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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

METROLOGIA MARIMILOR ACUSTICE SI CINEMATICE LA
INSTITUTUL NATIONAL DE METROLOGIE

METROLOGY OF ACOUSTICS AND KINEMATICS
FROM THE NATIONAL INSTITUTE OF METROLOGY

Carmen Laura TUGULAN, Florentina DINCA

INSTITUTUL NATIONAL DE METROLOGIE
NATIONAL INSTITUTE OF METROLOGY

Rezumat: Cererile cele mai frecvente de servicii in aceste domenii sunt pentru etalonari de microfoane, sonometre,
audiometre, calibratoare acustice §i accelerometre utilizate in domenii de interes public (transporturi navale,
rutiere, aeriene, protectia muncii, protectia mediului, sandtate, industria energetica nucleard, monitorizare zgomot
si vibratii in mediu industrial, constructia de automobile, etc).

In prezent, colectivul Acustica-Cinematice detine §i utilizeaza etalonul national al unitatii de nivel de presiune
acustica si etalonul de referinta pentru sensibilitatea in sarcind a traductoarelor piezoelectrice de acceleratie.

Cuvinte cheie: Acustica, marimi cinematice, etaloane

Abstract: The most common applications for services in these fields are for calibration of microphones, sound level
meters, audiometers, acoustic calibrators and accelerometers used in public areas (marine transport, road transport,
air transport, safety, environmental protection, health, nuclear power industry, noise and vibration monitoring in the
industrial environment, the construction of automobiles, etc.).

Currently, the Acoustics — Kinematics Group holds and uses the national measurement standard of unit of sound
pressure level, and the reference measurement standard of charge sensitivity of piezoelectric acceleration transducers.

Key words: Acoustics, kinematics, measurement standards

1 INTRODUCERE

Colectivul Acusticd - Cinematice din cadrul
Institutului National de Metrologie are ca misiune
principala asigurarea uniformitatii unitatilor de
masurd §i exactitdtii masurdrilor din domeniul
marimilor acustice, vibratiilor §$i marimilor
cinematice in Romania prin:

- mentinerea, dezvoltarea si utilizarea referintelor
nationale - etaloane nationale si de referinta
ale Romaniei - pentru marimile fizice: nivel de
presiune acusticd, nivel de sensibilitate in presiune,
acceleratia vibratiei mecanice, sensibilitatea 1n
sarcind a accelerometrelor, turatie si viteza liniara;

- asigurarea trasabilitatii valorilor referintelor
nationale la SI;

- diseminarea unitatilor de masura prin verificari
metrologice, etalonari, incercari [1].

2. SCURT ISTORIC AL DOMENIILOR
ACUSTICA SI CINEMATICA

Desi este o disciplind veche, dezvoltarea
spectaculoasd a acusticii este datoratd electronicii,
care a facut posibila transformarea sa dintr-o stiinta
clasica intr-una modernd, in permanentd dinamica,
o stiintd cu aplicatii tehnico-economice si sociale,
devenind in prezent o componentd de o mare
importanta in studiul mediului Inconjurator.

Pe masura dezvoltarii aplicatiilor practice ale
acusticii si vibratiilor s-au dezvoltat atit aparatura,

METROLOGIE 2-3/2014

1 INTRODUCTION

Acoustics — Kinematics Group from the National
Institute of Metrology has as its primary mission to
ensure consistency and accuracy of measurements
of units of measurement in the field of acoustical
quantties, vibration and kinematic quantities in
Romania by:

- maintanence, development and operation
of national references — national and reference
standards of Romania — for units of measurement
for sound pressure level, pressure sensitivity level,
mechanical vibration acceleration, charge sensitivity
for accelerometers, rotations and linear speed;

- ensuring the traceability of national reference
values to the SI;

- dissemination of measurement units by
metrological verifications, calibration services, tests

[1].

2 BRIEF HISTORY OF ACOUSTICS
AND KINEMATICS

Although it is an old science, the spectacular
development of acoustics is due to electronics,
which made possible the transformation from a
classic science into a modern one, in continuous
dynamic, a science with technical, economic and
social applications, now becoming a very important
component in the study of the environment.

As the development of practical applications

29
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cat si metodele de masurare din aceste domenii, si
respectiv metrologia marimilor specifice. Activitatea
pe plan international Tn domeniul reglementarii
constructiei de aparaturd specifica acestor domenii
a condus la elaborarea reglementarilor si in ceea
ce priveste masurarea §i caracterizarea acestora,
ajungandu-se la infiintarea in cadrul Comitetului
International de Masuri si Greutati (CIPM - Comité
International de Poids et Mesures) a Comitetului
Consultativ Acustica Ultrasunete Vibratii (CCAUV)
in anul 1998 si a Comitetului Tehnic Acustica
Ultrasunete Vibratiit EURAMET (TC AUV) [2, 3].

