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REPERE ISTORICE ALE METROLOGIEI DIN ROMANIA

1864 - Este promulgata Legea pentru adoptarea
sistemului metric de masuri si greutati in
Romania, de catre domnitorul Alexandru loan
Cuza

1883 - Romania adera la Conventia Metrului
1889 - Se infiinteaza Serviciul Central de Masuri
si Greutati, primul organism national de
metrologie din Roméania

1951 - Se infiinteaza Institutul National de
Metrologie

1954 - Apare primul numar al revistei
Metrologie

1956 - Roménia devine membru fondator al
OIML

1961 - Romania adopta Sistemul International
de Unitati (SI)

1992 - Noua Lege a metrologiei

1992 - Se Iinfiinteaza Biroul Roméan de
Metrologie Legala ca organism national de
metrologie cu atributii in toate cele trei domenii
principale: metrologie legala, stiintifica si
aplicata

1996 - Romania, prin Biroul Roman de
Metrologie Legala, devine membru asociat al
WELMEC

1999 - Romaénia, prin Institutul National de
Metrologie, semneaza Aranjamentul CIPM -
MRA

2004 - Institutul National de Metrologie devine
membru EUROMET

2007 - Romania, prin Biroul Roman de
Metrologie Legala, devine membru
WELMEC

2007 - Institutul National de Metrologie devine
membru fondator EURAMET e.V.

SHORT CHRONOLOGY OF METROLOGY IN ROMANIA

1864 - The Law for the adopting of the metric
system of measures and weights is
promulgated by voivode Alexandru
loan Cuza

1883 - Romania signs the Metre Convention
1889 - The Central Service of Measures and
Weights is founded as the first national
metrology body in Romania

1951 - The National Institute of Metrology is
founded

1954 - The first issue of the review Metrologie is
published

1956 - Romania becomes a founding member of
OIML

1961- Romania adopts the International System
of Units (SI)

1992 - New Law of metrology

1992- The Romanian Bureau of Legal Metrology
is founded as a national metrology body with
competency in all the three main areas of
metrology: legal, scientific and applied
metrology

1996 - Romania, represented by the Romanian
Bureau of Legal Metrology, becomes an
associate member of WELMEC

1999 - The National Institute of Metrology signs
on behalf of Romania the Mutual Recognition
Arrangement (CIPM-MRA)

2004- The National Institute of Metrology
becomes a full member of EUROMET

2007- Romania, represented by the Romanian
Bureau of Legal Metrology, becomes a full
member of WELMEC

2007- The National Institute of Metrology
becomes a founding member of EURAMET e.V.
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SINTEZE

CONTRIBUTIA INSTITUTULUI NATIONAL DE METROLOGIE LA
DEZVOLTAREA SI RECUNOASTEREA ETALOANELOR NATIONALE ALE
ROMANIEI

CONTRIBUTION OF THE NATIONAL INSTITUTE OF METROLOGY TO
THE DEVELOPMENT AND MUTUAL RECOGNITION OF NATIONAL
MEASUREMENT STANDARDS OF ROMANIA

Mirella BUZOIANU

INSTITUTULUI NATIONAL DE METROLOGIE
NATIONAL INSTITUTE OF METROLOGY

Rezumat: Progresul societdtii moderne actuale nu mai poate fi conceput fard sprijinul pe care il oferd stiinta masurarii
si aplicatiile sale. O pozitie centrala in acest domeniu dg cunoastere revine etaloanelor de masurare ceea ce determind
si indeplinirea unor cerinte de uniformitate, exactitate si trasabilitate, recunoscute si aplicate la nivel mondial.
Indeplinirea acestor cerinte se bazeaza pe sistemul national de masurare dezvoltat in functie de stadiul economico-
social si care include mai multe arii de responsabilitate, inclusiv pentru mentinerea etaloanelor unitatilor de masura
si dezvoltarea continua a acestora. O componenta esentiala si indispensabila a sistemului national de masurare este
Institutul National de Metrologie, care mentine, utilizeaza si dezvolta etaloanele nationale ale Romaniei precum si
alte etaloane de masurare in acord cu nevoile de exactitate. In acest cadru, articolul prezinta aspecte ale dezvoltarii
actualului sistem de etaloane nationale. De asemenea, sunt evidentiate contributiile Institutului National de Metrologie
(INM) in atingerea stadiului actual de recunoastere internationala a acetor etaloane.

Cuvinte cheie: etalon, etalon national, trasabilitate

Abstract. The progress of present modern society can not be conceived any longer without the support provided by
the science of measurement and its applications. A core position in this field of knowledge is given to measurement
standards underpinning the dfulﬁllment of certain international recognized and applied requirements regarding
the uniformity, accuracy and traceability. Meeting these requirements relies on the national measurement system
developed in accordance with the economic and social level and including several areas o]/ responsibilities including
the maintaining the measurement standards of units as well as their continuous development. An essential and
indispensable component of the national measurement system is the National Institute of Metrology, institution that
maintains, uses and develops the national measurement standards and other measurement standards of Romania in

accordance with accuracy needs. In this frame, thje/paper presents aspects of the development of the system on national

measurement standards in force. Contributions o,

the National Institute of Metrology (INM) in achieving the present

stage of international recognition of these measurement standards are also emphases.

