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Abstract

The processes of globalization in the world economy demand the elimination of technical barriers in international
trade, particularly in the energy sector. To resolve conflicts between gas suppliers and consumers, the implementation
of the concept of metrological traceability of measuring instruments to the base units of the SI system through a continuous
calibration chain becomes relevant. Simultaneously, it is necessary to apply the concept of measurement uncertainty
to assess the accuracy of measurements.

An important aspect of measurements is measurement traceability insurance, as one of the most effective ways
to determine the measurement uncertainty is to assess the accuracy of the instrument. This concept plays a key role
in the processes of calibration, conformity assessment, and verification of measuring instruments, and it is also essential
for participation in international trade. Metrological traceability ensures the reliability of measurement results through
the establishment of a continuous calibration chain.

The paper focuses on improving the methods, development of relevant devices, and on the creation of a regulatory
framework that would ensure the linkage of working measuring instruments used for natural gas accounting with national
primary state measurement standards. A traceability chain has been established for measurements from the national primary
measurement standard of the unit of volume and volumetric gas flow rate to working measuring instruments, with normalized
uncertainty values throughout the entire hierarchy of gas flow rate unit transfer. To ensure measurement traceability, regulatory
documents, which establish calibration procedures, have been implemented in Ukraine’s metrological practice. Theoretical and
experimental studies of meters have been conducted to use them as transfer measurement standards. Particular attention has
been paid to the stability and reproducibility of results, as well as the adaptation of methods to international measurement
standards.
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Introduction

Metrological traceability is a property of measurement
results that ensures the possibility of linking them to
a measurement standard through an unbroken chain of
calibrations, each of which is documented and contributes
to the measurement uncertainty [1].

National metrology institutes maintain units of mea-
surement with detailed and analysed uncertainties and
transfer them to secondary and working measurement
standards (e.g., standards used in accredited laboratories)
for use during calibrations.

Consumers aim to reduce their costs, meaning they
want to be confident in the accuracy of measurements
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performed by commercial gas metering skids [2]. The
calculation of consumed energy is usually based on the
aggregated volumes of natural gas at the metering skids
of both the supplier and the consumer. Accordingly, the
consumer is confident that the gas meter, after periodic
verifications, remains within the established confidence
limits of the measurement error. At the State Enterprise
“IVANO-FRANKIVSKSTANDARDMETROLOGY?”,
efforts are being made to meet these requirements and
support the energy independence of this country. First
and foremost, this involves maintaining and ensuring
the sustainable functioning of the national measurement
standard base, which is a state-owned one and, in turn,
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ensures the preservation, reproduction, and transmission
of the unit of volume and gas flow rate in Ukraine.

The issue of ensuring the metrological traceability
through the improvement of methods and devices, as well
as the establishment, preservation, and stable functioning
of Ukraine’s national measurement standard base, is par-
ticularly relevant today.

The purpose of this paper is to solve the scientific and
applied problem of ensuring the accuracy of measurements
of volume and gas flow rate. This is achieved through
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the improvement of methods and devices that ensure
the linkage of working measuring instruments used for
natural gas accounting with the national measurement
standard base of Ukraine.

Main material of the paper

Metrological traceability of measurements of volume
and gas flow rate, which is ensured at the State Enterprise
“IVANO-FRANKIVSKSTANDARDMETROLOGY”,
is shown in Fig. 1.
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Fig. 1. Structural diagram of the transfer of the unit of volume and volumetric gas flow rate provided by
the SE “IVANO-FRANKIVSKSTANDARDMETROLOGY”
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Fig. 2. State primary measurement standard of units of gas volume and volumetric flow rate
(CMC-entry — UA1) — DETU 03-01-15

At the “National State Primary Standard” level,
there is the state primary measurement standard of
volume and gas flow rate units (CMC-entry — UAl) —
DETU 03-01-15 (Fig. 2), designed for the preservation,
reproduction, and transmission of the unit of volume and
gas flow rate. This standard has the highest metrological
characteristics in this measurement field in Ukraine, with
a combined standard uncertainty of 0.1%.

The State Primary Measurement Standard and
most secondary measurement standards are complex,
dynamic systems that cannot be dismantled or
transported. Therefore, to ensure the transfer of
the size of volume and gas flow rate units from the
primary measurement standard to secondary and
working standards (calibration installations), as well as
to conduct their mutual comparisons, the traceability
chain includes transfer measurement standards, which
are at the “Transfer standards” level.

Comparisons using transfer measurement
standards are advisable, since the metrological analysis
of working measurement standards (calibration
installations) may not fully identify all sources
of measurement uncertainty, particularly Type A
uncertainties. Therefore, comparisons against the

primary measurement standard shall be the best
method for identifying these components [2].

