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Abstract

Informative parameters for statistical estimation of operational error of SAMGAS, METRIX, PREMAGAS household
gas meters (HGM) are formulated. These are the values of the measured volume during the verification period of operation
and the experimentally determined error of the meter during operation at three normalized flow rates: minimum, maximum
and 20% of the maximum.

Six ranges of variation of the HGM error at the minimum flow rate were selected to form statistical samples of meters.
According to the proposed algorithm, the change in the weighted average HGM error for three normalized flow rates from
the measured volume is quantified, taking into account the number of HGMs and their error ranges. It is proposed to apply
the concept of generalized weighted average error of HGM, which reflects the operational error of HGMs during their
operation in the entire range of consumption when measuring gas volumes up to 60 thousand cubic meters.
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1. Introduction

Household gas meters (HGM) are the well-known
means of achieving rational and economical use of
natural gas by household consumers and small private
enterprises. They are characterized by appropriate
technical and metrological characteristics. Among
them, the most important for proper accounting is
the error of the HGM, which directly affects the
economical use of natural gas, as the growth of the
error causes its losses. At the same time, a positive one
causes an overpayment for its consumption (consumers
lose), and a negative one leads to an underpayment
for the consumed gas (gas supply organizations lose).

In real operating conditions of the HGM, the
actual error of natural gas metering is almost impossible
to determine, because it varies not only from operating
costs, from the mode of gas consumption, but from
many also operational factors, such as service life,
quality of construction, volume of measured gas
(intensity of operation), gas temperature and other
factors. The so study of operational metrological
characteristics of HGM is urgent task.

In the study of HGM it necessary to operate
with statistical information, to calculate average or
generalized indicators because the operation of HGM
there is always a scatter of their measurement results
due to the instability of metrological characteristics.
For example in [I] the accuracy of natural gas
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metering under real temperature conditions of HGM
operation is statistically investigated. The presence
of negative errors in the operation of meters at
negative temperatures is shown on the basis of the
results of experimental studies of G4 model HGM.
It established that the presence of an average minus
error at an average gas temperature of -10 °C causes a
gas metering error in Warsaw from -6.1% to -10.4%,
and in Zakopane from -2.7% to -1.8%, on which
affected by the average monthly gas temperature during
the year.

Polish scientists [2] also studied the effect long
duration of HGM operation under extreme operating
conditions at ambient temperatures of -25 °C, +20 °C,
+55 °C. The error of membrane meters after their 2000
hours of operation was determined. It is established
that there is a significantly greater impact of high
ambient temperatures compared to the impact of low
temperatures, which is ambiguous at different operating
consumption.

These publications do not study the change in
the metrological characteristics of HGMs under the
conditions of their statistical samples, which would
involve the analysis of a large number of meters and
the generalization of the patterns of change of the
HGM error curves.

We conducted studies of changes in HGM error
based on the results of their periodic calibration
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of meters after the end of the eight-year [3, 4].
Elaboration of the calibration results showed that there
is a significant change in the error of the HGM during
operation at the minimum operating consumption Q .,
there is an underestimation of natural gas. At the same
time, the change in the error at the maximum cost
and the cost is much smaller and practically does not
correlate with the change in the error at. Errors for
and mostly correspond to the allowable passport values.

We conducted studies of changes in HGM error
based the results of periodic calibration of meters
after the end of the eight-year [3, 4]. Elaboration
of the calibration results showed that there is a
significant change in the error of the HGM at the
minimum operating consumption Q ., there is an
underestimation of natural gas. At the same time, the
change in the error at the maximum consumption
0 .. and the consumption is much smaller 0.2 Q_
and practically does not correlate with the change in
the error at Q . . Errors for O and 0.2 Q_  mostly
correspond to the allowable passport values.

The results of statistical methods of analysis of
the change of HGM error, which corresponds to
the allowable limits of meter calibration, allowed to
metrological substantiate the new method of HGM
calibration. It provides a calculation method for
determining the error of the HGM for maximally work
gas consumption [5].