Key words: measurement standard, national measurement standard, traceability

1. INTRODUCERE

Locul si rolul masurarilor in societate devine tot
mai important si recunoscut de autoritati si de simplul
cetatean. Indiferent in ce scop se efectueaza, masurarile
trebuie sa fie din in ce mai exacte, comparabile si
racordate la un sistem agreat de referinte (etaloane)
reciproc recunoscut la mnivel local, regional sau
international. Un etalon este frecvent utilizat ca
referinta in obtinerea valorilor si a incertitudinilor de
masurare asociate pentru alte marimi de aceeasi natura,
stabilind astfel un lant de trasabilitate metrologica
prin etalonarea altor etaloane, mijloace de masurare
sau sisteme de masurare. Principalele consecinte ale
acestei situatii sunt nevoia continud de dezvoltare de
noi metode si etaloane din ce in ce mai performante,
recunoscute si adecvate scopului pentru care sunt
create si importanta provocare ce std in fata institutelor
si organizatiilor de metrologie.

Desi, tehnic vorbind, se indica adeseori ca etalon
un obiect, care poate fi un instrument / echipament
/ artefact / grup de astfel de obiecte, de multe ori
este vorba de instalatii unicat, cu un grad ridicat de
complexitate ce utilizeaza si de alte echipamente
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1. INTRODUCTION

The place and the role of measurements in society
becomes more and more important and recognized
by authorities and individuals. Despite the scope the
measurements are performed, they need to be more
and more exact, comparable and linked to an agreed
upon system of references (measurement standards)
mutual recognized at local, regional and international
level. A measurement standard is frequently used as
a reference in establishing measured quantity values
and associated measurement uncertainties for other
quantities of the same kind, thereby establishing a
metrological traceability chain through calibration
of other measurement standards, measuring
instruments, or measuring systems. Important
consequences of this fact are the continuous need to
develop new measurement methods and standards
better performing, recognized and fit for the purpose
and the main challenge facing metrology institutes
and organizations.

Although, technically speaking, it is often
indicated as a measurement standard an object, that
may be an instrument / equipment / artefact / group
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auxiliare, unele dezvoltate special pentru acest scop
si functionand in conditii si dupd reguli speciale si
foarte stricte. De asemenea, orice etalon poartd cu
sine informatiile privind metode validate de realizare
a unitatilor de masura S, de atribuire a valorilor i de
etalonare, precum si de calcul al incertitudinilor, care
permit diseminarea unittilor de masura la nivelurile
de exactitate si cu incertitudinile corespunzitoare
cerintelor din economie.

Este evident si faptul ca, in conditiile actualului
progres stiintific si tehnologic, etaloanele trebuie sa
se alinieze permanent la noile niveluri de exactitate
impuse si, corespunzator, sa se asigure si dezvolte
etaloane nationale recunoscute.

INM, integrat deplin in sistemul mondial
metrologic, a fost si este continuu implicat in
dezvoltarea unui sistem complex si complet de
referinte (etaloane) care sa rdspunda nevoilor curente
socio-economice. In acest context, vor fi abordate
cateva aspecte privind problematica etaloanelor
nationale si preocuparea INM pentru dezvoltarea
acestora de-a lungul timpului.

2. ROLULETALOANELOR iN SISTEMELE
NATIONALE DE MASURARE

Orice masurare presupune o descriere a marimii,
compatibila cu utilizarea prevazuta pentru un rezultat
al masurdrii, o procedurd de masurare §i un sistem
de masurare etalonat care functioneazd conform
procedurii de masurare specificatd, ce include
conditiile de masurare [1]. Mai departe, pentru ca
rezultatul masurarii obtinut la un moment dat intr-un
anumit loc sa fie comparabil cu un altul raportat pentru
aceeasi marime in alte conditii, este international
agreatd necesitatea respectdrii unor cerinte de
comparabilitate si trasabilitate. Pentru aceasta s-au
dezvoltat si consolidat diferite sisteme nationale de
masurare adaptate stadiului economic si social.

Un sistem national de masurare reprezintd [2]
infrastructura tehnica care face posibild obtinerea de
masurari exacte si de Incredere, adecvate scopului
in acea tara si acceptate international. Un sistem
acoperitor include mai multe arii de responsabilitate.
Intre acestea este inclusd si mentinerea etaloanelor
pentruunitati sidezvoltarea permanenta de noi etaloane
pentru a raspunde nevoilor ulterioare. De aceea, o
componenta esentiald si indispensabild a oricarui
sistem national de masurare este INM. Conform celor
mentionate 1n [2], institutul de metrologie national
trebuie sd raspunda pentru mentinerea si dezvoltarea
etaloanelor nationale, pentru furnizarea de trasabilitate
la SI, asigurarea adecvarii acestor etaloane la nevoile
nationale, etc.

O concluzie preliminarda ce se poate desprinde
pana acum se refera la rolul central pe care il are
si trebuie sd 1l joace etaloanele de masurare atat in
activitatile tehnice cat si in cele decizional strategice.

