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Abstract

The main error of rotary gas meters may change during their operation because of mechanical wear of the meter
moving parts. Control of changes in metrological characteristics of meters is carried out during periodic metrological
verifications. In this paper, an investigation of the change in a main error of rotary gas meters during their operation
was carried out based on the results of their metrological verification. The paper considers the results of periodic
metrological verifications of rotary gas meters in the laboratories of four gas distribution companies. According to the
results of processing the metrological verification protocols, the correlation of the rotary gas meter error with the
measured gas volume was confirmed. Based on processing the set of meter error values and the measured gas volume
for each of the checked flowrate values, regression dependencies of the error of the meter on the measured gas
volume were developed. By averaging the obtained regression dependencies, a generalized dependence of the
systematic error of RG-250 rotary gas meter on the measured gas volume was developed. The regression
dependencies make it possible to estimate the change in the main error of RG-250 gas meters according to its
measured volume and to decide on their additional (out-of-plan) metrological verification. This makes it possible to
detect in time gas meters operating with a significant systematic error, and therefore to eliminate this error.
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1. Definition of the problem to be solved

Systematic errors in gas volume measurement are the significant reason for gas volume imbalance in gas
transportation and gas distribution networks. Therefore, determining and reducing the systematic errors in gas volume
measurement is one of the necessary conditions for reducing the gas volume imbalance [1]-[3].

According to the results obtained by the authors in [1], [2], additional errors that may occur during the operation
of industrial gas meters are highlighted:

oy _p is the additional error of gas volume measurement under operating conditions caused by the deviation of
the working gas pressure from the fluid pressure during the calibration (metrological verification) of the gas meter;

oy r is the additional error of gas volume measurement under operating conditions caused by the deviation of
the working gas temperature from the fluid temperature during the calibration of the gas meter;

Owp_air 1S the additional error of gas volume measurement under operating conditions caused by a change in the
calibration characteristic of the gas meter obtained in the air during its use for natural gas volume measurement;

oy ap 1S the additional error of gas volume measurement under operating conditions caused by meter pollution
and the corresponding change in the pressure drop on the gas meter;
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oy, » 18 the additional error of gas volume measurement under operating conditions caused by improper
installation of the meter and mechanical stresses in the meter's constructive elements;

oy 1 1S the additional error of gas volume measurement under operating conditions caused by the reduction of
straight sections of measuring pipe upstream and downstream of the meter and the distortion of the flow kinematic
structure upstream of the meter;

oy, v 18 the additional error caused by the wearing of the tachometric gas meter mechanism during its operation.

The additional errors in gas volume measurement that occur during the operation of industrial gas meters can
have the most significant systematic effects [1]-[3]. Therefore, the task of this work is to investigate the change in the
main error of rotary gas meters, which can also be considered as an additional error caused by the wearing of the
mechanism of the rotary gas meter during its operation.

2. Analysis of the recent publications and research works on the problem

Additional errors in gas flowrate and volume metering devices have a direct impact on forming unaccounted gas
volumes and gas volume imbalances [2]. Particularly, the research [2]-[4] shows that gas metering devices that
operate for a long time in gas transportation or gas distribution networks can have systematic errors that lead to
unaccounted gas volumes.

The main error of the gas meter is determined during its calibration and metrological verification, for which
appropriate procedures have been developed [5]. The limits of the permissible main error are determined by the
relevant regulatory documents, particularly for rotary gas meters by DSTU EN 12480:2019 [7]. However, even if the
meter main error is within the limits defined by relevant documents, in particular [7], it may contain unexcluded
systematic components. It is especially important to consider such unexcluded systematic errors when using gas
metering systems in conditions of wide gas flowrate changes, which leads to the operation of gas meters in the range
from minimum to transient flowrate [6].

In [9], an analysis of the main error of RG-100 rotary gas meters was carried out and it was confirmed that their
main error is correlated with the measured gas volume. However, to consider these correlations when using gas
meters as part of modern automated measurement systems based on microprocessor gas volume correctors, it is
necessary to investigate such correlations for meters of other types.

