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Rezumat: Termometrele din sticla cu lichid sunt utilizate in diverse domenii ale industriei, medicinei si
cercetarii, de cele mai multe ori pentru evaluarea conditiilor de mediu. Institutele nationale de metrologie
din cele mai multe tari, inclusiv institutul nostru BRML-INM, au declarat la BIPM serviciile de etalonare
ale acestor termometre printre Capabilitatile de Masurare pentru Etalonare (CMC-uri). BRML a
organizat pentru a doua oard in ultimii cinci ani o comparare interlaboratoare pentru etalonarea unui
termometru din sticla cu lichid, colectivul Temperaturi din cadrul laboratorului Termometrie al
Institutului National de Metrologie fiind desemnat laborator pilot i laborator de referingd. Au fost 13
laboratoare participante, din subordinea BRML. Rezultatele obtinute in urma compararii
interlaboratoare constituie o modalitate de monitorizare a validitatii rezultatelor efectuate §i furnizeaza
incredere beneficiarilor care solicitd acest tip de etalonare. Etalonul itinerant utilizat a fost un
termometrul din sticla cu mercur, cu imersie totald, domeniul de masurare intre 0 si 50° C si valoarea
diviziunii de 0,1° C. Masurarile s-au efectuat la valori intregi ale temperaturii pe intreg domeniul
termometrului. Rezultatele masurarilor, functia de modelare si bugetul incertitudinii de masurare asociate
au fost prezentate intr-un raport de etalonare, de catre fiecare laborator participant.
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Abstract: Liquid in glass thermometers are used in various fields of industry, medicine and research, most
often to assess environmental conditions. National metrology institutes in most countries, including our
Metrological Institute, BRML-INM, declared at BIPM services including calibration of these
thermometers for calibration measurement capabilities (CMC's). BRML organized for the second time in
the last five years an interlaboratory comparison for the calibration of a liquid in glass thermometer, for
which temperature group of the Thermometry Laboratory team of the National Institute of Metrology was
appointed as pilot and reference laboratory. There were 13 laboratories participating, subordinated to
BRML. The results of interlaboratory comparisons is a way of monitoring the validity of results performed
and provides confidence for customers requesting this type of calibration. Itinerary standard was a total
immersion mercury in glass thermometer, with the measuring range between 0 and 50 °C and the scale of
0.1 °C. Measurements were made at valuesthroughout the whole temperature range of the thermometer.
Measurement results, the modelling function and associated measurement uncertainty budget were
presented in a calibration report by each participating laboratory.
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1. INTRODUCERE

Termometrele din sticla cu lichid (TSL),
unele dintre cele mai vechi mijloace de masurare
a temperaturii, au avut un rol primordial in
dezvoltarea termometriei. Pé&nd la inventarea
unor noi tipuri de traductoare de temperatura,
timp de cel putin 200 de ani acest domeniu al

1. INTRODUCTION

Liquid in glass thermometers (LGT), some
of the oldest means of measuring temperature,
had a leading role in the development of
thermometry. By inventing new types of
temperature transducers for at least 200
years this area was based on metrology using



metrologiei s-a bazat pe utilizarea TSL. Acestea
din urma reprezintd si astazi o solutie eficienta
din punct de vedere economic, pentru anumite
aplicatii care sunt realizate pe un domeniu ingust
de temperaturd. Lungimea cit mai micd a
domeniului permite deseori din constructie
imprimarea unei diviziuni cu o valoare mai
scazuta, rezultand astfel ca, atat rezolutia, cat si
exactitatea termometrelor sa fie mai mari.

Acest tip de termometre prezinta si o serie
de avantaje datorate in principal caracteristicilor
constructive. Astfel, TSL sunt utilizate pentru
masurarea temperaturii pentru orice domeniu
cuprins intre -196 si 650° C si pot masura
diferente de temperaturd de panda la 1 mK
(proprietate caracteristica in special
termometrelor din sticla cu mercur, datorita
coeficientului foarte mic de dilatare al acestui
metal lichid de max. 0,000 2). Alte proprietati
importante sunt si: stabilitatea chimica a sticlei
termometrice (TSL sunt foarte eficiente pentru
utilizarea frecventd In medii agresive, rezistand
pana la zeci de ani), sunt mai usor de utilizat fata
de cele mai multe dintre traductoarele de
temperatura (masurarea se face prin citire
directd) si nu in ultimul rand, caracterul autonom
al TSL datorat in special principiului de
functionare.

in ciuda naturii fragile a sticlei si toxicitatii
mercurului, si desi in multe aplicatii au fost
inlocuite de termometrele  digitale cu
termorezistente, termocupluri sau termistoare,
TSL sunt inca foarte populare i In acceptiunea
populara ele sunt ,,adevaratele” termometre.