Un etalon este utilizat ca referinta si realizeaza
definitia unei unitati date, cu o valoare determinata
a marimii si o incertitudine de masurare asociata.
Realizarea (materializarea) definitiei poate fi
furnizata de un sistem de masurare, o masura
materializata sau un material de referinta. Termenul
»realizare”, utilizat in sensul cel mai general,
acopera trei proceduri [1]:

OF NATIONAL MEASUREMENT STANDARDS OF ROMANIA

of such objects, on many occasions it is an unique
measuring system having a high level of complexity
using several auxiliary equipments, some of them
being specially developed for this purpose and
working in certain conditions according to some
special rules, most of them very strict. Any standard
carries information regarding the validated methods
torealize the Sl units, to assign the values, to calibrate
and to estimate measurement uncertainty allowing
the dissemination of the units at the accuracy levels
and adequate uncertainty required by the economy.

It is also obvious that in the present scientific and
technologic progress, measurement standards need
to continuously align with the new accuracy levels
required and, consequently, recognized national
measurement standards need to be ensured and
developed.

INM, fully integrated in the international
metrology system, was and is continuously involved
in developing a complex and complete reference
system meeting the current social and economic
needs. In this frame will be approached at aspects
regardiil/% the national measurement standards 1ssue
and INM preoccupation for their development over
time.

2. ROLE OF MEASUREMENT STANDARDS
INTHE NATIONALMEASUREMENTSYSTEMS

Any measurement presupposes a description of
the quantity commensurate with the intended use of
a measurement result, a measurement procedure, and
a calibrated measuring system operating according
to the specified measurement procedure, including
the measurement conditions [1]. Further, for a
measurement result obtained at a certain moment in a
place to be comparable with another result of a quantity
of same kind reported in other environments, it was
internationally agreed the need for them to meet some
requirements for comparability and traceability. In
this respect, different national measurement systems
were developed and consolidated fit for economic and
social stage.

A national measurement system is [2] the technical
infrastructure which makes it possible to obtain
accurate and reliable measurements which are fit for
purpose in the country and are accepted worldwide.
A comprehensive national measurement system
includes several areas of responsibility. Among them,
maintaining measurement standards for units and

ermanent development of new standards to meet

ture needs are included. Therefore, an essential
and indispensable component of any national
measurement system is the INM. In accordance with
what is stated in [2], the national institute of metrology
is responsible for maintaining and developing national
measurement standards, providing the traceability to
the SI, ensuring the suita]l))ility of these measurement
standards for national needs, etc.

A preliminary conclusion than may be pointed
out so far refers to the central role the measurement
standards holds and must have both in technical
activities and in those strategic decision-making.

A measurement standard is used as a reference
and realizes the definition of a given unit with
stated quantity value and associated measurement
uncertainty. A “realization of the definition of a given
quantity” can be provided by a measuring system, a
material measure, or a reference material. The term
“realization” used in the most general meaning covers

METROLOGIE  2-3/2014
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- 0 prima procedurd consta in realizarea fizicd a
unitdtii de masura pornind de la definitia sa si este
realizarea 1n sensul strict;

- a doua procedura, denumitd ,,reproducere”
constd nu doar in realizarea unitatii de masurad
pornind de la definitia sa, ci si In construirea unui
etalon reproductibil, bazat pe un fenomen fizic, (de
ex.utilizarea laserilor stabilizati in frecventd pentru
a construi un etalon al metrului, utilizarea efectului
Josephson pentru volt sau a efectului Hall cuantic
pentru ohm);

- a treia procedura consta in adoptarea unei masuri
materializate ca etalon (de ex. etalonul prtototip de 1
kg).
Etaloanele de masurare se clasifica in functie de
mai multe criterii si sunt stabilite scheme de ierahizare
a acestora pentru diferitele unitati de masurd in
domenii de masurare [3].

O schema de trasabilitate generala care include
principalele tipuri de etaloane si autoritatile care le
mentin §i utilizeaza este prezentata in figura 1 [4].

three procedures [1]:

- a first one consists in the physical realization
of the measurement unit from its definition and is
realization sensu stricto;

- a second procedure, termed “reproduction”,
consists not only in realizing the measurement
unit from its definition, but in setting up a highly
reproducible measurement standar %ased on
a ghysical phenomenon (e.g. use of frequency-
stabilized lasers to establish a measurement standard
for the metre, of the Josephson effect for the volt or of
the quantum Hall effect for the ohm);

- the third procedure consists in adopting a
material measure as a measurement standard (e.g. the
measurement standard of 1 kg.

Measurement ~ standards are classified in
accordance with several criteria and there are
established hierarchy schemes for measurement
standards of units in different measurement fields [3].

A general traceability scheme including main
types of measurement standards and the authorities
maintaining and developing them is shown in figure
1 [4].

L
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often scoredted
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Fig.1 Lantul de trasabilitate cu ierarhia etaloanelor de masurare
Fig.1 Traceability chain including the hierarchy of measurement standards

O primd definitie adoptatd intr-un vocabular
international pentru termenul ,etalon national” se
regaseste n [5]. Astfel, un etalon national se definea
ca un etalon recunoscut printr-o decizie oficiala
pentru a servi ca baza intr-o tard pentru a fixa valorile
tuturor celorlalte etaloane ale marimii considerate cu
observatia cd, in general, Intr-o tard, etalonul national
reprezinta si etalonul primar.

In editia a doua a vocabularului international de
termeni generali si specifici in metrologie din 1993,
etalonul national (6.3) se definea asemanator - etalon
recunoscut printr-o decizie oficiald intr-o tara pentru a
servi ca baza pentru atribuirea valorilor altor etaloane
ale aceleiasi marimi.