3. Formulation of the goal of the paper

Therefore, the aim of this research is to carry out a statistical processing of the results of metrological
verification of RG-250 rotary gas meters, based on which it is possible to determine the correlation between the
change in the main error of these meters and the measured gas volume. If the correlation relationship is confirmed,
the authors should develop regression dependencies of the gas meters' main error on the measured gas volume.

4. Investigation of changes in the main error of gas volume measurement under operating conditions
caused by wearing the mechanism of rotary industrial gas meters

During the operation of gas meters, their metrological characteristics change because of many factors such as
mechanical wearing of moving parts, pollution of the meter internal surfaces, and changes in the characteristics of
lubricating materials. Control of changes in metrological characteristics of gas meters is carried out during periodic
metrological verifications.

Metrological verification of industrial gas meters, in particular rotary gas meters, is carried out according to the
requirements of DSTU 9034:2020 [8] and operational documentation. According to the operational documents, rotary
gas meters are cleaned of dirt, washed and blown with air before the verification. Despite this, metrological
verification shows that the metrological characteristics of some gas meters do not meet the requirements of DSTU
9034:2020. For example, the meter main error exceeds the permissible value. That is, the gas meter works for a
certain part of the inter-verification interval (the interval between metrological verifications) in the mode of
metrological failure and thus causes unaccounted gas losses [1], [9].

Determining the change in the main error of gas volume measurement under operating conditions caused by
wearing the mechanism of tachometric industrial gas meters is based on the results of experimental studies of the
metrological characteristics of industrial gas meters. Experimental studies were carried out as part of periodic
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metrological verification of industrial meters, which were carried out in gas supply enterprises. The authors
developed a form of protocol for collecting data on the verification results and the gas volume values measured by the
gas meters.

As mentioned above, periodic metrological verification of gas meters is carried out for meters that were
preliminary prepared i.e., cleaned of dirt and dust and their internal surfaces were washed. That is, a clean meter is
checked on a test unit under conditions close to normal during a periodic verification [8]. Therefore, according to the
results of periodic metrological verification, it is possible to determine the change in the main error of the gas meter
because of wearing-out of the mechanism of the industrial gas meter. At the same time, the change in the main error
can be considered as an additional systematic error of the gas meter because of wearing-out of the tachometric meter
mechanism.

The processing of the results of the periodic metrological verification of industrial gas meters confirms the
additional systematic error in gas volume measurement by meters. The value of this negative error depends on the
measurement principle of a specific device (rotor, turbine), the quality of the device, and operating conditions.

The authors carried out the statistical processing of data on periodic metrological verification of industrial gas
meters obtained in the laboratories of gas distribution enterprises. Based on the results, we have determined the value
of the additional error caused by wearing the rotary meter mechanism and the dependence of this error on the gas
volume measured by the meter.

The gas volume measured by the meter characterizes the intensity of its operation and, accordingly, the degree of
mechanical wear of its parts and the degree of the meter pollution. In addition, the total volume of gas measured by
the meter for a certain period is a parameter that is determined by each operating meter and is stored in the archive of
the corrector and does not require improvement of the existing flowrate and volume measurement systems.

The database on metrological verification of gas meters includes the protocols of meter verification at testing
facilities in the laboratories of PJSC "Mykolaivgaz", "Dnipropetrovskgaz”, “"Zhytomyrgaz", "Khmelnytskygaz". In
this way, a database of protocols for industrial gas meter verification (545 protocols) obtained in the laboratories of
four gas distribution organizations was formed. The results of the metrological verification of meters are sorted by the
types and sizes of meters.

At the first stage of processing the database of protocols, filtering was applied: protocols were excluded from the
database, for which the value of the flowrate measurement error indicates a complete metrological failure of the meter,
i.e. exceeds the permissible value by 10-100%. Based on the filtered base for each of the checked flowrate values Quin,
0.2Qmaxs 0.5Qmax, Qmax, @ Set D = { ,} of meter error values determined at the facility and a set V = {V} of the measured
volume values before the meter verification was obtained. Particularly, for RG-250, RG-K-250 rotary gas meters, a set
of error values for each i-th flowrate value (i=1,2,3,4) and, accordingly, a set of the measured volume values contains 54
values (j=1,2,3 ... 54). The sets of pairs (V;, 8;) formed for each i-th flowrate are presented in Fig.1.