First of all, each transfer measurement standard
is subject to individual calibration to ensure a higher
level of accuracy. The reproducibility of the calibra-
tion characteristic of the transfer measurement stan-
dard, which indicates its stability over time (at least
during the calibration interval), shall not be worse
than + 0.05%. The calibration characteristic shall be
periodically verified, especially as soon as the transfer
measurement standard has been transported, or if it
has been preserved for a long period. The calibration
characteristic of transfer measurement standards shall
be approximated by a polynomial of no higher than
the second order as follows [2]:

8(q)=aq +agq + a +aq +aq, (1)

where a are the coefficients of the approximation
polynomial, which are determined from the calibra-
tion results; ¢ is a volumetric flow rate.

A transfer measurement standard shall have
a well-understood physical model and clear external
influences on it. If the characteristics of the stan-
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dard can be affected by temperature changes, instal-
lation conditions, or the parameters of the ambient
conditions, these influences shall be eliminated, or they
shall be predictable so that they can be accounted for,
and all the necessary corrections can be made [3].

A transfer measurement standard shall be resistant
to any mechanical damage during transportation and
operation. It is desirable for such standards to be made
and used in the form of a modular design, which shall
be stable and uniform for different types of instal-
lations [4].

A special requirement for transfer measurement
standards is their compatibility (electrical, mechanical,
hydrodynamic, etc.) with primary, secondary, and
working standards. To meet this requirement, transfer
standards shall be equipped with high-frequency and
low-frequency pulse volume and gas flow rate converters,
and their calibration (grading) and operation shall be
carried out with straight sections of pipelines, which
shall be an integral part of the transfer measurement
standards and ensure the same installation position [2].

It is desirable for transfer measurement standards
to have a self-diagnosing component. For this pur-
pose, such standards are equipped with redundant
pulse converters and a system for data collection and
processing.

In addition, transfer standards shall not disturb
the flow of the working environment (i.e., they shall
not create flow pulsations, resonance phenomena, etc.)
not to influence the metrological characteristics of
the standards being compared [4].

For example, the following are used as transfer
standards: the IGTM-CT turbine meter, equipped with
high- and low-frequency pulse converters for volume
and gas flow rate (Fig. 3), the non-resonant IRM3-
DUO rotary gas meter (Fig. 4), and the Ritter drum
gas meter (Fig. 5).

The transfer measurement standards used
at the State Enterprise “IVANO-FRANKIVSK-
STANDARDMETROLOGY” operate in the measure-
ment range from 0.016 m3/hour to 6500 m?3/hour.
The expanded measurement uncertainty of gas volume
measurements does not exceed 0.15%.

Experts from the State Enterprise “IVANO-
FRANKIVSKSTANDARDMETROLOGY” have al-

1
y

Fig. 3. IGTM-CT turbine type transfer standard

.

=

Fig. 5. Ritter drum-type transfer standard

ready conducted comprehensive studies of the transfer
measurement standards, the results of which are
presented in Table 1.

Table 1
Characteristics of Transfer Measurement Standards
Ne Metrological characteristics Ritter IRM3-DUO G650 | IGTM-CT G1600
1 Flow range, m*/hour 0.016 +2 2 +1000 160 + 2500
2 Expanded measurement uncertainty +0.15% +0.12% +0.14%
Deviation from the approximated
3 characteristic over the entire flow +0.04% +0.03% +0.03%
range, not more than
4 Reproducibility +0.05% +0.05% +0.05%
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Fig. 7. Conversion factor of the transfer standard based on the IRM3-DUO rotary meter
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Fig. 8. Conversion factor of the transfer standard based on the IGTM-CT turbine type meter

Figures 6—8 show the conversion coefficients of At the “Secondary standards” level, there
transfer measurement standards based on the Ritter are national (secondary) measurement stan-
drum meter, the IRM3-DUO rotary gas meter, and dards of volume and gas flow rate units (CMC-
the IGTM CT turbine meter, respectively. entry — UA2) — NDETUM-04-2019 (Fig. 9),
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Fig. 9. NDETUM-04-2019

Fig. 11. VETU 03-01-03-11

NDETUM-05-2019 (Fig. 10), and (CMC-
entry — UA4) — VETU 03-01-03-11 (Fig. 11) /
VETU 03-01-04-12 (Fig. 12), which receive the
unit and are compared with the primary mea-
surement standard using methods and tools
that vary depending on the gas flow rate. The
expanded measurement uncertainty of gas volume
measurements does not exceed 0.15%, with a flow
range of 0.001 m3/hour — 7800 m3/hour.