In actuala editie a vocabularului [1] este inlocuita
recunoagstere prin decizia oficiala cu recunoasterea de
o autoritatea nationala si extinde aria de aplicare si la o
economie n sensul acceptat pentru statutul de membru
asociat al Conventiei Metrului [6].

Astfel, la pct 5.3 (6.3) [1] este definit un etalon
national ca fiind un etalon recunoscut de o autoritate
nationald pentru a servi, Intr-un stat sau intr-o economie,
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A first definition adopted in an international
vocabulary for the term ,national measurement
standard” can be found in [5]. Thus, a national standard
was defined as a standard recognized by an official
national decision as the basis for the fixing the value in
a country, of all other standards of the given quantity. As
noted in”the definition, in general, the national standard
in a country is also the primary standard.

In the second edition of the international vocabulary
of basic and general terms in metrology from 1993, a
national (measurement) standard (6.3) was defined
in a similar way — “standard recognized by a national
decision to serve, in a country, as the basis for assigning
values to other standards of the quantity concerned”.

In the present edition of the vocabulary [1] it is
replaced the recognition by an official document with
the recognition given by a national authority and also
expands the ap%hcatl_on area to economies in the meaning
given for membership to Metre Convention [6].

Thus, at 5.3 (6.3) [1] it is defined a national
measurement standard as”a “measurement standard
recognized by national authority to serve in a state or
economy as the basis for assighing quantity values to
other measurement standards for the kind of quantity
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ca bazd pentru atribuirea de valori altor etaloane ale
marimilor de aceeasi natura.

3. REPERE iN DEZVOLTAREA
ETALOANELORNATIONALEALE ROMANIEI

Dezvoltarea de etaloane de masurare in acord cu
nevoile economice a reprezentat o preocupare centralad
a serviciilor sau directiilor cu responsabilitati in
domeniul masurarilor create in Roménia dupa aplicarea
legii promulgata in 1864. Trebuie remarcat chiar ca in
ecllplicarea legii pentru introducerea sistemului metric

e masuri 1 greutdti in Romania, in anul 1865 a fost
procurat din Franta etalonul de lungime care materializa
definitia unitatii de lungime din acea perioada. De
asemenea, in 1891, Romaniei i s-a atribuit prototipul
nr.2 de masa din primele 40 fabricate pentru Biroul
Ilrslgt%nagional de Masuri si Greutati (BIPM) infiintat in

In conditiile dificile care au urmat adoptarii
obligativitatii utilizarii sistemului metric in Principatele
Unite, dezvoltarea de etaloane [7] a fost un proces lent
cauzat in special de insuficienta finantarii. Abia in anul
1951, prin infiintarea Institutului de Metrologie s-au
asigurat premisele si cadrul institutional dezvoltarii
coerente a unui sistem de etaloane nationale ale
unitatilor de masura cu orientare preponderenta
spre acele domenii de masurare in care se impunea
solutionarea imediatd a unor probleme complexe de
metrologie si tehnicd a masurarii [8].

Pentru o tara de dimensiunile Romaniei a fost
important ca ]laroblema etaloanelor nationale sa fie
rezolvata cumultd obiectivitate pentrua asigura echilibrul
dintre performanta obtenabila si costurile implicate. Ca
urmare, s-au dezvoltat cu prioritate etaloane nationale
de conservare care si poata fi comparate cu etaloanele
detinute de BIPM sau de alte institute nationale de
metrologie si mai putin cele de definitie.

In incercarea de a sublinia repere ale dezvoltarii
etaloanelor nationale in Roménia ar fi util sd fie
}tgrezentate separat eforturile tehnice de cele legate de

ormularea unei legislatii cat mai coerente.

3.1 Dezvoltarea legislatiei privind etaloanele
nationale

Se regasesc putine informatii privind primele acte
legislative referitoare la atestarea etaloanelor nationale
conform definitiei din [5]. Prima lege a metrologiei
adoptata n anul 1978 [9] preciza in art. 13-15 rolul
si locul etaloanelor nationale precum si detinatorul si
modalitatea in care acestea se mentin si perfectioneaza.
Astfel, in aceasta lege se preciza:

,»,Etaloanele de cea mai inaltd precizie, folosite ca
baza unica legald pentru transmiterea unitatilor de
masura celorlalte etaloane din Republica Socialista
Romaénia, sunt etaloane nationale.

Etaloanele nationale, impreuna cu celelalte etaloane
din economie, formeaza - prin unicitate si structurd
unitard pe trepte de precizie - sistemul national de
etaloane si constituie baza stiintifica, tehnica si legala,
de referintd, a tuturor masurarilor efectuate pe intreg
teritoriul tarii, precum si in relatiile de cooperare
economica si tehnico-stiintifica cu alte tari”.

In acord cu legislatia dezvoltata dupa 1992 [10],
etaloanele nationale, recunoscute prin Hotardre a
Guvernului, sunt bunuri proprietate publica a statului,
detinute, perfectionate, conservate si utilizate de
organizatii nominalizate tot prin Hotarare a Guvernului
si care satisfac cerinte stabilite.

Pentru aplicarea OG 20 au fost elaborate 2 seturi
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concerned”.