In cadrul Institutului National de Metrologie,
domeniile acustica, vibratii si cinematice au inceput
sa se dezvolte la inceputul anilor, 80 cand a fost pus
in functiune laboratorul de acustica [4].

In anul 1999, a fost atestat etalonul national al
unitatii de masura bel [B] a nivelului de presiune
acusticd, constituit dintr-un grup de 3 microfoane
etalon de tip condensator 4144 si doua surse etalon
de semnal acustic (un pistonfon si un calibrator
acustic).

Pentru acceptarea participarii  Romaniei la
comparatiile internationale, in anul 2003 s-a
achizitionat o instalatie primara pentru etalonarea prin
metoda reciprocitatii a microfoanelor condensator
de 1 inch si %4 inch, impreund cu un grup de sase
microfoane condensator (trei de tip 4160 si trei de
tip 4180 — singurele tipuri de microfoane cu care se
poate participa la comparatiile internationale).

Progresele din ultimii ani, efectuate in studiul
structurilor de rezistenta si al masinilor de diverse
tipuri, au pus in evidentd multe probleme legate
de vibratiile mecanice, devenind foarte importanta
necesitatea de a efectua masurari de vibratii cu
0 exactitate mai mare. Concomitent s-au depus
eforturi pentru optimizarea studiului traductoarelor
de vibratii §i pentru Tmbunatatirea metodelor de
etalonare a acestora.

Etalonul de referinta in domeniul vibratiilor
mecanice dateaza din anul 2001 si cu ajutorul sau se
poate realiza etalonarea traductoarelor piezoelectrice
de acceleratie prin metoda de comparatie “spate la
spate”.

In anul 2007, Institutul National de Metrologie
devine membru fondator al EURAMET e.V.,, iar in
mai 2008, INM sub patronajul Biroului Roman de
Metrologie Legala a organizat si sustinut intrunirea
anuala a Comitetului Tehnic Acustica-Ultrasunete-
Vibratii (TC-AUV) al EURAMET, avand ca
organizator local pe dr. ing. Amalia Popescu [5].

. 3.ETALOANE UTILIZATE SICONSERVATE
IN DOMENIILE ACUSTICA SI CINEMATICA

In prezent colectivul Acustici-Cinematice detine
si utilizeaza referintele nationale ale Romaniei
pentru nivelul de presiune acusticd, acceleratia
vibratiei mecanice, sensibilitatea In sarcind a
accelerometrelor, turatie si viteza liniara asigurand
trasabilitatea valorilor acestora la SI.

Un aspect important al domeniului acustic este

30

of acoustic and vibration both the equipment and
measurement methods in these areas have been
developed, and specific quantities metrology.
International activity in the regulation of specific
equipment construction for these areas has led to
regulations in respect of their measurement and
characterization, leading to the establishment under
International Committee for Weights and Measures
(CIPM - Comité Poids et Mesures International)
of the Consultative Committee for Acoustics,
Ultrasound and Vibration (CCAUV) in 1998 and of
the Technical Committee Acoustics Ultrasound and
Vibration EURAMET (TC AUV) [2, 3].

At National Institute of Metrology, acoustics,
vibration and kinematics began to develop in the
early 80s when the acoustics laboratory was put into
service [4].

In 1999, it was attested the national measurement
standard of the unit bel [B] of sound pressure level
quantity, consisting of a group of three standard
condenser microphones type 4144 and two standard
acoustic sources (a pistonfon and an acoustic
calibrator).

Toaccept Romania’sparticipationininternational
comparisons, in 2003 it was purchased a primary
installation for the calibration of 1 inch and 'z inch
condenser microphones by the reciprocity method
along with a group of six condenser microphones
(three of type 4160 and three of type 4180 - the
only types of microphones that can participate in
international comparisons).

Progress in recent years carried out in the
study of the structure and the machinery of
various types, revealed many problems related to
mechanical vibration, the need to perform vibration
measurements more accurately became very
important.

Simultaneously efforts were made to optimize
vibration transducers study and improve their
calibration methods.

The reference measurement standard in the field
of mechanical vibration dates from 2001 and with its
help we can performed the piezoelectric acceleration
transducer calibration by comparison method ,,back
to back”.