Lucrarea de fatd descriec modul de
desfagurare si rezultatele compardrii interla-
boratoare pentru etalonarea unui termometru din
sticla cu lichid cu domeniul intre 0 si 50° C si
diviziunea de 0,1° C, comparare desfasurata in
perioada 2009-2010, la care au participat 14
laboratoare de metrologie din cadrul BRML.

2. CAPABILITATI DE MASURARE
PENTRU ETALONAREA TERMOMETRE-
LOR DIN STICLA CU LICHID (CMC-uri)

Pe langd atuurile descrise mai sus,
importanta termometrelor din sticla cu lichid
este confirmatd si de numarul relativ mare de
CMC-uri declarate si publicate la BIPM: din 50
de tari cu CMC-uri publicate la BIPM pentru
domeniul termometriei, 38 au publicate CMC-
uri pentru TSL, fiind la un nivel comparabil cu
cel al CMC-urilor declarate pentru alte mijloace
de masurare a temperaturii in industrie, cum sunt
termorezistentele i termocuplurile, dupa cum se
poate vedea in figura 1. Pentru tara noastra, prin
Institutul National de Metrologie, sunt publicate

LGT. The latter are still an effective solution
economically, for certain applications that
are made in a narrow temperature range.
The smallest length of the field of design
often allows printing division with a lower
value, resulting in that the resolution and
accuracy of thermometers to be higher.

This type of thermometers also presents a
number of advantages due mainly constructive
characteristics. Thus, LGT are wused for
measuring temperature for any range between -
196 and 6500 C and can measure temperature
differences of up to 1 mK (property
characteristic especially for the mercury in glass
thermometers, because of very low expansion
coefficient of this liquid metal, max. 0.000 2).
Other important properties are: chemical
stability of the thermometric glass (LGT are
very efficient for frequent use in aggressive
environments, resisting up to decades), are
easier to use than most of the temperature
transducers (measurement is made by direct
reading) and not the least, autonomous nature of
the LGT mainly due to operating principle.

Despite the fragile nature of glass and
mercury toxicity, and although in many
applications have been replaced by digital
thermometers with resistance thermometers,
thermocouples or thermistors, LGT are still very
popular and in the popular sense they are "true"
thermometers.

This paper describes the conduct and results
of interlaboratory comparison for calibration of
a liquid in glass thermometer with the range
between 0 and 500 C and the division of  0.10
C, comparison conducted in the period 2009-
2010, involving 14 metrology laboratories
subordinated to BRML.

2. CALIBRATION MEASUREMENT
CAPABILITY WITH LIQUID IN GLASS
THERMOMETERS (CMC's)

Besides the advantages described above, the
importance of liquid in glass thermometers is
confirmed by the relatively high number of
countries that declared CMCs that are published
in the BIPM database: among 50 countries with
thermometry CMCs published by BIPM, 38
sites have published CMC for LGT, being at a
level comparable to that of CMCs reported for
other means of temperature measurement in
industry, such as resistance thermometers and
thermocouples, as shown in figure 1. For our
country, by the National Institute of Metrology,



in baza de date a BIPM 37 de CMC-uri pentru
domeniul termometriei, din care 5 sunt pentru
etalonarea TSL (vezi www.bipm.org), acoperind
intervalul de temperaturi intre -196 si 400° C. in
prezent, in laboratoarele de metrologie,
etalonarea pentru acest tip de termometre este
printre cele mai solicitate servicii.

Asa cum aratd K.D. Hill & co, Institutul
NIST din SUA si Institutul NRC din Canada au
organizat in anul 2008 o comparare bilaterala
pentru etalonarea a saisprezece termometre din
sticla cu lichid, ale caror domenii de etalonare au
acoperit un interval de aproape 350° C, aratand
continuarea preocuparii institutelor nationale de
metrologie pentru optimizarea metodelor de
etalonare a TSL.

are published in the BIPM database 37 CMCs
for thermometry, 5 of which are for the
calibration of LGT (see www.bipm.org),
covering the temperature range between -196
and 400° C. Currently, in the metrology
laboratories, calibration for this type of
thermometers is among the most requested
services.

As shown by K.D. Hill & Co, U.S. Institute
of NIST and the NRC Canada Institute
organized in 2008 a bilateral comparison for
calibration of sixteen liquid glass thermometers,
whose ranges of calibration covered an interval
of about 350° C, showing continuing
preoccupation of national metrology institutes to
optimize the calibration of methods LGT.