TN ..
Fig. 12. VETU 03-01-04-12

It shall be noted that the secondary standards,
maintained by the State Enterprise “IVANO-
FRANKIVSKSTANDARDMETROLOGY?”, operate
in an “air” working environment. Accordingly,
when the working environment and its parame-
ters change, the metrological characteristics of
the standards will also change.

Existing national measurement standards require

the measurement uncertainty of the standards used
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Fig. 13. Accumulation of uncertainty when transferring units
from the primary standard

to be specified. Fig. 13 shows the scheme for the
accumulation of uncertainty when transferring units
from a primary standard to a secondary one.

Thus, the expanded measurement uncertainty of
the primary standard U(U,g) includes uncertainties
of Type A(U,) and Type B (U,):

U, =\/Uj +U.. ()

As for the expanded uncertainty of the unit
transfer by the comparator, it includes the expanded
uncertainty of the transfer measurement standard
of Type A (U,,s) and the expanded uncertainty of
the primary measurement standard Up.

Ucvm = VU;S + U;TS : (3)

Thus, the uncertainty of the secondary standard
U, shall account for the root mean square deviation
of the measurement result when comparing it with
the primary measurement standard, U,g, and the root
mean square deviation of the systematic component of

the uncertainty of the transfer measurement standard,
which includes the uncertainty of transferring the
unit from the primary standard using transfer stan-
dards accordingly [4].

The expanded uncertainty of the secondary
standard Uy actually includes the expanded uncertainty
of the unit transfer method U, using the compara-
tor and the expanded uncertainty of Type A of
the secondary standard U, g:

Uss = \/U:S + Uj.rs + U:‘ss : (4)

In practice, a lot of working measurement stan-
dards are used at enterprises for the calibration of gas
accounting measuring instruments, which cannot be
directly compared with the “Secondary standards” [4].

Therefore, such enterprises need to have own
standards to be used for the calibration of working
measuring instruments. These standards are included in
the traceability chain and shall therefore be calibrated
using “Transfer standards”.

At the “Working standards” level, there are
working measurement standards, which are calibrated
with the “Transfer standard” according to the
established calibration intervals. This calibration is
carried out to calculate the metrological uncertainty
of the working measurement standards, while checking
the completeness, labelling, external inspection,
and functionality. The uncertainty of pressure and
temperature sensors shall be evaluated, and the
tightness of the experimental and measurement lines
shall be checked [5]. All measurement results shall be
recorded in reports and confirmed by the appropriate
document — a calibration certificate.

In the final result, gas volumetric flow meters
are tested on “Working standards” according to ac-
curacy classes and are then handed over to the con-
sumer [6].

Conclusion

The National Measurement Standard Base
of Ukraine, maintained and operated by the
State Enterprise “IVANO-FRANKIVSKSTANDARD-
METROLOGY”, undergoes regular international
comparisons and is included in the BIPM database,
which positively impacts the consistency and relia-
bility of measurements in natural gas accounting and
ensures the metrological and energy independence of
this country.

The activities of specialists at State Enterprise
“IVANO-FRANKIVSKSTANDARDMETROLOGY”
are focused on ensuring the transfer of the unit
of volume and gas flow rate from the national pri-
mary measurement standard to the gas meters used
by consumers with a declared accuracy.
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3a0e3neyeHHs MPOCTEXKYBAHOCTI OJUHMIL 00’ €MY
Ta 00’°€MHOI BUTpaTu rasy a0 HamioHaabHoi eTajiOHHOI
0a3u YKpainu
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AHoTauis

IIporecu rmodamizalii CBiTOBOI €KOHOMIKM BUMararoTh YCYHEHHS TEXHIYHUX Oap’epiB y MixKHApOIHii TOPTiBJli, 30KpeMa
y cdepi eHeproHociiB. 151 BperyjitoBaHHSI CyNepeyHOCTel MiX MOCTayaJbHUKAMU Ta CIOXWBayaMU Ta3y akTyaJbHUM CTa€
BIPOBAKEHHST KOHIIETIIT METPOJIOTIYHOI MTPOCTEXKYBAHOCTI 3aC00iB BUMipIOBaHHS 0 OCHOBHMX OIMHUIIL cucTeMu SI uepes
Oe3nepepBHUI JJaHLIOT KajaiopyBaHHS. OgHOYAaCHO HEOOXiIHO 3aCTOCOBYBATU KOHIUEMIIiI0 HEBU3HAYEHOCTI ISl OLiHIOBAaHHS
TOYHOCTiI BUMIipIOBaHb.