One can see from Fig.1, the set of points (V;, ;) obtained for each checked flowrate value indicates a probable
relationship between the meter main error and the gas volume V calculated by this meter. The form of the correlation can
be approximately determined by averaging the error value d; at individual intervals of volume change. In this paper, the
averaging of the error &; in five sub-ranges (m=5) of the calculated volume is carried out (see Fig.1). Location of the
averaged error points indicates that the dependence 5=f(V) is close to linear y=ax+b for the flowrates Qmin, 0.2Qmax
0.5Qmax. TO quantify the correlation between the averaged values of the error & (k=1... m) and the averaged values of
the measured volume V,, the correlation coefficient r; was calculated for each of the checked flowrate.

The authors have used a well-known dependence [10] to calculate the correlation coefficient r; of the error and
the measured volume:

S-D0e-5) G5 -7)
ri: k=1 — k=1 , (1)
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where x, y are the sets of correlated values, which are identical tox=6,y=V; X,y are the mean values of the set x
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and y; Sy, Sy are the mean square deviations of values x and y, respectively; d; is the error of the meters determined for
the i-th value of the flowrate averaged over the k-th sub-range of the volume change; &; is the mean value of errors

S, obtained for i-th checked flowrate, &, = de /'m; Vy is the mean value of gas volume in k-th sub-range; V is the
k=1

m
mean value of gas volume Vi, V = >V, /m.
k=1
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Fig.1. Analysis of the dependence of the error of RG-250, RG-K-250 rotary gas meters on the measured volume (readings) before
metrological verification:
a) at the flowrate Qnay; b) at a flowrate 0.5Qay; €) at a flowrate of 0.2Qax; d) at the flowrate Qpin;
o — data according to the meter verification protocol, ® — average error value, [ 1 —regression line.

The calculated values of the correlation coefficients are shown in Table 1. One can see from Table 1 that the
correlation between the error §and the volume V exists for all checked values of the flowrate, although for the flow
Qmax the value of the correlation coefficient is much less by the modulus than 1 (see Table 1). However, this does not
mean that there is no relationship between the meter error 5and the measured volume V for these flowrates. A larger
set of errors and volume values should be collected to determine this dependence. We should also note here that the
correlation coefficient is a measure of the linear relationship between values [10].



140 Fedir Matiko, Oleh Pistun

Table 1. Statistical characteristics of the dependence of the main error of RG-250, RG-K-250 gas meters
on the measured volume.

Correlation coefficient of Mean square deviation of the Mean square deviation of the
i Flowrate averaged error and volume, averaged values J, error &,
ri o5 % o5 %
1 Qmax -0.276 0.20 0.44
2 0.5 Qmax -0.842 0.29 0.38
3 0.2 Qmax -0.601 0.03 0.29
4 Qnmin -0.783 0.15 0.43

Based on processing a set of points (Vj, ;) for each of the checked flowrate, a regression dependence of the gas
meter error on the measured volume for each flowrate is proposed:

& =-1.931-10°V + 0.097, for Qma; (2)
8 = -8.309-10°-V + 0.2192, for 0.5 Qpay @)
8 = -0.407-105.V —0.4592, for 0.2 Quay; “)
& = -1.875-10°-V —1.2268, for Quin, (5)

where V = v/Quom, V is the measured volume, m®, Quom is the nominal flowrate for the corresponding gas meter
(Qnom = 250 m¥h).

The coefficients of equations (2)—(5) are obtained by the method of least squares. The dependencies (2)—(5) are
presented graphically in Fig.2. As can be seen from equations (2)—(5), the regression dependencies obtained by the
method of least squares have negative coefficients a;, which shows an increase in the modulus of the negative error
with an increase in the gas volume measured by the meter for all four checked flowrates (Qmin, 0.2Qmax, 0.5Qmax:
Qmax)- That is, the rotary gas meter of the considered type after measuring some volume can have a negative error in
the whole measuring range of gas flowrate. To characterize the change in the main error of the gas meter not for a
certain flowrate, but for the whole range of metering device, the general dependence of the error on the measured
volume was obtained by averaging the dependencies for the four checked flowrate values.