In 2007, the National Institute of Metrology
becomes a founding member of EURAMET eV
and in May 2008 INM under the auspices of the
Romanian Bureau of Legal Metrology organized
and supported the annual meeting of the EURAMET
Technical Committee on Acoustics, Ultrasound
andVibration (TC-AUV), with the organizer dr. eng.
Amalia Popescu.

3. STANDARDS USED AND PRESERVED
IN ACOUSTICS AND KINEMATICS

Acoustics-Kinematics group currently holds and
uses the Romania’s national references for sound
pressure level, mechanical vibration acceleration,
charge sensitivity for accelerometers, rotations and
linear speed ensuring their traceability to the SI

METROLOGIE  2-3/2014
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acela cd pentru acest domeniu nu exista etaloane
primare §i nu existd nici etaloane itinerante, asa
cum sunt ele definite. Toate marimile metrologice
din domeniul acustic se determind numai prin
intermediul traductoarelor care convertesc marimea
acusticd In semnale electrice.

In schimb, metodele de etalonare si, in mod
special, etalonarea In camp de presiune si, respectiv,
in camp liber a microfoanelor de tip condensator prin
metoda reciprocitatii servesc drept etalon primar
[3]. Aceasta este cea mai raspanditd metoda pentru
realizarea unitatii de presiune acusticd, pascalul
in pres1une a microfoanelor etalon.

In anii 2005 si 2006, INM a participat la
compararea COOMET. AUVA K3 cu instalatia
primara 9699 pentru etalonarea prin metoda
reciprocitatii a microfoanelor condensator [6].
Rezultatele compararii au fost satisfacatoare, ca
urmare Romania si-a Imbundtatit capabilitatile
de maésurare si etalonare (CMC) declarate pentru
etalonarea in presiune a microfoanelor de laborator,
tip LS2P, prin metoda reciprocitatii. Acest rezultat
este concretizat atat prin validarea CMC-urilor
declarate de Romania si introducerea lor in baza
de date a BIPM 1in 2009, cat si prin recunoasterea
echivalentei etalonului national de presiune acustica
[2,6,7].

Romania are, iIn domeniul acustic, 8 CMC-uri
publicate in baza de date a BIPM, prezentate in
tabelul 1 [1, 2].

values.

An important aspect of the acoustic area is
that in this field there are no primary standards and
traveling standards as they are defined. All quantities
of the acoustic field are determined only by the
transducers that convert the acoustic quantity in
electrical signals.

Instead, the calibration methods, and particularly
pressure calibration, respectively, and free field
calibration of condenser microphones by the reciprocity
method serve as a primary standard [3]. This is the
most widespread method for realizing the unit sound
pressure, the pascal [Pa], indirectly by the determination
of the pressure sensitivity of standard microphones.
In 2005 and 2006, INM participated to the COOMET.
AUV.A-K3 comparison with the primary installation
type 9699 for the calibration of condenser microphones
by the reciprocity method [6]. Comparison results
were satisfactory, as a result Romania has improved
Calibration and Measurement Capabilities (CMC)
declared for pressure calibration of laboratory
microphone type LS2P, by reciprocity method. This
result is materialized both by validating Romania’s
declared CMC and publishing them in the BIPM
database in 2009 and the recognition of equivalence of
the national measurement standard of acoustic pressure
[2,6,7].

In acoustics, Romania has 8 CMCs published in
the BIPM database presented in table 1 [1, 2].

Also, efforts have been made to ensure traceability
through participation in key comparisons (table 2) [1].

Tabel 1 Lista capabilititilor de masurare din domeniul acustic publicatad in baza de date a BIPM [1. 2]
Table 1 List of the calibration and measurement capability for acoustics published in BIPM database [1, 2]