Fig. 1. Prezentarea comparativa a numarului de tari cu CMC-uri publicate la BIPM pentru etalonari de
termometre industriale / Comparative presentation of the number of countries with the CMC's published in
BIPM for calibration of industrial thermometers
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3. COMPARARI
TOARE NATIONALE
TERMOMETRIEI

INTERLABORA
iN DOMENIUL

in Tabelul 1 sunt prezentate cronologic
compardrile interlaboratoare organizate de
BRML- Directia Autorizari. Rezultatele obtinute
in urma compardrii interlaboratoare constituie o
modalitate de monitorizare a  validitatii
rezultatelor efectuate si furnizeaza incredere
beneficiarilor care solicita acest tip de etalonare.
Temele acestor proiecte au fost propuse de cate
unul dintre laboratoarele regionale participante
si INM a fost desemnat laborator pilot (LP) si de
referinta (LR).

3. NATIONAL INTERLABORATORY
COMPARISONS IN THE FIELD OF
THERMOMETRY

In Table 1 are listed chronologically
interlaboratory  comparisons organized by
Authorizations Department of BRML. The
results of interlaboratory comparisons is a way
of monitoring the validity of results performed
and provides confidence of customers requesting
this type of calibration. The themes of these
projects have been proposed by one of the
participating regional laboratories and INM was
appointed pilot (PL) and reference laboratory
(RL).



Se observa o 1mbunatatire semnificativa a
rezultatelor raportate 1In timp de catre
laboratoarele participante, printr-un pro-cent
crescut al numarului de locatii ce au obtinut
conformitate pentru toate punctele de etalonare.

There is a significant improvement over
results reported by laboratories participating
through a high percentage of the locations
number that have achieved conformity for all

calibration points.

Tabel 1. Comparari interlaboratoare nationale in domeniul termometriei
Table 1. National interlaboratory comparisons in the area thermometry

Perioada de desfasurare si denumirea
comparirii interlaboratare
Period and name of interlaboratory comparison

Numarul de locatii ale
laboratoarelor regionale
participante / Number of the
locations of regional
participating laboratories

Numarul de locatii care au
conformitate pentru toate
punctele de etalonare / Number
of locations with conformity for
the all points calibration

2003 - 2004 Etalonarea termometrelor din sticla
cu mercur in domeniul de temperatura (35...45)
°C / Calibration of mercury in glass
thermometer the temperature range (35...45) °C

2005 — 2006  Etalonarea unui termocuplu in
domeniul de temperatura (300 ... 1200) °C/
Calibration of a thermocouple in the temperature
range (300 ... 1200) °C

2007 — 2008 Etalonarea unui termometru din
sticla cu lichid cu valoarea diviziunii de 0,1 °C /
Calibration of a liquid glass thermometer value
of the scale of 0.1°C

10 3

2009 — 2010  Etalonarea unui termometru din
sticla cu lichid cu domeniul intre 0 si 50 °C si
valoarea diviziunii de 0,1 °C / Calibration of a
liquid glass thermometer with the temperature
range between 0 and 50 °C and value of the
scale of 0.1°C

13 6

4. ORGANIZAREA COMPARARII
INTERLABORATOARE

4.1 Participanti

in cadrul acestei compariri interlaboratoare
au participat: BRML — DA - organizatori, INM —
LP si LR, si 13 locatii ale laboratoarelor
regionale din structura Biroului Roman de
Metrologie Legald, aratate in tabelul 2.

4. 2 Etaloane si utilaje

Etalonul itinerant utilizat a fost termometrul
din sticlda cu mercur cu imersie totala, seria
5392, cu domeniul de masurare (0 ... 50)° C si
valoarea diviziunii de 0,1° C. In tabelele 3 si 4
sunt prezentate etaloanele si echipamentele
utilizate de laboratorul pilot pentru etalonare,
impreund cu parametrii lor caracteristici.
Termometrul din sticld cu mercur utilizat ca
etalon itinerant a fost etalonat initial la INM si a
fost transportat intre laboratoarele participante,
conform schemei de circulatiec a etalonului,
mentionata in Ghidul compararii
interlaboratoare.

4. ORGANIZING OF THE INTERLA-
BORATORY COMPARISON

4.1 Participants

In  this interlaboratory = comparison
participated: BRML - DA - organizers, INM -
LP and LR, and 13 regional laboratories
locations of the Romanian Bureau of Legal
Metrology structure, shown in Table 2.

