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Abstract

Participation in the Mutual Recognition Arrangement (MRA) of the International Committee on Weights and Measures
(CIPM) offers great opportunities for recognition in other countries of the results of calibration and measurements per-
formed by National Metrology Institutes. The Azerbaijan Republic signed the Memorandum of Understanding of Euro-Asian
Cooperation of National Metrological Institutions (COOMET) in 2007 and the Metre Convention in 2015. The Azerbaijan
Institute of Metrology (AzMI) also signed the CIPM MRA in 2015.

Within the framework of the CIPM MRA, AzMI has been participating in nine international comparisons of the
national measurement standards from 2012 to 2019 in four measurement areas (EM, M, RI, T). Key and supplementary
comparisons of the measurement standards in different areas of measurements are carried out by Regional Metrology Orga-
nizations (RMOs), in particular COOMET. The results of five COOMET comparisons are published in the Key Comparison
Database (KCDB) of the International Bureau on Weights and Measures (BIPM) already for EM, M, and T.

AzMI has total 25 published entries of calibration and measurement capabilities (CMCs) in KCDB of BIPM:
24 entries for temperature (T) and one entry for viscosity (M.V). The Institute has the ability to prepare for the publication
of CMCs for EM and M. The Institute also can prepare for the publication of CMCs for RI, EM (using future results of
comparison for electric resistance standards), and M (using future results of comparison for density of liquids and com-

parison for liquid volume).
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logy institute.
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Introduction

Participation in the Mutual Recognition Ar-
rangement (MRA) of the International Committee on
Weights and Measures (CIPM) [1] offers great op-
portunities for recognition in other countries of the
results of calibration and measurements performed by
National Metrology Institutes (NMIs). The Azerbaijan
Republic signed the Memorandum of Understanding
of Euro-Asian Cooperation of National Metrological
Institutions (COOMET) in 2007 and the Metre Con-
vention in 2015. The Azerbaijan Institute of Metro-
logy (AzMI) as Azerbaijan NMI also signed the CIPM
MRA in 2015.

The CIPM MRA plays an important role in en-
suring the international equivalence of the national
measurement standards of different countries through
their comparisons [2] and publishing the calibration
and measurement capabilities (CMCs) of NMIs [3]
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that have signed this agreement. Results of all compari-
sons of the measurement standards are published in a
special key comparison database (KCDB) of the Inter-
national Bureau on Weights and Measures (BIPM) [4].

Key and supplementary comparisons of the mea-
surement standards in different arecas of measurements
are carried out by Regional Metrology Organizations
(RMOs), in particular COOMET. For RMO compari-
sons the reference value (RV) and degree of equiva-
lence (DoE) of the national measurement standards
with corresponding uncertainty are established. The
obtained results of comparisons serve as the basis for
the preparation and publication in KCDB of BIPM of
the NMI CMC:s after the corresponding inter-regional
reviewing [5].

Metrological traceability is important for national
accredited laboratories and industrial metrology [6, 7].
First of all, it is based on the results of comparison

50 Ukrainian Metrological Journal, 2020, No 4, 50-56



Yu. Hasanov, O. Velychko

6
5

5
4
3

2
2_

1 1

oy Il
0‘ T

EM M RI T

Fig. 1. The distribution of all comparisons by measurement areas

of the national measurement standards and calibra-
tion of measuring instruments and working standards
for accredited calibration and testing laboratories. In
this case, it is obligatory to assess the measurement
uncertainty [8] at all stages of the implementation of
metrological activities.

1. The problem statement, aim and objectives of the
study

The research was aimed at developing recom-
mendations for NMI with the aim of more effectively
implement the provisions of the CIPM MRA and
improving of metrological traceability at the national
level.

To achieve this aim, the following objectives must
be accomplished:

* to analyze the results obtained by AzMI in
comparisons of the measurement standards in diffe-
rent measurement areas and published CMCs of AzMI,;

* to establish and investigate the possibility of
preparing new CMCs of AzMI based on the results of
the performed comparisons in order to expand the base
for calibration of measuring instruments and working
standards for national accredited laboratories.

2. Comparisons of the national measurement standards

Within the framework of the CIPM MRA, AzMI
has been participating in nine international compari-
sons of the national measurement standards (one is
key comparison and eight are supplementary compari-
sons) from 2012 to 2019 in four measurement areas
(EM — electricity and magnetism, M — mass and re-
lated quantities, RI — ionizing radiation, T — ther-
mometry). As it can be seen, all comparisons are very

important for measurements that are massively carried
out in the industry of the Azerbaijan Republic.