3. MILESTONES IN DEVELOPING
NATIONAL MEASUREMENT STANDARDS OF
ROMANIA

Development of measurement standards in
accordance with the economy needs represented a
central preoccupation of the services and directions
having responsibilities for measurements and established
in Romania after the application of the law adopted in
1864. It would be useful to notice that in e}pplication of
the law for introducing the metric system of weights and
measures, in 1865 was procured from France the len%h
standard realizing the definition of metre adopted by
that time. Also, in 1891, Romania was given the mass
}fgrototype no.2 selected from the 40 pieces produced
or the International Bureau of Weights and Measures
(BIPI\/12l established in 1875.

In the hostile environment following the adoption of
legal obligation to use the metric system, in the Unified
Kingdoms, developing measurement standards [7] was
a very lent process, especially caused by the insufficient
funding. Only in 1951, when the Metrology Institute was
established, circumstances and institutional frame have
been ensured for coherent development of a system for
national measurement standards of main measurement
units, basically oriented towards those measurement
fields requiring immediate solving of some complex
issues of metro o%y and measurement technique [8].

For a coun‘uiy ke Romania it was important that the
issue of national measurement standards to be solved in a
most objective way in order to ensure the perfect balance
between the obtainable performance and the costs
involved. Consequently, mainly conservative standards
have been developed, allowing their comparison with
the international measurement standards owned by the
BIPM or other national metrology institutes and less the
primary standards.

Attempting to underline milestones in developing
national measurement standards it would be useful to
separate the technical efforts from the ones related to
formulate a coherent legislation.

3.1 Legislative developments related to national
measurement standards

Little information can be found on the first legislative
issues regarding the attestation of national measurement
standards in accordance with the definition given in [5].
First law of metrology adopted in 1978 [9] stated at
art. 13-15 the role and place of national measurement
standards as well as the owner and the way they need to
be maintained and developed. Thus, in this law it was
mentioned that:

“The measurement standards having the highest
accuracy, used as the unique and legal basis for
dissemination of units to other standards of Socialist
Republic of Romania, are the national measurement
standards. National standards together with the other
measurement standards forms — by singularity and
unique structure on accuracy levels — the national system
of standards and they represents the scientific, technical
and legal base, the reference for all measurements
performed all over the country as well as in the economic
and technical cooperation with other countries”.

In accordance with the legislation developed
after 1992 [10], the national measurement standards,
recognized by Government Decision are public goods
of the state, hold, developed, preserved and used by
nominated organization also by Government Decision
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de instructiuni de metrologie legale [11, 12] care
documenteaza aspecte practice privind procesul si
cerintele de atestate ale etaloanelor nationale.

3.2 Baza tehnica de etaloane nationale

Activitatea INM privind etaloanele nationale a
urmarit cu precadere:

- dezvoltarea unor etaloane nationale compatibile
cu etaloanele nationale ale tarilor din Europa;

- asigurarea trasabilitdtii etaloanelor nationale la
unitatile Sistemul International de unitati (SI);

- participarea la comparatii internationale: cheie,
cheie suplimentare organizate in cadrul BIPM,
Comitetele Consultative ale CIPM si Organizatiile
Regionale de Metrolo%ie (EUROMET/ EURAMET,
SIM, COOMET, APMP);

- diseminarea unitatii conform schemelor nationale
de transmitere a unitatilor.

In arhivele INM se regisesc documente care
confirma existenta unor etaloane nationale in perioada
1937-1970 asa cum este sintetizat 1n tabelul 1.

In anul 1985 baza de etaloane nationale ale Romaniei
cuprinde un numdr de 28 etaloane atestate de Inspectia
Metrologiei de Stat din cadrul IGSCCP pentru unitatile

and fulfilling established requirements.

To apply OG 20, 2 sets of legal metrology
instructions were elaborated [11, 12] documenting
practical aspects regarding the attestation process and
requirements.

3.2 Technical btflelvN?f national standards )

Activity of the “with respect with the national
measurement standards included: ) )

- development of national standards compatible with
the national standards existing in the European countries;

- ensuring the traceability of the values of the
measurement_standards to units of the International
System of Units (SI); ) )

- participation in_international comparisons: kle\:X,
supplementaré organized in the frame of the BIP
Consultative Committees of the CIPM and the Regional
Metrolo Orgamsatlons (EUROMET / EU ET,
SIM, COOMET, APMP); .

- dissemination of the units in accordance with the
national dissemination schemes of the units. )

In the INM’s archive there are documents confirmin
the existence of some national measurement standards
during 1937-1970 as synthesized in table 1.

- In"1985, a number of 28 national standards were
included in the system of the national measurement

Tabelul 1 Etaloane nationale atestate in perioada 1937-1970
Table 1 National standards attested during 1937-1970

Unitatea de misurd Componenta principald a etalonului national Anul primei atestiri

Unit Main component of the national standard Year of first atestation

Metrw/metre Rigld din platind iridiatd/Pi/Ir Line 1965

secundi si frecventd Etalon de timp si frecventi cu cuat 1967

seconddfrequency Quarz time standard

voltin c.c./volt ind.c Elemente Weston/Weston Elements 1967

voltin c.a. Convertoare termoelectrice si instalatie comparator 1967

volt in a.c Convertors thermoelectric and comparator

ohm Rezistente etalon (1 €2 - 1937; 100 M€ - 1970) 1937-1962
Standard resistences

grad Celsius Celule pentru reproducerea punctelor fixe 1957-1970
Cells to reproduce fixed points

Newton Masini de fortd/Force mashines 1958 - 1963

lumen Set de lampi/Set of lamps 1963

farad Grup condensatoare/Group of condensators 1963

metru (2), grad sexagesimal (1), kilogram (1), pascal
(1), newton (8), volt 1n c.c.(1), ohm (1), farad (1), unu
pentru raport de tensiuni electrice in c.c (1), tensiune la
frecvente nalte (1), watt (1), secunda si frecventa (?,
unu pentru raport de tensiune (1) si pentru raport de
curenti (1), milihenry (1), tesla (1), grad Celsius (2) si,
respectiv, activitate (1).