4.2 Standards and equipment

Itinerary standard used was a mercury in
glass total immersion thermometer, series 5392,
with measurement range (0 ... 50) ° C and value
of the scale division of 0.1 © C. In Tables 3 and 4
are shown the standards and the equipment used
for calibration by the pilot laboratory, together
with their parameters and characteristics.
Mercury in glass thermometer used as itinerary
standard, was initially calibrated by INM and
then was transported between participating
laboratories according to the circulation scheme
of the standard, mentioned in the interlaboratory
comparison guide.




Transportul termometrului s-a efectuat
numai ca bagaj de mana, intr-un ambalaj
corespunzator si In pozifia verticala marcata pe
ambalaj, pentru a se evita intreruperea coloanei
de mercur. Dupa revenirea sa la INM, Ila
incheierea masurarilor, termometrul a fost
reetalonat de laboratorul pilot si de referinta.

Transportation the thermometer was done
only as hand luggage, in appropriate packaging
and in vertical position marked on the package,
to avoid interruption of the mercury column.
After returning to the INM, at the end of
measurements, the thermometer was recalibrated
by the reference and pilot laboratory.

Tabelul 3 - Etaloanele folosite si principalele lor caracteristici
Table 3 - Measurement standards used and their main characteristics

Denumire etalon Tip/model Domeniu de masurare Certificatul de
Denomination of the Type / model si rezolutie etalonare
standard Measuring range and the Certificate of calibration
resolution
Termometru cu rezis- | Tinsley, serie (0...4420) °C,R0 =25 Q Certificatul etalonului
tentd din platind etalon | 231985 U=5 mK, k=2 national
Standard platinum CE 04.01-1600/2008
resistance thermometer National standard
certificate

CE 04.01-1600/2008

rezistente 1796 001 586

Automatic resistance

Punte automata de | ASL F300 Seria | Rt: (0...4000) Q;
Rt/Rs:0...3,9999999;

bridge Rs intern: 100 Q £ 50 ppm /luna | Comparison  with  the
Internal Rs: 100 Q + 50 ppm
Stability < 1 ppm / month

Comparare cu puntea
Guildline, componentd a
etalonului national

Guildline bridge, part of the
national standard

Tabelul 4 — Echipamentul utilizat si parametrii caracteristici
Table 4 - Equipment used and characteristic parameters

Temperature A94218, CE
calibration bath amestec de apa si alcool etilic /

04.01-755/2009,

mixture of water and ethyl alcohol

Denumire utilaj Tip/model/ substanta de lucru Domeniu de Uniformitate Stabilitate
Denomination Type / model / working substance temperatura °C °C
equipment Temperature range Uniformity Stability
°C °C
Baie termostatatd | Fluke Hart Scientific 7312, serie (-5..+110) °C +0,001 +0,001

Pentru efectuarea masurarilor, fiecare
laborator participant a utilizat metoda si
procedura practicate in mod curent atunci cand
etaloneaza termometre din sticld cu mercur. La
utilizare, termometrul a fost mentinut in pozitie
verticala. De asemenea, termometrul nu a fost
supus la socuri si vibratii.

Etalonarea s-a efectuat in bai termostate,
prin metoda compardrii directe sau indirecte. Ca
etaloane, au putut fi utilizate termometre cu
rezistentd din platind sau termometre digitale.
Conform certificatelor de etalonare, toate
etaloanele utilizate au fost trasabile la etaloanele
nationale ale Romaniei.

Masurdrile s-au efectuat la valori intregi ale
temperaturii din domeniul (0...50)° C. La fiecare
punct de temperaturd s-au efectuat minimum trei
serii de masurdri  diferite.  Rezultatele
masurdrilor, functia de modelare si bugetul

For the measurements, each participating
laboratory has used the method and the normal
procedure locally applied when calibrating
mercury in glass thermometers. In use, the
thermometer was kept in an upright position.
Also, the thermometer has not been subjected to
shock and vibration.

Calibration was performed in the thermostat
baths, by direct or indirect comparison method.
As standards, could be used platinum resistance
thermometers  or  digital  thermometers.
According to calibration certificates, all
standards used were traceable to national
standards of Romania.

Measurements were performed at the integer
values of the temperature in the range (0...50)°
C. At each temperature point were performed at
least three different series of measurements. The
results of measurements, modeling function and




incertitudinii de masurare asociate au fost
prezentate intr-un raport de etalonare, de catre
fiecare laborator participant.