The distribution of all comparisons by measure-
ment areas is shown in Fig. 1 (M includes measure-
ment sub-areas: M.D — density of liquids, M.FF —
liquids volume, M.M — mass, M.P — gauge pressure,
M.V — liquids kinematic viscosity).

The results of 5 COOMET comparisons are
published in the KCDB of BIPM already for EM
(COOMET.EM-K6.a [9]), M (COOMET.M.V-SI
[10], COOMET.M.M-S84 [11], and COOMET.M.P-
S5 [12]), and T (COOMET.T-S2 [13]).

COOMET.RI(I)-S3 comparison of the national mea-
surement standards of air kerma for X-radiation quantities
used for radiation protection and diagnostic radiology for
RI, COOMET.EM-S19 comparison of electric resistance
standards for EM, and COOMET.M.D-S1 comparison
for density of liquids, and COOMET.M.FF-S7 compari-
son for liquid volume for M are in progress now.

3. Comparisons of the national measurement standards
for electromagnetic quantities

The COOMET key comparison of AC/DC voltage
transfer references (COOMET.EM-K6a) was performed
in the framework of COOMET 566/UA/12 project
from 2013 to 2014. In this comparison five NMIs took
part: SE “Ukrmetrteststandard” — UMTS (Ukraine),
pilot lIaboratory; VNIIM (Russia); SMS — AzMI now
(Azerbaijan); BelGIM (Belarus); INM (Romania).

RVs (xref) and expanded uncertainties (U, ef) for
COOMET.EM-K6a comparison at frequencies of
20 Hz, 1 kHz, 20 kHz, 100 kHz, and 1 MHz are
given in Table 1. DoE of NMI-participants are given
on Fig. 2 at frequency of 1 kHz only (for example).

Table 1
RVs and expanded uncertainties at all frequencies
20 Hz 1 kHz 20 kHz 100 kHz 1 MHz
Yo Uy Yo Uy ey Uy Yres Uy Yo Uy
3.22 5.38 0.30 3.48 -1.98 3.69 -6.81 6.14 -40.38 | 31.83
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Fig. 2. DoE of NMl-participants at frequency of 1 kHz

Link of results from COOMET.EM-K6a to the
CCEM-K6a [14] carried out between 1993 and 1999
was proposed (Fig. 3). VNIIM (Russia) is linking
NMIs as far as they also participated in CCEM-Ko6a.
The Azerbaijan Republic was not a signatory of the
CIPM MRA at the time of the comparison therefore
the results of the SMS were not linked. The linking
of the SMS results was carried out in [15].

4. Comparisons of the national measurement standards
for mass and related quantities

The COOMET supplementary comparison for
measurement of liquids kinematic viscosity of 20 mm?/s,
100 mm?/s, 1000 mm?2/s and temperature of 20 °C
(COOMET.M.V-S1) was performed in the framework
of COOMET 588/RU-a/12 project from February to
May 2013. In this comparison two NMIs took part:
VNIIM (Russia), pilot laboratory; AZSTAND — AzMI
now (Azerbaijan).

Results of NMI-participants for COOMET.M.V-
S1 comparison are given in Table 2 [10].

The COOMET bilateral supplementary com-
parison for mass standards (COOMET.M.M-S4) was
performed in the framework of COOMET 722/AZ/17
project from December 2016 to February 2017. In this
comparison two NMIs took part: CMI (Czech), pi-
lot laboratory, and AzMI (Azerbaijan). The transfer
standards were OIML class E, standard weights with
nominal mass values of 5 kg, 500 g, 20 g, 2 g and
100 mg.

Deviations from mass (Am) and expanded uncer-
tainties (UAm) for COOMET.M.M-S4 comparison are
given in Table 3 [11].

The COOMET bilateral supplementary compari-
son of hydraulic gauge pressure standards from 5 to
34 MPa (COOMET.M.P-S5) was performed in the
framework of COOMET 723/AZ/17 project from April
to June 2017. In this comparison two NMIs took part:

CCEM-K6a, EUROMET.EM-K6a, SIM-K6a, AMPM.EM-K6a, SIM.EM-K6.1 and COOMET.EM-K6a
AC/DC voltage transfer difference at frequancy 1 kHz, 3 V
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Red diamonds: participants in CCEM-K6a; Green triangles: participants in EUROMET.EM-K6a; Blue circles: participants in SIM.EM-K6a;
Orange squares: participants in APMP.EM-K6a; Pink triangle: participants in SIM.EM-K6.1; Brown circles: participants in CO