BaxuiuBuM acniekToM BUMIpIOBaHb € 3a0e3MeYeHHS! MPOCTEXYBAHOCTI, ake ONHUM i3 HalleeKTUBHILIUX CIOCODiB
BU3HAYEHHSI HEBM3HAYEHOCTI € OLliHKa TOYHOCTI 3aco0y. lle MOHATTS Bidirpae KJIOYOBY pOJib y IMpoliecax KajaiOpyBaHHS,
OLIiHIOBAHHS BiMOBIIHOCTI Ta MOBIpKM 3ac00iB BUMipIOBaHHS, a TAKOX € HEOOXiIHUM [JIs y4acTi B MiXKHaApOJHili TOPTiBIIi.
3aBasKM MPOCTEXKYBAHOCTI JOCSTAETbCS HaMiHICTh pe3yJbTaTiB BUMIipIOBaHb Yepe3 CTBOPEHHSI Oe3MepepBHOIO JIaHIIora
KajiopyBaHb.

Poboty cripssMoBaHO Ha BIOCKOHAJIEHHSI METOIIB, PO3POOKY 3ac00iB i CTBOPEHHSI HOPMATUBHO-IOKYMEHTAJILHOI 0a3u,
sKa 3a0e3neuye 3B’SI30K pOOOUMX 3acO0iB BUMIpIOBaHHS, 110 BUKOPHMCTOBYIOTHCS JJIS OOJIKY IPUPOMHOTO rasy, 3 Hallio-
HaJIbHUM JIepKaBHUM TMEPBMHHUM eTaJIOHOM. Po3po0jieHO JaHIIOr MPOCTEXYBAaHOCTI BUMIpIOBaHb Bill HalliOHaJbHOTO
MEePBUHHOTO €TajoHa ONWHUIL 00’eMy Ta 00’€MHOI BUTpaTH razy A0 pobovyux 3aco0iB BUMIpIOBaHb i3 HOPMOBAHUMU
3HAYeHHSIMU HEBM3HAUYEHOCTEN MO BCili iepapxil nepenaBaHHsl po3Mipy OJMHMIL BUTPATU ra3y. BrpoBakKeHO y METPOJIOTiYHY
MPakTUKy YKpaiHM HOPMATUBHiI JOKYMEHTH, IKi pErIaMEHTYIOTh METOIMKU TPOBEACHHS KajiOpyBaHHS IJisg 3a0e3Me4eHHs
MPOCTEXYBAHOCTI BUMIpIOBaHb. 3/IiliICHEHO TEOPETUYHI Ta €KCIePUMEHTAIbHI JOCTIIXKEHHS JiUUIbHUKIB IS BAKOPUCTAHHS
iX gK eTajoHiB nepenaBaHHs. OcoOJMBY yBary mpuiiJieHO cTabiJIbHOCTI, BiATBOPIOBAHOCTI pe3yJbTaTiB i aganTallii METOIiB
10 MIXKHApOJHUX CTaHAAPTIB.

KniouoBi cioBa: MeTpoJiorisi; MPOCTEXYBaHICTh; KajiOpyBaHHS; HEBU3HAUYEHICTb BUMIPIOBAHb; €TAJIOHU; OJWHUILIS
BUMIipIOBaHHSI.

References
1. Law of Ukraine “On metrology and metrological

mizhnarodnykh etaloniv [Components of the
quality system in ensuring the traceability

activity” dated June 5, 2014, No. 1314—VII (in
Ukrainian). Available at: https://zakon.rada.gov.
ua/laws/show/1314-18#Text

Seredyuk D.O. Udoskonalennia metodiv
ta prystroiv zabezpechennia otsiniuvannia
vidpovidnosti zasobiv dlia obliku pryrodnoho
hazu: diss. kand. tekhn. nauk [Improvement of
methods and devices for ensuring conformity
assessment of means for accounting for natural
gas: Cand. tech. sci. diss.]. Ivano-Frankivsk
National Technical University of Oil and Gas,
2012. 195 p. (in Ukrainian).

Lukasheva T., Postnikova V., Strilets V.
Skladovi systemy yakosti u zabezpechenni
prostezhuvanosti vymiriuvan v Ukraini do

of measurements in Ukraine to international
standards|. Metrology and Instruments, 2016,
no.5, pp. 7—10 (in Ukrainian). Available at:
http://nbuv.gov.ua/UJRN/mettpr 2016 5 6

ILAC P10:07/2020. ILAC Policy on Metrological
Traceability of Measurement Results. 11 p.

Montuori A. Systems Approach. Encyclopedia

of Creativity (Second Edition). 2011, pp. 414—

421. doi: https://doi.org/10.1016/B978-0-12-
375038-9.00212-0

OIML TC 4/N 5. ORGANISATION

INTERNATIONALE DE METROLOGIE

LEGALE. 2006. 17 p. Available at: https://
www.oiml.org/en/tc-sc-pg/committee-drafts/
files/tc4-d5-2cd.pdf

Ykpaiucokuii memponoeiunuii ucyprnan, 2025, Ne 1, 26-33 33