Ghidul intercompardrii, instructiunile de
utilizare, de transport si de masurare au insotit
etalonul itinerant.

Corectiile determinate la INM 1n cursul
masurarilor initiale si finale, valorile medii ale
corectiilor, care reprezinta valorile de referinta
(VR) ale compararii precum si incertitudinile
standard extinse asociate valorilor de referinta
sunt prezentate in Tabelul 5.

Incertitudinea  standard ~ compusa  si
incertitudinea extinsd pentru un nivel de
incredere de 95 % s-au calculat conform SR
ENV 13005: 2003. Spre exemplificare, in
Tabelul 6 este prezentat bugetul incertitudinii de
masurare la temperatura de 0° C. Incertitudinea
extinsa a fost stabilita ca incertitudine standard a
masurarii multiplicatd cu factorul de extindere &,
= 1,96, care corespunde unui nivel de incredere
de 95%.

Mentionam cd bugetul incertitudinii de
masurare obtinut de LP pentru celelalte puncte
de temperatura este asemanator cu cel obtinut la
0° C.

uncertainty of measurement budget were
associated were presented in a calibration report
by each participating laboratory.

Intercomparison guide, instructions for use,
transport accompanied itinerary measurement
standard.

Corrections determined by INM during the
initial and final measurements, mean
corrections, which are the reference values (RV)
of the comparison, as well as standard expanded
uncertainties associated to the reference values
are presented in the Table 5.

Combined standard uncertainty and
expanded uncertainty for the confidence level of
95% was calculated according to SR ENV
13005: 2003. For example, in Table 6
uncertainty budget of measurement is presented
for a temperature of 0° C. The expanded
uncertainty was established as the standard
uncertainty of measurement multiplied by the
coverage factor k, = 1.96, which corresponds to
a confidence level of 95%.

We mentioned that the uncertainty of
measurement budget of the results obtained by
PL for the other points by temperature is similar
to that obtained for 0° C.

Tabelul 5 — Valorile de referinta ale compararii
Table 5 - Reference values of the comparison

tog / °C Corecti€inigiaia / °C Corecti€finaiz / °C Valoare medie / °C U/°C
Correctionsiz/ °C Correctiong,, / °C Mean value / °C
00,000 -0,001 -0,003 -0,002 0,013
10,000 -0,001 -0,003 -0,002 0,013
20,000 -0,004 -0,004 -0,004 0,013
30,000 -0,006 -0,006 -0,006 0,013
40,000 0,010 0,004 0,007 0,013
50,000 -0,009 -0,009 -0,009 0,013

4.3 Modelul matematic al masurarii

Corectia, C, care trebuie adaugata indicatiei
termometrului etalonat, poate fi exprimata ca:
C:Te—TV"‘ST]+6Tz+6T3+8T4+6T5+6T6+8T7+6T8

unde:

T, - temperatura cititd cu termometrul etalon
(de referinta);

T, - temperatura cititd cu termometrul de
etalonat;

0T, - corectia datorata interpoldrii la citirea
termometrului etalon;

0T, - corectia mentionatd in certificatul de
etalonare al termometrului de referinga;

0T; - corectia datd de driftul intre doua
etalondri succesive ale termometrului etalon;

0T, - corectia datoratd influentei conditiilor
ambientale asupra coloanei emergente;

4.3  Mathematical model of the
measurement

Correction, C, that must added to indication
of calibrated thermometer, may be expressed as:
C:Te—Tv+8T1+8T2+6T3+6T4+8T5+6T6+6T7+6T8

where:

Te — standard (reference) thermometer
indication;

Tv - thermometer under calibration
indication;

8T, — correction due to interpolation from
standard the thermometer reading;

0T, — correction mentioned in the calibration
certificate of the reference thermometer;

0T; — correction due to drift between two
successive calibrations of standard thermometer;

0T, - correction due to the influence of



0T - corectia datoratd instabilitatii baii de
comparare;

0Ts - corectia datorata neuniformitatii baii
de comparare;

O0T; - corectia datoratd schimbarii valorii
indicate la 0° C a termometrului de etalonat;

0Ts - corectia datoratd interpolarii la citirea
termometrului de etalonat.

Pentru calculul incertitudinii  asociate
abaterilor fata de valorile de referinta s-a folosit
functia de modelare:

AC= CLabi - CLR + 5Cstab

Incertitudinea standard compusa asociata
abaterii AC s-a calculat astfel:

ue (AC = [1( Cpyy) + u2(Crp) + ux(6Cy)]"

ambient conditions on emerging column;

0Ts — correction due to the bath instability
during comparison;

dT¢ — correction due to the bath instability
during comparison;

dT; — correction due to changes in the value
indicated at 0° C by the calibrated thermometer;

O0Tg — Correction due to interpolation by
calibrated the thermometer reading.