Serviciul de etalonare sau = ICondifi de masurare s i
e e Interval de masurare ariahile independent Incerftudinea extinsa
Tipul Unitate . Incertitudneg
- Instrument |- .| Valoare | Valoare . P Factor de| Nivel de e
Masurand | instumeiulu | - .= | Unitafi |Parameiu Specificalil Valoare de " k extinsa este
sl artefact e minima | maxma e extinders |incredsre relativa?
Mivel de | Microfoane | |IEC 61084- dB 315 Hz
eensibiitaty de masura | 21962 referints Frecventd B Hz 0,06 dB 2 95 % Mu
in presiung| tip LS2P 1ViPa)
Mivel de | Microfoane dB
kensibilitate] de masurs | 'E5 109 referintd Frecverts | "2/ 2| 005 | B 2 | 5% Nu
2 - - 21892 : 125kHz
in presiung| tip LS2F 1ViPa)
MNivel de | Microfoane IEC 51004 dB 2
sensihilitate de masurd 51902 referintg Frecventd | 16 kHz 0,04 dB 95 % MNu
in presiune| tip LS2P : 1ViPa)
Mivel de I'u"icrca‘oane IEC G004 dB 3
Eensibilitaty de masurd 71992 referintg Frecventd | 20kHz | 0,13 dB 95 % MNu
in presiune| tip LS2P - 1ViPa)
dB
Nivelde | jreche |Comparare pﬂg .|125 Hz1a 2 | o5%
Espuns 3l ariica | secvengald acustical | gz | 02 | B o
ladevaral
: g
Nivel de | CAIDE0T | g ofon it
presiuns ac_ush&__o de =) 2
Scusiics singura i o4 a4 refennts microfan LS2P 0,15 dB 95 % Nu
frecventa 1 I — 20 uPa)
kHz
Nivel de F":Itrf;ﬁ”m“ o @B 5
presiune frecventd | masurare 124 124 [referintg o —— LS2P 01 dB 95 % Mu
acustica 250 Hz etalonat 20 uPa)
Mivel de IEC 61672-1 dB
raspuns in| Sonometnu 5 (referint|Frecventd|  1kHz 025 dB 2 95 % MNu
presiune IEC 61672-2) 20 uPa)
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S-au depus eforturi pentru asigurarea trasabilitatii
prin participarea la comparari cheie (tabelul 2) [1].

Efforts have been made to ensure the traceability
through participation in key comparisons (table 2) [1].

Tabel 2 Lista serviciilor de etalonare sustinute de o capabilitate de masurare conexa [1]
Table 2 List of calibration services supported by a related measurement capability [1]

Etalonarea sau misurarea Interval de misurare Incertitudine extinsi
Comparare
. relevanti
Mirime Obiectul supus Echipament sau | Valoare | Valoare Unitate de Valoare | Unitate | Factorde
misuriirii ctalondiri metodi minimd | maximd misuri de extindere
. misurd
ACUSTICA - CINEMATICE
Nivelde rispuns | Microfon de masurh | ENCEI610946 4B 0,14 dB 2 COOMET
in presiune tip condensator de (referingd | AUV,
1 inci IViPay | A-K3
Nivelde rispuns | Microfon de miswrd | EN CEL6109%4-6 0,18 dB 2 COOMET.
n presiune tip condensator de (referingd AUY,
W2ipei | R 1ViPa) | A-K3
Mivel de presiune Calibyrator acustic Comparare directa T4 dB 015 dB 2 COOMET,
acustic (refering 20 ALY,
wPa) AK3
Nivel de presiune Aundiometn EN CEI 60643 dB 03 dB 2 COOMET.
acustica {referingd 20 AUV,
uPe) AK3
Miveel de rispuns Set de filtre acoesorii CEI 60651 dB 023 dB 2 COOMET.
n presiune T sonometne (refering 20 AUV,
P pPa) A-K3
Mivel de rispuns Amplificator de Metoda acustic dB 0,25 dB 2 COOMET, |
in presiune miksurd 5i metoda (referintd 20 AUV,
ISR S R electrica i) A-K3
Mivel de rispuns | Dozimetn de zpomot CEl 80631 dB 025 dB 2 COOMET
i presiune (referinga20 | AUV,
e R i) | A-K3
Mivel derdspuns | Analizor de frecvenia CEl 631 dB 025 dB 2 COOMET.
in presiune al semnalului acustic {referinga 20 AUY.
i) A-K3
Sensihilitate in Traductor acceleratie | Comparane directh plims™ 08 %o 2 COOMET.
2Arcing AUV,
V=K1
Sensibilitate in Amplificator de Comparare directl plims” 02 % 2 COOMET.
sarcind condifionan: : AUV,
V-K1
Avceheralia Calibrator peniry | Comparare directa 1 100 ms” [i¥3 % 2 COOMET.
vibratiel generale traductoare AUY. |
picrolelectrice de VerL |
accelerafie
Acceleratin Aparat de masurare a | Comparare directd | 0,1 100 ms” 06 % 2 COOMET.
vibrafiei vibratiilor aplicate : AUY,
MECanice corpului uman ___J V-KI
Accelerafia Aparal de masurat Comparare direct 0,1 100 mET 0,6 % 2 COOMET.
vibratiei parametrii vibraiel ALY,
mecanice mecanios 1 V-Kl
Acceleratia Instalatie de mesurat | Comparare directi 01 100 - 1 % 2 COOMET,
vibrafiei 5l generat vibratii AUV,
| mecanice | mecanice I Vel

Pentru etalonarea sonometrelor si dozimetrelor de
zgomot se folosesc urmadtoarele etaloane de transfer:
calibrator acustic LS tip 4231, pistonfon LS tip 4228 si
calibrator multifrecventa si multinivel tip 4226.

