientilor  de
temperatura, presiune si umiditate relativa.

Etalonarea s-a efectuat in 3 puncte ale scarii
gradate, respectiv la reperele: 1128,0 kg/m?,
1136,0 kg/m® si 1150,0 kg/m®. La aceste repere
s-a masurat diametrul tijei.

The value p, =1.1572 kg/m*+0.0055 kg/m®

was obtained. The associated measurement
uncertainty was evaluated considering both the
uncertainty associated with the BIPM eq. and
the uncertainties associated with temperature,
pressure and relative humidity gradients.

The calibration was performed in 3 points of
the graduated scale: at 1128.0 kg/m® 1136.0
kg/m* and 1150.0 kg/m®. At these indications,
the diameter of the stem was also measured.

Tabelul 2: Rezultate obtinute: pentru reperul 1128,0 kg/m®
Table 2: Results obtained for the 1128.0 kg/m® mark

Indicatii balanta la cantarirea in aer
Nr. Indication of balance at the weighting

Indicatii balanta la cantarirea in lichidul
de referinta
Nr.  Indication of balance at the weighting in

No. in air No. the reference liquid
1 115.0530 g 1 34.3001 g
2 115.0531 g 2 34.3004 g
3 115.0528 g 3 34.3007 g
4 115.0527 g 4 34.3005 g
5 115.0525 g 5 34.3003 g

Media indicatiilor
Mean of indications
l.= 115.053000 g

Media indicatiilor
Mean of indications
= 34.300000 g

abaterea standard experimentala a mediei
experimental standard deviation of the mean

abaterea standard experimentald a mediei
experimental standard deviation of the mean

Us= 0.000 107 g U= 0.000 100 g
eroarea de histerezis eroarea de histerezis
0.000 20 g 0.000 20 g
incertitudine standard compusa incertitudine standard compusa
0.000 227 g 0.000 224 g




Tabelul 3. Calcul densitatii si bugetul de incertitudini pentru reperul 1128,0 kg/m®
Table 3. Density calculation and the uncertainty budget for 1128,0 kg/m*

Calcul densitate si buget de incertitudini pentru reperul 1128,0 kg/m3

Marime de influenta Valoare Unitate Incertitudine Unitate ~ Grade de  Distrib Coeficient de sensibilitate Valoare Unitate Contributie

Tensiune superficiald densimetru

standard libertate utie [kg/m?]
" -1
Densitate lichid de referinta o, = 0,791690  g/em®  0,000010  g/cm® 50 N —taxaDyxg ~ _ 1,425171 1 0,0143
la—IL+aDyLg ™t
-1
Densitate aer p,=  0,001157 g/cm®  0,0000054  g/cm® 1000000 R g taraDyxg © -0,425171 1 -0,0023
la—1L+aDyLg ™t
1+ DL —7x)e Tt
Masainaer 1,= 115,053 g 0,000 227 g N (/’Lfl’a)% -4160,54352 1m?® -0,0009
('a -l +/ﬂ37|_9’1)
Masa densimetrului in lichid de
Ia+zszxg’1
34,3 g 0,000 224 g N (pwa)ilz 13946,1159 1/m?® 0,0031
referinta || = ('a*'L*ﬂD7LQ J
(oL_p )ﬂg’l(larxflux*lan)
Diametru tija hidrometru D= 0,4553 cm 0,000 2 cm 1000000 R \YL-ra 72,7516075 kg/m* 0,0001

-1 2
('a*'L*”DVLQ j

7Dg -1

Pi=

0,055 N/m 0,000 5 N/m N (oL-pa)———7 14,2747769  (kg/m®).(m/N) 0,0071
¥Yx= la—IL+DrL9
Tensiune superficiala lichid referinta Dy 71[ Ia + D7y 71)
0,02231 N/m 0,000 2 N/m N (pL—pa)——— -20,3440008  (kg/m®).(m/N) -0,0041
"= ('a*'L‘fﬂDngfl)
Acceleratie gravitationala locald DO Vo — rla+ 7yl
9,80538 mis? 000010  mis? 1000000 R (pL_pa)Ritlazsxlatsull) -0,03378126 (kg/m®).(s¥m)  <0.0001
9= [g(la 1)+ Dy P
Temperatura de lucru  (include g+ ”Dyxg—l
19,98 °c 0,05 °c N (L-ra )7, T 0,02816611  (kg/m>)/K 0,0014
uniformitatea si stabilitatea) T | = a L =
Temperatura de referinta T o= 20 oc neaplicabil neaplicabil
Coeficient de dilatare termica sticla 1a+D yxg—l
2,50E-05 1K 2,00E-06 1K N (pL-pa)—2—"=22——(T3-To) .22,5328915 (kg/m?).K <0.0001
p= la—IL+7DrL9
Eroare de citire €= 0,0002 q/(:m3 1,73205E-05 q/(:m3 1000000 R 1 1 1 0,0173
Densitate in conditii de referinta . 5 . -
o= 1,127802 g/lcm® incertitudine standard compusa U= 0,0243 kg/m®
«=
grade efective de libertate Vef= 382
factor distributie Student tos(veff)= 1,97
Densitate in conditii de referinta
1127,802 kg/m?® incertitudine extinsa U gs= 0,048 kg/m?®