To calculate the uncertainty associated with
deviations against reference values using the
modelling function:

AC = CLabi - CLR + 8Cstab

Combined standard uncertainty associated to
deviation AC was calculated as follows:

Ue (AC = [ua( Crapi) + us(Crr) + u2(8Cy)]"*

Tabelul 6 - Bugetul incertitudinii de masurare la temperatura de 0 °C

Table 6 - Budget of measurement uncertainty for the temperature of 0 °C

Simbolul influentei Estimatia Incertitudinea standard Distributia de Coeficientul de| Contributia
marimii de intrare Estimation asociata, u; probabilitate sensibilitate, Cg| Contribution
Symbol of influence Standard associated Probability Sensitivity | u(y;)= Cs; '
of the input quantity uncertainty, u; distribution coefficient, Cg;
2 3 4 5 6 7
Tc (Tc)mcdiu = Normala 1
-0,0108 0,00090 Normal 0,00090
Tv (Tv)mediu = Normala -1
-0,01 0,00000 Normal 0,00000
oT, 0 0.00029 Dreptunghiulara 1 0,00003
Rectangular
8T 0 0,00075 Normala ! 0,00025
Normal
o0T; 0 0,001 44 Dreptunghiulara 1 0,001 44
Rectangular
ST, 0 0,002 9 Dreptunghiulara 1 0,002 9
Rectangular
STs 0 Dreptunghiulara 1
0,000 29 Rectangular 0,000 29
8T 0 Dreptunghiulara 1
0,000 29 Rectangular 0,000 29
8T, 0 0.001 44 Dreptunghiulara 1 0.001 44
Rectangular
0Ty 0 0,005 77 Dreptunghiulara 1 0,005 77
Rectangular
Corectia / -0,001
Correction
Incertitudinea standard compusa / Combined standard uncertainty 0,007
Incertitudinea extinsa / Expanded standard uncertainty 0,013




Incertitudinea extinsad (pentru k = 2) asociata
abaterilor AC:
U(AC) =2 u, (AC)

4.4 Calculul indicelui de valoare

Pentru o analizd cat mai obiectivd a
rezultatelor masurarilor, s-a determinat, pentru
fiecare laborator participant, indicele de valoare
Ei, exprimat prin relatia

E = xi _xref
" U(AC)

unde

X; — valoarea indicata de etalonul itinerant la
un punct de etalonare dat, obtinutd de
laboratorul ,,1”;

Xt — valoarea de referinta;

U(AC; ) — incertitudinea extinsa asociatad
abaterii ACi, incertitudine calculatd cu ajutorul
functiei de modelare.

Pentru valori ale indicelui de valoare
cuprinse 1n intervalul [-1, + 1], laboratorul i este
compatibil cu laboratorul de referinta si se
considerd cd este capabil sa efectueze masurari
in acest domeniu cu incertitudinea de masurare
declarata.

Indicii de valoare ai celor 13 locatii ale
laboratoarelor participante sunt prezentati in
Tabelul 7.

Diferentele dintre rezultatele obtinute de
laboratoarele participante si laboratorul pilot si
de referintd sunt reprezentate grafic in Figura 2,
pentru fiecare punct de etalonare. Liniile
verticale reprezintd incertitudinile extinse U
(pentru k = 2) asociate acestor diferente.

Expanded uncertainty (k = 2) associated to
deviations AC:
UAC) =2 u. (AC)

4.4 Index of value calculation

For an as objective as possible analysis of
the measurements’ results, the index of value
was determined for each participating
laboratory, index expressed by the equation

£ X; = X,
" U(AC)

where

x; — indication value of the itinerary standard
at a given point of calibration, obtained by
laboratory ,,i”’;

Xrer — reference value;

U(AC; ) — AC; expanded uncertainty
associated with deviation, uncertainty calculated
using the modelling function.

For values of the index of value in the
range [-1, + 1], laboratory i is compatible
with the reference laboratory and is considered
able to perform measurements in this
range with the declared uncertainty of
measurement.

The indices of value for the 13 locations
of participating laboratories are presented in
Table 7.

Differences between results obtained by
participating laboratories and the reference and
pilot laboratory are plotted in Figure 2, for each
calibration point. Vertical lines represent
expanded uncertainty U (k = 2) associated with
these differences.