Trasabilitatea la etalonul national in domeniul
audiometriei (domeniul frecventelor audibile: 20 Hz-
20kHz) se asigura prin etaloanele de transfer si anume:
doud tipuri de dispozitive denumite generic urechi
artificiale, mastoida artificiala etalon, casti audiometrice
etalon.

In domeniul vibratiilor §i marimilor cinematice
principalele etaloane utilizate si conservate in cadrul INM
sunt:

- Etalonul de referinga in domeniul vibratiilor mecanice
reprezentat printr-un sistem de etalonare a traductoarelor
piezoelectrice de acceleratie, produs de Bruel & Kjaer,
compus dintr-un traductor piezoelectric etalon de
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The following transfer measurement standards are used
for the sound level meter and noise dosimeter calibration:
acoustic calibrator type 4231, pistonphone type 4228 and
multifunction acoustic calibrator type 4226.

Traceability to the national measurement standard in
the audiometry field (audible frequency range: 20 Hz-20
kHz) is provided by the transfer measurement standards,
namely: two types of devices generally called artificial
ear, standard artificial mastoid, standard audiometric
headphones.

On vibrations and kinematics quantities area the main
measurement standards used and preserved at INM are:

- Reference measurement standard for mechanical
vibration represented by a piezoelectric acceleration
transducer calibration system produced by Bruel & Kjaer,
consisting of a standard piezoelectric acceleration transducer
type 8305 and a precision conditioning amplifier type 2692
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acceleratie tip 8305 si un amplificator de conditionare de
precizie tip 2692 (cu doua canale de amplificare), etalonate
impreuna la PTB, prin metoda interferometrica (metoda
absolutd). Cu ajutorul acestui etalon, INM a participat in
2008 la intercompararea cheie COOMET.AUV.V-K1,
prin metoda “spate la spate”, metodd secundard de
etalonare a traductoarelor piezoelectrice de acceleratie, ale
caror rezultate urmeaza a fi publicate in baza BIPM;

- Etalonul de referinta pentru turatie reprezentat de
o instalatie etalon de turatie, productie Jaquet, dotatd cu
un tahometru de precizie conceput si realizat de membrii
colectivului Cinematice [1];

- Etalonul de referintd pentru viteza liniard reprezentat
de o instalatie digitald de ultimd generatie, fabricatie
Plano - USA, utilizata in principal la masurarea vitezei de
deplasare a autovehiculelor si la verificarea metrologica a
cinemometrelor de control rutier.

4. CONCLUZII

Eforturile depuse pentru asigurarea trasabilitatii la SI a
etalonului unitatii de mdasura a presiunii acustice, pascal
[Pa] au avut ca rezultat major imbunatatirea, cu aproape
un ordin de marime a CMC-urilor declarate de Roméania
pentru etalonarea in presiune a microfoanelor de laborator,
tip LSIP si LS2P prin metoda reciprocitatii — metoda
primara.

In ceea ce priveste domeniul vibratiilor si marimilor
cinematice, s-a participat la compararea cheie COOMET.
AUV.V-K1, rezultatele obtinute fiind satisfacatoare.

Astfel, colectivul Acustica-Cinematice si-a demonstrat

acustic si in domeniul vibratiilor mecanice.
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(with two amplifying channels), calibrated together at PTB
using the interferometric method (absolute method). With
this measurement standard INM participated in 2008 to
COOMETAUV.VK1 key comparison, using the “back
to back” method, secondary calibration method of standard
piezoelectric acceleration transducers, whose results will be
published on the BIPM database;

- Reference measurement standard for rotations
consists of a measurement standard installation for
rotations, made by Jaquet, equipped with a precision
tachometer designed and built by the Kinematical group
members [1].

- Reference measurement standard for linear speed
represented by a next-generation digital equipment, made
by Plano - USA, used mainly to measure the moving speed
of cars and the metrological verification of kinemometers
for traffic control.

4. CONCLUSION

Efforts made to ensure traceability to SI of the
measurement standard of unit of sound pressure, pascal [Pa],
have resulted in major improvements, almost an order of
magnitude of CMCs declared by Romania for the pressure
calibration of laboratory standard microphones type LS1P
and LS2P by reciprocity method - primary method.

Regarding the vibration and kinematic quantities
field, we participated the COOMET.AUV.V-K1 key
comparison, and the obtained results were satisfactory.

Thus, the Acoustics-Kinematics group demonstrated
the capability to ensure the traceability in the acoustic
field and mechanical vibration areas.
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