Incertitudinea standard compusi a fost
obtinutdi combindnd toate incertitudinile
standard ale marimilor de influenta care decurg
din ecuatia (6).

S-au obtinut diferite incertitudini standard
compuse in functie de tipul densimetrului folosit
la etalonare. Incertitudinea standard compusa
depinde, in principal, de valoarea diviziunii
densimetrului, de distanta Intre repere si de
domeniul densimetrului de etalonat. Tn general,
pentru fiecare tip de densimetru, distanta intre
repere este aproximativ constantd pe intreg
domeniul, astfel Tncat, incertitudinea datoratd
erorii de citire creste cu valoarea diviziunii.

Incertitudinile partiale datorate densitatii
lichidului de referinta, a tensiunii superficiale a
lichidului de referintd si a citirii densimetrului
sunt predominante. Deasemenea, se observa ca,
pentru densimetrele cu valoarea diviziunii de 0,1
kg/m®, incertitudinea partiald datoratd densitatii
lichidului de referintd este principala contributie
la incertitudinea standard compusa, aceasta
contributie scade la jumatate pentru
densimetrele cu valoarea diviziunii de 0,5 kg/m®,
pentru care incertitudinea partiald datoratd erorii
de citire are contributia principala.

Incertitudinile extinse obtinute prin cantarire
hidrostatica fatd de incertitudinile extinse
obtinute prin comparare directa (folosita pina

The combined standard uncertainty was
obtained by combining all standard uncertainties
of the influence quantities given in the eq.(6).

Different combined standard uncertainties
were obtained depending on the type of
hydrometer used in calibration. In principle, the
combined standard uncertainty depends on the
indication value, the width between indications
and the measurement range of the hydrometer.
As a rule, for each type of hydrometer, the
distance between indications is approximate
constant on the entire range, thus the uncertainty
due to the reading error increase with the
indication value.

The uncertainties due to the density of the
reference liquid, surface tension of the reference
liquid and to the reading of the hydrometer are
the predominant ones. Also, one can notice that
for hydrometers having the indication value of
0.1 kg/m®, the uncertainty due to the reference
liquid is the main contribution in the combined
standard  uncertainty.  This  contribution
decreases to half for hydrometers having the
indication value of 0.5 kg/m®. In such cases, the
uncertainty due to the reading error is the main
contribution.

A comparison between the expanded
uncertainties obtained using the weighting
method and the direct comparison (used up to




acum n laborator) sunt prezentate in tabelul 4:

now in the laboratory) is given in table 4.

Tabelul 4: Incertitudini extinse folosind metoda Cuckow si compararea directa
Table 4:. Expanded uncertainties estimated using the Cuckow’s method and direct comparison

Valoarea diviziunii
Indication value

Incertitudinea extinsa
Metoda Cuckow
Expanded uncertainty
Cuckow’s method

Incertitudinea extinsa
Metoda compararii directe
Expanded uncertainty
Direct comparison method

0,1 kg/m® 0,03 kg/m® 0,1 kg/m®

0,2 kg/m® 0,05 kg/m’ 0,1 kg/m®

0,5 kg/m® 0,10 kg/m’ 0,2 kg/m®
5. CONCLUZII 5. CONCLUSIONS

Metoda de etalonare a densimetrelor din
sticla prin metoda Cucow, dezvoltata in cadrul
laboratorului Marimi Fizico-Chimice din INM a
fost caracterizatd din punct de vedere al
prin estimarea incertitudinii extinse.

Rezultatele  obtinute au indicat o
incertitudine extinsd comparabilda cu cele
declarate in CMC-urile publicate pe site-ul
BIPM.
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