Averaging is performed based on weighting factors, the values of which correspond to the relative values of the
flowrate. The weighting factor is equal to 1 for flowrate Qpax, 0.5 for flowrate 0.5 Qpax , 0.2 for flowrate 0.2 Qpax, and
the average ratio Qpin/Qmax for the analyzed set of gas meters for flowrate Qni,. Thus, the average dependence of the
error of gas meters RG-250 on the measured volume will look like:

S=AV+B, (6)

4 4 4 4
where A= Z(ki -a) Zki , B= Z(ki -b) Zki ; a; b; are the coefficients of the regression equation for the i-th

i=1 i=1 i=1 i=1
flowrate; k; are the weighting factors, k={Kmin, 0.2, 0.5, 1.0}.

The value of the ki, is determined for the investigated set of gas meters based on the values of the minimum

flowrate:
N

ZQmin.j /Qmax.j

Ky = Ao S =0.0877, @

where V is the relative measured volume, V = v/Qyom
So, the average dependence for gas meters RG-250, RG-K-250 is as follows:
5=-3.5414-10"-V + 0.004. (8)

Regression dependencies of the error of rotary gas meters RG-250, RG-K-250 on the measured volume for the
specified values of flowrate and the averaged dependence (8) are presented in Fig.2.

Figure 2,a and formula (8) show that the average dependence of the error of gas meter RG-250, RG-K-250 on the
measured volume has a negative coefficient a,= —3.5414-10° %. That is, the non-excluded systematic error of these meters
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has a constant component donst = b; = 0.004 % and progressive component Gyrogr = (-3.5414-10°-V) %. The value of the
progressive component depends on the intensity of the meter's operation, namely on the value of the measured volume.
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Fig.2. Dependencies of the error of gas meter RG-250, RG-K-250:
a) on the measured gas volume; b) on the conventional operating time of gas meter.

The obtained dependencies of gas meter error on the measured gas volume make it possible to estimate the
main error of the meter based on the measured volume and, accordingly, to decide on its additional (out-of-plan)
verification. To estimate the time interval during which the main error of the gas meter can reach the limit value, the
calculation of the meter error was carried out according to dependencies (2)—(5) for the conventional operating time
of the meter. Here, we consider the nominal operating time T, of meter is the time of operation at nominal flowrate.
That is, 1 hour of conventional time for RG-250, RG-K-250 is equal to 250 m* of the measured gas volume,
respectively, 1 conventional day is equal to 6000 m? of the measured gas volume.

Let us estimate from Figure 2,b the conventional time during which the error of RG-250 rotary meters,
calculated according to dependencies (2)—(5), reaches the limit value determined by DSTU EN 12480:2019 [6].
According to [7], the limits of the maximum permissible error for rotary gas meters with accuracy class 1.0 equals to:

+ 2.0 % for flowrate from the range Qmin <Q < Q:;
+ 1.0 % for flowrate from the range Q; < Q < Qnax-

)

As can be seen from Figure 2, the change in the meter error at the flowrate of 0.5Qnay is the most critical since
the progressive error for this flowrate &, = (-8.309-10°-V) is the highest. However, during the 400 conventional days
(time of operation at the nominal flowrate), the error for the flowrate of 0.5Qa reaches —0.6%, which is less than the
limit value of +£1.0%.

The comparison of the research results presented in this paper and in [9] show that both the constant and
progressive errors for RG-250 meters are significantly less than these errors for RG-100 meter. That is, the change in
the main error during the operation of RG-250, RG-K-250 meters is not as significant as for RG-100.

In particular, the main error does not go beyond the limits defined in [7] during the 1 conventional year of gas
meter operating. However, within 200 conventional days, the error for all flowrates becomes negative, i.e., even when
operating in the whole flowrate range, RG-250, RG-K-250 gas meters can undercount a certain amount of gas, which
can also be the reason for their additional (out-of-plan) metrological verification.

5. Conclusion
The following conclusions are made based on the research results:

1) The main error of the rotary gas meter and the measured volume are correlated values. The significance of the
correlation coefficients for the checked flowrate 0.5Qmax, 0.2Qmaxs Qmin Was confirmed. To confirm the
correlation for all flowrate values, it is necessary to increase the set size of gas meter verification results.
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However, it should be noted that research results represent the properties of a separate group of gas meters for
which the results of the metrological verification were obtained.