In anul 1993 un numar de 19 etaloane erau
reconfirmate prin Ordine de atestare emise de directorul
BRML pe baza concluziilor formulate de Comisia de
confirmare a etaloanelor nationale din cadrul BRML.

In data de 14 iulie 1998 este adoptatd Hotararea 384 a
Guvernului Romaniei privind recunoasterea unui numar
de 14 etaloane nationale detinute de INM. Avéand in
vedere lucrarile ulterioare de dezvoltare si completare a
etaloanelor nationale, prin Ordinul 276/15.12.1999 emis
de BRML se aproba si publica lista celor 23 de etaloane
nationale ale Romaniei. Ulterior, aceastd listd a fost
completatd in 2004 cu incd un etalon national.

Aceasta situaie a fost mentinuta pana in 2013, cand
s-a re-analizat situatia etaloanelor nationale existente
concluzionandu-se atestarea de 4 noi etaloane nationale,
mentinerea atestarii pentru 17 etaloane nationale asa
cum este prezentat in tabelul 3. Tot atunci s-a retras
atestarea pentru alte etaloane nationale care nu au
indeplit criteriile.
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standards of Romania, all of them attested by the State
Inslt)rectlon of Metrolo%y with the IGSCCP, for the units:
metre (2), sexagesimal degree (1?1,1‘1;110 am (1), pascal
1), newton $8), volt in d.c.(1), o (Il%,T farad (1), one
ot ratio of electrical voltages m d.c. ( 3, voltage at high
frequencies (1), watt (1), second and frequenc
one_for voltage ratio (1) and for ratio of currents (1),
milihenry (1), tesla (1), degree Celsius (2) and activity
(), resi)ectlvely.

In 1993 a number of 19 measurement standards
were reconfirmed by Attestation Orders issued by the
director of BRML as proposed by the Commission for
Confirming National Measurement Standards within
the BRML. _ .

On 14™ of July 1998 it was adopted the Decision 384
of the Romanian Government regarding the recognition
of 14 national measurement standards hold by INM.
TaklnF into account further work for development and
completion of the national measurement standards, by
Order 276/15.12.1999 (BRML) a list of 23 national
measurement standards was e(lfproved and_published.
Later, this list was completed in 2004 with another
national standard. o )

This situation was maintained till 2013, when
the status of the national measurement standards was
reviewed. Accordingly, 4 new national measurement
standards were attested and other 17 maintained their
status, as shown in table 3. Also, the attestation was
withdrawn for standards not meeting criteria.

b
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Tabelul 2 Etaloanele nationale ale Romaniei
Table 2 National measurement standards of Romania