Tabelul 7 - Indicii de valoare ai laboratoarelor participante
Table 7 - The Indices of value for participating laboratories

1o, [°C] Cod laborator participant / Indice de valoare
Participating laboratory code / index of value
2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14
0 -09(-03} 00]|-26| 10|-0,1]| 0,2|-1,7| 1,5(-0,5]-0,6-0,1]-0,8
10 -0,5(-04]00|-06|-1,1| 00]|-09|-0,6| - [-1,0] 0,2]-0,2| 1,4
20 -0,7|-0,7| 0,0 |-0,6|-1,0|-0,1|-0,6|-1,0| 1,5(-0,2| 0,21]-0,5]|-0,5
30 -,7(-03}-03|-1,0|-16|-0,1| 0,4|-1,3|-03(-03|-0,1]|-0,7]-1,5
40 0,101} 00]| 04{-18]-05]| 29|-0,6| 03|-0,6| 0,5]-0,2| 0,2
50 L5 06|-0,1| 0,6-03|-04| 69]-0,7| 24]|-03] 09| 00| 1,3




Fig. 2 — Abaterile valorilor laboratoarelor participante fatd de valorile de referinta. Liniile verticale
reprezintd incertitudinile extinse U (pentru k = 2) asociate acestor abateri.
Fig. 2 - Participating laboratories deviation values from the reference values. Vertical lines are expanded
uncertainty U (k = 2) associated with these deviations.
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4.5 Analiza rezultatelor

Analiza rezultatelor masurarilor si a
incertitudinilor asociate furnizate de
laboratoarele participante precum si a indicilor
de valoare rezultati au condus la o serie de
concluzii. Laboratoarele 3, 4, 7, 11, 12 si 13
satisfac criteriul de acceptare la toate punctele de
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4.5 Analysis of the results

Analysis of measurement results and
associated uncertainties provided by the
participating laboratories and the resulting value
of indices led to several conclusions.
Laboratories 3, 4, 7, 11, 12 and 13 meet the
acceptance criteria at all points of calibration.
This  highlights the rigor and accuracy




etalonare. Aceasta evidentiazd rigoarea si
corectitudinea cu care au fost efectuate
masurarile si au fost evaluate incertitudinile de
masurare in aceste laboratoare. Celelalte
laboratoare au avut indici de valoare mai mari
decat limitele admise (laboratorul 5 la 1 punct
de etalonare, laboratoarele 2, 8 si 9 la 2 puncte
de etalonare, laboratoarele 6, 10 si 14 la 3 puncte
de etalonare,). Pentru a elimina aceste deficiente
se impune reanalizarea metodologiei de evaluare
a incertitudinii de masurare precum §i 0 noua
caracterizare metrologica a etaloanelor si
echipamentelor folosite.

O posibila explicatie pentru obtinerea
acestor rezultate ar fi faptul ca, laboratoarele 2,
8, 11, 13 si 14 au utilizat pentru etalonarea
termometrului - etalon de transfer, cuptoare
portabile cu bloc metal (bai uscate), echipamente
neadecvate pentru etalonarea termometrelor din
sticla cu lichid. In cadrul cursurilor de instruire
pentru etalonarea termometrelor din sticla cu
lichid efectuate in 2008 si 2009 la INM, inaintea
dar si in timpul compararii, lectorii din cadrul
LP au precizat faptul cad termometrele din sticla
cu lichid trebuie sd fie etalonate numai in bai
termostatate cu lichid, utilizarea cuptoarelor
portabile in locul bailor uscate putind duce la
obtinerea de rezultate grosiere. Obtinerea unor
astfel de rezultate se datoreaza caracteristicilor
cuptoarelor portabile, care sunt neadecvate
pentru etalonarea termometrelor din sticla cu
lichid avand: uniformitate axiala si radiala,
adancime de imersie, influenta 1Incarcarii
blocului metal. Deasemenea, nu se recomanda
utilizarea acestor cuptoare cu bloc metal pentru
ca existd pericolul spargerii termometrelor din
sticld la contactul cu blocul metal.