2) Based on the processing of the experimental data obtained by metrological verification of RG-250 rotary meters,
a regression dependence of the gas meter error on the measured volume was obtained for each of the checked
flowrates. It was established that these gas meters have a systematic error with a negative sign that cannot be
excluded, which has constant and progressive components.

3) The obtained regression dependencies of the meter error on the measured volume of gas make it possible to
evaluate the change in the main error of RG-250 gas meters based on its measured volume and, accordingly, to
decide on its additional (out-of-plan) metrological verification. This makes it possible to select gas meters that work
with a significant systematic error, and therefore to eliminate this error and reduce the unaccounted gas volume.
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JocaigxeHHss 3MiHA OCHOBHOI MOXUOKHM POTOPHUX JIYHJIBLHUKIB ra3zy
miJx 9ac ix ekcniyarauii

®enip Mariko, Omner Ilictyn

Hayionanvnuii ynisepcumem «JIvgiécovra nonimexuixay, ¢yn C. Bandepu 12, Jivsie, 19013, Vkpaina

AHoTauisa

VY mit poGOTI BUKOHAHO TOCIKEHHS 3MiHA OCHOBHOI IIOXHUOKH POTOPHUX JIYIIHHUKIB T[] Yac X eKCITyaTarlii Ha
OCHOBI OIIPAIFOBAHHS PE3YIBTATIB iX METPOJIOTiYHOI MepeBipKU. PO3rsiHyTO pe3ynpTaTi MepioAndHOi METPOIOTITHOI
MIEPEBIPKHA POTOPHUX JIUMIBHHKIB Ta3y y Ja00paTopisx YOTHPHOX Ta30pO3MOALUTHHIX MiANPHEMCTB. 3a pe3ylnbTaTaMu
OTIPAIFOBAHHS POTOKOIIIB METPOJIOTTIHOI ITEPEBIPKHU MiATBEPKEHO KOPEJIALII0 IIOXUOKH POTOPHOT O JTIUMIBHIKA a3y 3
BUMIpSHIM 00’eMoM Tra3y. Ha ocHOBI ompaIfoBaHHS MHOXHHU 3HAYECHb MOXHUOKU JIYMIBHUKA Ta BUMIPSTHOTO 00’ €My
ra3y Uis KOXHOTO 13 TIIEpeBIpIOBAaHMX 3HAYE€Hb BHTPATH MOOYZOBAaHO pErpeciiiHi  3aJIKHOCTI MOXHOKU
CepeAHBPOCTATUCTUYHOTO JIYMIFHUKA BiJ BUMIpSHOTO0 00 eMy rasy. LIImsxom ycepemHeHHsS OTPUMAaHUX perpeciiiHux
3aJI©KHOCTEH OTPHMAHO y3araJbHEHY 3aJICKHICTh CHCTEMATHIHOI IMOXMOKH POTOPHOTO JHYMIBHUKA Ta3y THIIOPO3MIPY
PI'-250 Bix BuMmipstHOTO 00’ €My Ta3zy. OTpuMaHi perpeciiiai 3aJIe)KHOCTI JaF0Th MOXIIMBICTh OLIHUTH 3MiHY OCHOBHOL
MMOXUOKH JYMIBHUKIB TUIIOpo3Mipy PI-250 3a Horo BuUMipsHUM 00’€MOM i, BiATIOBITHO, MPUUHATH PIllICHHS IIPO
BHKOHAaHHS X I103a4epProBOi METPOJOTiYHOI mepeBipkd. lle mae 3MOry CBO€YaCHO BWSIBIIATH JIYMIBHUKH, SIKi
MIPAIIOIOTH i3 3HAYHOI0 CUCTEMATHYHOIO TTOXHOKOI0, a OTKE M YCYBATH IIF0 TOXHOKY.

KiarouoBi cioBa: poTopHHU NTIYMIBHHK Ta3y; OCHOBHA ITIOXHOKA, METPOJIOTIYHA IepeBipKa; 00’eM ras3y;
KOE(IIiEHT KOPEJIAIii.