Fig. 3. Linked DoE of NMl-participants at frequency of 1 kHz
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.. ) Table 2
Results of NMI-participants for COOMET.M.V-S1 comparison, mm?/s
VNIIM AzMI
Liquid A ua)
xVNHM uVNHM xAzMI quM]
20 19.446 0.096% 19.461 0.204% 0.015 0.451%
100 112.49 0.100% 112.64 0.230% 0.150 0.502%
1000 1007.3 0.100% 1007.2 0.300% -0.100 0.620%
NOte: A - xAzMI - 'xVNIIM; LF(A) - 2‘\/(MZAZMI + u2VNIlM)
Table 3
Deviations from mass and expanded uncertainties
CMI AzMI
Nominal value
Am u,. Am u,,
Skg 1.1 mg 0.8 mg 1.6 mg 0.8 mg
500 g 0.39 mg 0.09 mg 0.40 mg 0.08 mg

20¢g 0.021 mg 0.009 mg 0.025 mg 0.008 mg

5S¢ 0.0131 mg 0.0053 mg 0.0189 mg 0.0041 mg

100 mg 0.0007 mg 0.0030 mg 0.0002 mg 0.0016 mg

CMI (Czech), pilot laboratory, and AzMI (Azerbai-
jan). The transfer standard was a digital manometer,
Crystal XP 2i with the gauge pressure range from 0

to 34000 kPa.

Results of NMI-participants for COOMET.M.P-
S5 comparison are given in Table 4 (A = x

[12].

AzMI

— X,

from August 2015 to February 2018. In this comparison
seven NMIs took part: INM (Moldova), pilot labo-
ratory, CSM (Kyrgyzstan), KazInMetr (Kazakhstan),

GEOSTM (Georgia), IMBiH (Bosnia and Herzego-

CMI)

thermometers (PRTs).

5. Comparisons of the national measurement standards

for temperature

The COOMET supplementary comparison for
calibration of 100 Q industrial platinum resistance
thermometers in thermostats at temperature range
from —40 to 420 °C (COOMET.T-S2) was performed
in the framework of COOMET 642/MD/14 project

vina), UME (Turkey), and AZSTAND (Azerbaijan).
The transfer standards were two platinum resistance

Results of NMI-participants for COOMET.T-

S2 comparison are given in Table 5 and in Fig. 4 at

30 °C only (for example) [13], where ¢ is measured
temperature reported by the NMI-participants; R(?) is
measured resistance reported by the NMI-participants;
U(t) is expanded uncertainties for R(7); Wt is values
defined as the quotient between the resistance value

Table 4
Results of NMI-participants for COOMET.M.P-S5 comparison, kPa
Conventional value of CMI AzMI A
pressure xCMI UCMI xAzMI UAZMI

0 0 1 0.0 0.6 0.0
5000 -1 1 2.4 0.6 1.4
10000 -5 1 -5.7 1.7 0.7
15000 -8 1 -8.7 1.7 0.7
20000 -10 1 -10.5 1.6 0.5
25000 -11 2 -11.4 1.6 0.4
30000 -13 2 -12.8 1.8 -0.2
34000 -15 2 -14.7 1.5 -0.3
34000 -15 2 -14.7 1.5 -0.3
30000 -14 1 -13.1 1.7 -0.9
25000 -12 2 -12.1 0.8 0.1
20000 -10 1 -11.0 1.6 1.0
15000 -9 3 9.5 1.6 0.5
10000 -5 1 -6.2 1.7 1.2
5000 -2 1 -2.9 1.6 0.9

0 -1 1 -0.2 1.5 -0.9
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Table 5
Results of NMI-participants for COOMET.T-S2 comparison

Laboratory t, °C U(y), °C R(1), Q W(tcp), Q/IQ
INM 29.985 0.012 111.9408 1.118571
CSM 29.961 0.020 111.9245 1.118606
AzMI 30.065 0.009 111.8511 1.118548
GEOSTM 30.003 0.012 111.9430 1.118614
IMBiH 29.976 0.007 111.9337 1.118554
UME 30.072 0.010 111.9725 1.118572
KazInMetr 30.030 0.046 112.0997 1.118659
INM 30.015 0.012 111.9523 1.118588

of the thermometer at the calibration point and the
resistance value at the triple point of water; W(tcp)
is calculated W at the nominal value of the calibra-
tion point . RV of comparison at 30 °C is Wr
=1.118579 Q/Q and expanded uncertainties of RV at
30 °Cis U, = 0.014 °C.