Laboratoarelor care nu au obtinut rezultate
compatibile le-au fost solicitate de catre DA
actiuni corective. Principalele actiuni corective
propuse au fost urmatoarele:

- rectalonarea termometrelor etalon si/sau a
bailor termostatate utilizate (sau, eventual,
schimbarea locatiei unde va fi efectuata
etalonarea);

- dotarea laboratorului cu alt termometru
etalon gi/sau cu o alta baie termostatata in cazul
obtinerii unor valori prea mari pentru
uniformitatea si stabilitatea baii;

- Inlocuirea lichidului termometric utilizat
pentru baia termostatata;

- reevaluarea si modificarea dupa caz a
procedeului de etalonare pentru punctele de
etalonare pentru care a fost obtinutd
neconformitate;

- revizuirea procedurii de estimare a
incertitudinii §i instruirea personalului privind
estimarea incertitudinii  de masurare la

with which measurements were made and with
which  measurement  uncertainties  were
evaluated in  these  laboratories.  Other
laboratories have value indices higher than
admitted limits as following: laboratory 5 for
1 point calibration, laboratories 2, 8 and 9 for
two calibration points, laboratories 6, 10 and 14
for 3 calibration points. To eliminate these
shortcomings, a review of the methodology for
assessing the measurement uncertainty and
metrological characterization of a new standards
and equipment used, is required.

A possible explanation for  attaining
these results would be that laboratories with
codes 2, 8, 11, 13 and 14 used for the
calibration of the transfer standard thermometer,
portable metal block calibrators  (dry
wells), inadequate  equipment  for  the
calibration of liquid glass thermometer. In
training courses for calibration of liquid in glass
thermometer performed in 2008 and 2009 at
INM, prior to and during the comparison
period, the lecturers from the PL indicated
that liquid glass thermometers must be
calibrated only in liquid thermostatic baths,
and that use of portable dry calibrators
instead of baths can lead to coarse
results. Namely, achieving these results is
due to characteristics of portable calibrators,
which are unsuitable for the calibration
of liquid in glass thermometers: influences
of axial and radial uniformity, immersion
depth, the influence due to metal block loading
and others. Besides all these, the use of these
block calibrators is not recommended because
there is danger of breaking the glass of
thermometers when in contact with the metal
block.

As a  consequence, Authorisations
Department requested for corrective action from
those laboratories that have not obtained
consistent results. The main corrective actions
proposed were:

- standard thermometer recalibration and / or
thermostatic bath used by the laboratory (or
possibly changing the location where calibration
will be performed);

-purchasing another standard thermometer
and / or other temperature bath, in the case of
getting too high values for the uniformity and
stability of the the bath;

- replacement of the thermometric liquid
used for the thermostatic bath;

- reevaluation and / or change of the
calibration procedure for the calibration points
with non-conformity;

- review of procedures and training staff to
estimate the uncertainty on the estimation of
measurement uncertainty for the calibration of



etalonarea termometrelor.

Fiecare dintre actiunile corective propuse a
avut o datd limita de aplicare, implementarea
acestora fiind supravegheata de BRML-DA.

5. CONCLUZII

Analiza rezultatelor masurarilor si a
incertitudinilor asociate date de laboratoarele
participante precum si a indicilor de valoare
rezultati, duc la o serie de concluzii. Prin
urmare, laboratoarele 3, 4, 7, 11, 12 si 13
satisfac criteriul de acceptare la toate punctele de
etalonare. Aceasta evidentiaza rigoarea si
corectitudinea efectudrii masurdrilor si a
evaludrii incertitudinilor de masurare in aceste
laboratoare.

Celelalte laboratoare au avut indici de
valoare mai mari decat limitele admise
(laboratorul 5 la 1 punct de etalonare,
laboratoarele 2, 8 si 9 la 2 puncte de etalonare,
laboratoarele 6, 10 si 14 la 3 puncte de
etalonare). Pentru a elimina aceste deficiente se
impune o reanalizare a metodologiei de evaluare
a incertitudinii de masurare precum §i o noua
caracterizare metrologici a etaloanelor i
echipamentelor folosite.
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thermometers.

Each of the proposed corrective actions had
a time limit that was applied, their
implementation was supervised by BRML-DA.

5. CONCLUSIONS

Analysis of measurement results and
associated uncertainties provided by the
participating laboratories and the resulting
value indices lead to several conclusions.
Therefore, laboratories 3, 4, 7, 11, 12 and 13
meet the acceptance criteria at all points of
calibration. This highlights the rigor and
accuracy of performing measurements and
evaluation of measurement uncertainties in these
laboratories.

The other laboratories had indices of
value  higher than the admitted limits
(laboratory 5 for 1 point of calibration,
laboratories 2, 8 and 9 for 2 points of
calibration, laboratories 6, 10 and 14 for 3 points
of calibration). In order to eliminate these
deficiencies a review of the methodology of
measurement uncertainty evaluation and new
metrological characterization of standards and
equipment used should be done.
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