Nr. Denumire etalon Valoare realizata/ Incertitudinea extinsa de
ert. Interval realizat realizare a unitatii/
Wo. Name of the measurement standard Value/Range Expanded uncertainty
1. |Etalonul National al unitafii de misurd metru pentru marimea fizica A=633 nm 25X10M" m
lungime
National ement standard of the unit metre for the quantity length
2. |Etalonul National al uniti{ii de misuri grad sexagesimal pentru mirimea  [0e ...360¢ pentru poligoane optice| 0,257 pentru poligoane optice/
fizicd unghi plan cu pas de min. 10e / for optical Jor optical poligons
National ement standard of the unit sexagesimal degree for the poligons with min 10°step, 0,04 pentru unghiuri mici/
quantity angle +4” pentru unghiurt miey/ Sfor small angles
Jor small angles
3. |Etalonul National al unitatii de misurd kilogram pentru mérimea fizica 1kg 40 pg
masi
National ement standard of the unit kilogram for the quantity mass
4. |Etalonul National al unitafilor de masuri secunda pentru marimea fizica ls 50 ns
timp si hertz pentru mirimea fizica frecventa 1 Hz 2% 10° Hz/Hz
National measurement standard of the unit second for the quantity time and
for the unit hertz for the quantity frequency
5. |Etalonul National al uniti{ii de misurd newton pentru mérimea fizicd for{a (0.5 ...100) kN 0,005 %
National measurement standard of the unit newton for the quantity force (exprimati ca valoare relativa /
expressed as relative value)
6. |Etalonul National al uniti{ii de mésurd volt pentru mirimea fizica tensiune 1V,2V
electricd in curent alternativ f=(20...100) kHz 10 pV/iv
National measurement standard of the unit volt for the quantity voltage in (exprimati ca valoare relativa /
alternative current expressed as relative value)
7. |Etalonul National al unita{ii de misurd ohm pentru marimea fizica 10,10kQ 0,04 nQ/Q
rezistentd electricd in curent continuu (exprimati ca valoare relativi /
National measurement standard of the unit metre for the quantity length expressed as relative value)
8. |Etalonul National al unitatii de masuri farad pentru marimea fizica C=10pF 1,38 107 pF
capacitate electricd
National measurement standard of the unit farad for the quantity electrical
capacity
9. |Etalonul National al unitafii de masura henry pentru manimea fizica 10 mH 6107 mH
inductanti
National measurement standard of the unit henry for the quantity
inductance
10. [Etalonul National al umtifii de masurid kelvin pentru minmea fizica (83,806...1357,77) K (0,15...6) mK pentru domeniul/
temperaturi termodinamici Sfor the range of:
National measurement standard of the unit kelvin for the quantity (83,806..933,473) K
thermodinamic temperature 0.4 K pentru domeniul/
Jor the range of:
(933,473...1357,77) K
11. |Etalonul National al unititin de misura bel pentru minmea fizici nivel de 26 dB pentru microfoane/ (0,04...0,08) dB pentru
presiune acustici Jfor microphones microfoane / for microphone
National measurement standard of the unit bel for the quantity acustic 94 dB pentru calibrator/ 0,2 dB pentru calibrator/
pressure level Jor calibrator Sor calibrator
124 dB pentru pistonfon/ 0,07 dB pentru pistonfon/
for pistophone for pistophone
12. |Etalonul National al unité{ii de masurd unu pentru marimea fizic raport de (Ix107" .. 1) VIV 90X 107 VIV
tensiuni mici in curent alterativ de audiofrecventa f=(50...1600) Hz 0,09 pV/iv
National measurement standard of the unit one for the quantity ratio of Upax = (7 ... 30} V (exprimati ca valoare relativi/
small voltages in alternative current of audiofrequency expressed as relative value) |
13. |Etalonul National al unitifii de misurd watt pentru mirimea fizici putere 10nW...1,0 mW 0,1 %
radiantd A =(380...900) nm (exprimatii ca valoare relativi/
National measurement standard of the unit watt for the quantity radiant expressed as relative value)
Wer
14. |Etalonul National al unitifii de misurd unu pentru miarimea fizici factor = 0,001...1,000 0,0001...0,0030
spectral de transmisie A =(380...900) nm
National measurement standard of the unit one for the quantity spectral
ir itance
15. |Etalonul National al uniti{ii de misurd unu pentru mirimea fizica factor p = 0,800...1,000 0,003
spectral de reflexie A= (380...850) nm
National measurement standard of the unit one for the quantity spectral
reflectance
16. |Etalonul National al unitifii de misurd candela pentru mirimea fizica (10...1000) ed 1,3%
intensitate luminoasi (exprimati ca valoare relativa /
National measurement standard of the unit candela for the quantity expressed as relative value)
luminous i i
17. |Etalonul National al unitifii de misurd lumen pentru mirimea fizica flux @, = (400...1200) Im 1,2%
Tuminos (exprimati ca valoare relativa /
National measurement standard of the unit lumen for the quantity luminous expressed as relative value)
iy
18. |Etalonul National al unitifii de masurd m’/s pentru mirimea fizici (0,5...100 000) mm*/s (0,2...0,5) %
viscozitate cinematici
National measurement standard of the unit m’/s for the quantity cinematic
viscosity
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19. |Etalonul National al unitifii de misurd mg/g pentru mirimea fizica fractie (0,5...1) mg/g 2%
masicd
National measurement standard of the unit mg/g for the quantity mass
raction

20. |Etalonul National al unititii de masura pascal pentru marimea fizica (0,5 ..100) MPa 30x10°
presiune
National measurement standard of the unit pascal for the quantity pressure

21. |Etalonul National al unititii de masurd volt pentru mirimea fizicd tensiune (Y 0,04 pV/V
clectricd in curent continuu 10V
National measurement standard of the unit volt for the quantity voltage in
direct current

22. |Etalonul National al unititii de masurd becquerel pentru mérimea fizica 10 Bq...20 kBq 2..H)%
activitatea (a unui radionuchd) — IFIN HH 64 radionuclizi in functie de radionuchd /
National measurement standard of the unit becquerel for the quantity depending on the radionuclid
activity (of a radionuclid) — hold by IFIN HH

4. RECUNOASTEREA ETALOANELOR
NATIONALE

Prin conventie, misiunea de bazd a unui institut
national de metrologie o constituie mentinerea,
conservarea si dezvoltarea etaloanelor nationale. O
datd cu diversificarea tipurilor de etaloane nationale
necesare societdtii o parte din aceastd sarcind a fost
preluatd de institute desemnate astfel incat, in prezent,
exista o infrastructurd extrem de dezvoltata de
institute nationale de metrologie si institute desemnate
concentrate pe dezvoltarea de etaloane nationale si
confirmarea acestora. De exemplu, in cele 36 state
membre ale EURAMET, peste 100 de institute au
declarat mentinerea de etaloane ngtionale. Aceasta
situatie este reflectati in tabelul 3 [ 13]. In tabel institutele
desemnate au fost marcate cu caractere aplecate.

Istoric, echivalenta reciprocad a fost determinata

rin participarea unui institut de metrologie national
in acorduri bilaterale sau in acorduri sau organizatii
multilaterale regionale. Prima organizatie regionala
de metrologie vest europeana (EUROMET) a
inifiat un numar semnificativ de comparari pentru
confirmarea performantelor etaloanelor nationale
detinute de institutele participante 1n aceasta
cooperare tehnica.