6. Calibration and measurement capabilities of the Azer-
baijan Republic

AzMI has COOMET Certificate QSF-R53 on re-
cognition of a quality management system according
to ISO/IEC 17025 issued 01/31/2018 until 01/31/2023
for EM, M, RI, T. AzMI has a total of 25 published
CMCs in KCDB of BIPM: 24 entries for tempera-
ture (T) in 2020 based on COOMET.T-S2 comparison
and one entry for viscosity (M.V) in 2018 based on
COOMET.M.V-S1 comparison.

AzMI has the ability to prepare for the publication
of CMCs for EM (using published in 2016 results of
COOMET.EM-K6.a comparison of AD/DC voltage
transfer standards) and M (using published in 2019 re-
sults of COOMET.M.M-S4 comparison of mass stan-

dards and published in 2018 results of COOMET.M.P-
S5 comparison of gauge pressure).

AzMI also can prepare for the publication of
CMCs for RI (using future results of COOMET.
RI(I)-S3 comparison of the national measurement
standards of air kerma for X-radiation quantities used
for radiation protection and diagnostic radiology from
2016 to 2017), EM (using future results of COOMET.
EM-S19 comparison for electric resistance standards
from 2015 to 2017), and M (using future results of
COOMET.M.D-S1 comparison for density of liquids
from 2012 to 2015, and COOMET.M.FF-S7 compari-
son for liquid volume from 2018 to 2019).

Summary

AzMI has been participating in COOMET com-
parisons of the national measurement standards in dif-
ferent measurement areas. It holds a valid COOMET
Certificate on recognition of a quality management
system according to ISO/IEC 17025. The Azerbaijan
Republic has published CMCs in two measurement
areas in KCDB of BIPM.
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Fig. 4. Results of NMI-participants at 30 °C
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AzMI has the ability to prepare for the publica- parisons. This will allow expanding the base for cali-
tion of CMCs for EM and M (M.M, M.P) and also bration of measuring instruments and working stan-
can prepare for the publication of CMCs for RI, dards for national accredited calibration and testing
EM and M using future results of COOMET com- laboratories.

Oco0mBocTi peanidanii Yroou CIPM MRA
AzepOaiimkancbko Pecmy0.1iko10
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T AsepbalidxaHcbka OepxxasHa Mopchbka akademisi, eyn. 3apugha Aniesa, 18, 1000, baky, AsepbalidxaHcbka Pecnybrnika
yusif_nadiroglu@mail.ru
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AHoTauis

Yuacte B Yroai npo B3aeMHe Bu3zHaHHS (MRA) MixHaponHoro komitety 3 Mip Ta Bar (CIPM) mponoHye Benauki
MOXJIMBOCTI JUISI BU3HAHHSI B IHIIMX KpaiHax pe3y/bTaTiB KajliOpyBaHHS Ta BUMIipIOBaHb, NMPOBEICHUX HalliOHAJbHUMU
METPOJIOTIYHMMU 1HCTUTYTaMu. AsepOaiimkaHcbka Pecrybmika minnucana MeTpuuHy KoHBeHLio B 2015 pomi. Asepbaii-
JKAHCBhKUI iHCTUTYT MeTpoJorii (AzMI) takox mingnucas CIPM MRA y 2015 poui.

KitouoBi Ta n10maTKoOBi 3BipeHHSI €TaJIOHIB y Pi3HUX Tally3dX BUMIpIOBaHb MPOBOASITHCS PEriOHaTbHUMMU METPOJIOTIU-
HuMHM opradizauissmu (PMO), 30kpemMa €Bporneiicbk0-a3iaTChbKOro CriBpOOITHULITBA HALliOHATbHUX METPOJIOTIYHUX YCTaHOB
(COOMET). V¥ pamkax CIPM MRA AzMI 6paB i mpomoBXye OpaTu y4acTh y N€B’SITM MiXKHapOMHUX 3BipeHHSIX Hallio-
HasbHUX eTaioHiB COOMET i3 2012 no 2019 pp. y yotupbox ranyssx suMiptoBaHHs (EM, M, RI, T), 3okpema B ogHOMY
KJIIOYOBOMY 3BipeHHI Ta BOCbMU NONATKOBUX.

Pesynbratu m’aru 3Bipenb COOMET Bxe onyonikoBaHi B bazi manux xiodoBux 3BipeHb (KCDB) MixHaponHoro
61opo 3 mip ta Bar (BIPM) migs EM, M i T. AzMI mae nirounii ceprudikar COOMET mnpo BuU3HAHHSI CUCTEMM YIIpaB-
JIiHHA sKicTio BimnmoBimHo mo cranmapty ISO/IEC 17025. Asep6aiimxanchka Pecmy6mika omy6mikyBaia 8 KCDB BIPM
PSAOKU KaJiOpyBaJIbHUX i BUMiptoBaibHUX MoxiauBocTeit (CMC) y aBox Bumax BuMiptoBaHb. AzMI mae 3arajiom aBanlisiTh
n’arb onyosikoBaHux psnkis (CMC) y KCDB BIPM: nBanugrs yotupu psaku mist temmepatypu (T) i onuH psnok st
B’s13kocTti (M.V).

IHCTMTYT Mae MOXIUBICTH TiaroryBaTucst mo myoumikauii CMC-psnkiB mit EM i M (M.M, M.P), a mia RI, EM
(BUKOPUCTOBYIOYM MaiOyTHI pe3yJbTaTu 3BipeHb IJISI €TAJOHIB €JCKTPUYHOro oropy) i M (BUKOPUCTOBYIOUM MaiOyTHi
pe3yJbTaT! 3BipeHb IIOAO0 IIUIBHOCTI pimuH i 3BipeHBb 10H0 06’emy pimnHHM). Lle m03BOIMTH PO3IMMPUTH Oasy IS Kali-
OpyBaHHSI BUMIpIOBaJIbHUX MPUJIAAiB i poOOYMX CTAaHAAPTIB ISl HALlIOHATBbHUX aKPEeAUTOBAHUX JIAOOPpaTOpPiil KanmiOpyBaHHS
Ta BUIMPOOYBAHb.

KiouoBi ciioBa: BuUMipioBaHHS, 3BipeHHs; €TajloH; KaJiOpyBaJibHI Ta BHMIpIOBaJbHI MOMKJIMBOCTI; HalliOHAJIbLHUIA
METPOJIOTIYHUI iIHCTUTYT.
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KO. MacaHoB’, O.H. Bennyko?
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AHHOTaIMS
VYuacrtue B ComnaiieHuu o B3auMHOM TpusHaHuu (MRA) MexnyHaponHoro komureta Mep U BecoB (CIPM) oTKpbiBaeT
0OJIbIIME BO3MOXHOCTU [UIS IIPU3HAHUS B APYIMX CTpaHaX pe3yJbTaTOB KaJIMOPOBKM U M3MEPEHMI, BBIITOJHEHHBIX
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HaIIMOHAIBHBIMU METPOJIOTMUECKUMM WHCTUTYTaMU. A3epbaiimkaHckas Pecrybnvka moanucana MeTpuieckyio KOHBEHIIUIO
B 2015 r. AzepbaiimkaHckuit UHCTUTYT MeTposiorun (AzMI) Takxke nmoanucan CIPM MRA B 2015 1.

B pamxax CIPM MRA AzMI yyacTBOBal M MpPOIOJIKAET YJYaCTBOBAaTh B JEBSITH MEXKIYHAPOMTHBIX CIMYCHMSIX
HallMOHAIbHBIX 3TaIoHOB ¢ 2012 o 2019 rr. B yerbipex obnactsax uzMepeHuii (EM, M, RI, T). Pesynabrarel ngatu ciauye-
Huit COOMET yxe omybnukoBaHbl B baze maHHbIX KimoueBbix cianueHuii (KCDB) MexknyHaponHoro 610po Mep U BECOB
(BIPM) mta EM, M u T.

Bcero AzMI onybiaukoBan 25 cTpoOK KaJMOPOBOUHBIX M M3MepuTelbHbIX Bo3MoxHocTeir (CMC) B KCDB BIPM:
24 ctpoku s temriepatypsl (T) u omHa crpoka mist Bszkoctd (M.V). MHCTUTYT MMeeT BOZMOXHOCTD TIOATOTOBUTHCS K TTy0-
qukaiuu CMC-ctpok wist EM u M, a takke ni1s RI, EM (c ucnosnb3oBaHMeM OyaylIuxX pe3yabTaToOB CIMYEHUI 3TaJOHOB
3JIEKTPUIECKOTO COTPOTUBJIEHMs]) U M (C MCIOJIb30BaHMEM OYIyNIMX DPe3yJbTaTOB CIMYEHWN IO TJIOTHOCTU KUAKOCTEH
U CIWYEHUI 10 00BbEMY XXUIKOCTH).

KimoueBble ci0Ba: M3MepeHue; CIIMUEHUE; 3TAJOH; KaJuOPOBOYHBIE U M3MEPUTEbHBIE BO3MOXHOCTH, HAlMOHAJIbHBII
METPOJIOTUIECKUIT UHCTUTYT.
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