In luna octombrie a anului 1999, importanta
echivalentei metrologice a fost extinsa pe plan mondial
prin semnarea unui acord pentru Recunoasterea
reciproca a etaloanelor nationale si a capabilitatilor
de etalonare si de masurare (CMC) emise de institutele
nationale de metrologie, dezvoltat sub auspiciile
Comitetului International pentru Masuri si Greutati
(CIPM) si coordonat de BIPM.

Aranjamentul CIPM MRA [6] a fost initiat prin
Rezolutia a 2-a a celei de a 20-a Conferinte Generale
pentru Masuri si Greutdti (CGPM) desfasurata in 1995,
prin care se solicita 0 cooperare sporita intre institutele
nationale de metrologie, organizatiile regionale de
metrologie si BIPM pentru a imbunatati trasabilitatea
mondiala a etaloanelor de masurare.

Obiectivele CIPM MRA sunt:

* sa stabileasca gradul de echivalenta a etaloanelor
nationale mentinute de INM-uri;

« sa furnizeze recunoasterea reciproca a certificatelor
de etalonare si de masurare emise de INM-uri;

* sa asigure, prin aceasta, guvernelor si altor parti
interesate, baza tehnica si%uré pentru alte acorduri mai
largi legate de schimburile comerciale internationale,
comert si reglementari.

Atingerea acestor obiective implica un proces care
include:

* compardri internationale a masurdrilor, cunoscute
drept comparari cheie;

* compardri internationale suplimentare a
masurarilor;
METROLOGIE 2-3/2014

4. RECOGNITION OF
MEASUREMENT STANDARDS

NATIONAL

The main mission of a national metrology institute
is, in fact, maintaining, preserving and developing
national measurement standards. In line with the
diversification of the types of national standards
needed by the society, a part of this mission was given
to some designated 1nstitutes; thus at present there is
an extended metrological infrastructure with national
metrology institutes and designated institutes focused
on development of national measurement standards
and their confirmation. For instance, in the 36 members
of EURAMET, more then 100 institutes declared the
maintaining of national measurement standards. This
situation is reflected in table 3 [13]. In this table the
designated institutes were market in italic font.

Historically, mutual equivalence has been
determined through national metrology institute
participation in bilateral agreements, or in regional
multilateral agreements and organizations. The first
west European metrology organization (EUROMET)
initiated a significant number of comparisons to
confirm the performance of the national measurement
standards owned by the participating institutes in this
technical cooperation.

In October 1999, the importance of metrological
equivalence was extended to a fully international
spectrum with the signing of an arrangement for the
Mutual recognition oﬁ;ational measurement standards
and of calibration and measurement capability (CMCs)
issued by national metrology institutes, developed
under the auspices of the Comité International des
g?i)c}\s/l et Mesures (CIPM), and coordinated by the

The CIPM MRA was initiated [6] by Resolution
2 of the 20" General Conference of Weights and
Measures (CGPM) held in 1995, which called for
increased cooperation between the national institutes
of metrology, the regional metrology organizations
and the BIPM to improve worldwide traceability of
measurement standards.

The objectives of the CIPM MRA are:

* to establish the degree of equivalence of national
measurement standards maintained by NMls;

* to provide for the mutual recognition of calibration
and measurement certificates issued by NMlIs;

* thereby to provide governments and other parties
with a secure technical foundation for wider agreements
r%a‘ged to international trade, commerce and regulatory
affairs.

To achieve these objectives a process is involved,
including:

e international comparisons of measurements,
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* sisteme de calitate si demonstrarea competentei
de ¢atre INM-uri.

In istoria metrologiei romanesti, in anul 1966 erau
raportate 7 comparari internationale ale etaloanelor
nationale.

In anul 2014, 48 de comparari cu participarea
INM erau finalizate si Ragoarte e finale erau aprobate
pentru echivalenta sau publicate, dupa caz. Alte 21 de
comparari se afld in faze diferite de finalizare.

5. CONCLUZII

Lucrarea a sintetizat aspecte ale dezvoltarii
sistemului de etaloane nationale. Cateva constante
pot fi evidentiate in ceea ce priveste:

- statutul de bun public dat in administrare
pentru mentinere, utilizare si dezvoltare;

- caracterul de unicitate;

- rolul de baza stiintificd pentru masurarile
efectuate in Romania;

- confirmarea nivelului de exactitate prin
compardri periodice cu etaloane internationale;

- activitatea stiintificdi ca principal mijloc
pentru dezvoltarea etaloanelor nationale.
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known as key comparisons;

* supplementary international comparisons of
measurements;

* quality systems and demonstrations of competence
by NMls.

In Romanian metrology history, in 1966 were
reported 7 international comparisons of the national
measurement standards.

In2014, 48 comparisons with the INM as participant
were finalized and final Reports were approved for
equivalence or published. Otﬁer 21 comparisons are in
progress.

5. CONCLUSIONS

Aspects in the development of the system of
national measurement standards were presented.
Several constants were pointed out regarding:

- status of public good given in administration for
maintaining, use and development;

- feature of singularity;

- role of scientific base for the measurements
performed in Romania;

- confirmation of the level of accuracy by periodic
comparisons with international standards;

- scientific activity as the main tool to develop
national measurement standards.
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