Along with this, an unexplored aspect is the study
of the influence of the value of the measured volume
of natural gas by household meters on the change in
the shape of the HGM error curve, their metrological
characteristics. This analysis characterizes the intensity
of operation of the HGM and can informatively serve
not only as a criterion for the efficiency of the HGM,
but also a factor in the quality of the design of the
HGM by different manufacturers. Therefore, the
operational characteristics of HGM must be evaluated
using statistical information that allows them to be
characterized for a certain way of formed samples of
meters.

Main part

Experimentally established values of HGM errors
[3] during operation at minimum consumption are
characterized by a significant range of error changes,
which can significantly exceed not only the allowable
passport values (+3%), but also the allowable operating
error (-6%). The real negative error in some HGM
can increase to -30... -40% and even more. However,
different ranges of error will correspond to specific
ranges of error change. Therefore, in the statistical
study of the metrological characteristics of HGM,
it is necessary to take into account the weights that
would take into account the number of HGM with
specific ranges of operational error. This justifies the
need for qualimetric estimation of HGM errors taking
into account their statistical samples.

The results of calibration in 2018 of the most
common in practical application models of HGM
size G4 in the conditions of SE “Ivano-Frankivskgas”
were selected for the study, among which productions
SAMGAS (Rivne) — 3244, METRIX (Poland) — 1478,
PREMAGAS (Slovakia) — 5483. The informative
parameter for the analysis is the error of the HGM
at the minimum consumption, which is most sensitive
to changes in the metrological characteristics of the
HGM, at which most household meters are not
calibrated.

The following ranges of obtained HGM errors at
this cost were selected for statistical analysis: 0...+3;
0...-3; -3...-6; -6...-9; -9...-15, -15...-30; HGM with
an error of more than -30%, including those in which
the reading device did not work were not taken into
account. The range of errors (-3...+3)% characterizes
the confirmation of the passport error of new HGM,
and its expansion to minus 6% makes it possible to
estimate the number of suitable for further operation
of HGM without repair. In addition, three more ranges
of HGM errors were formed, which in principle, in
our opinion, are subject to repair. Meters with an error
of more than minus 30% need major repairs, or it is
advisable to replace them with another.

The obtained research results (Fig. 1) are presented
by histograms of the distribution number of HGM (in
percent) with the corresponding formed for analysis
of operational errors of the HGM at the minimum
consumption of different manufacturers.

Regularities of change of operational error of
HGM, which characterize rather various regularities
of change of stability of metrological characteristics of
HGM at meters of manufacturers. The largest positive
error at minimum operating costs is characterized by
HGM model METRIX (35.2% of the total), which
is quite unexpected according to modern scientific
statements about the error of HGM at minimum
consumption. At the same time, a positive error at
these costs, but to a lesser extent, is typical for other
models — SAMGAS (22.9%), PREMAGAS (8.18%).

Predictable and experimentally confirmed is the
highest percentage of HGM with error (0...-3)%, the
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Fig. 1. Histograms of distribution operational error of the HGM
different manufacturers
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number of which is in the range of 25—43%. Along
with this, the number of PREMAGAS meters (47.05%)
with error (-3...-6)%, which are among the suitable
for further operation, is significant. It is also possible
to note a slightly larger number of SAMGAS meters
with more significant errors (-9...-15)% - 5.36% and
(-15...-30)% - 6.53% of the number of HGM.

At the same time, the histogram does not reflect
the effect on the error of the intensity of HGM
operation in the inter-calibration period, the value of
the measured gas volumes. Therefore, samples of meters
were formed for the volume of V" measured natural gas
for the inter-calibration period, which was selected with
an interval of 10 thousand m® to the maximum value
of the measured volume of 60 thousand m? Then,
within each sample, groups of meters were formed
with the following ranges of errors with a minimum
operating consumption: 0...+3; 0...-3; -3...-6; -6...-9;
-9...-15; -15...-30%. For example, SAMGAS HGM,
the number of meters with a measured volume of up to
10 thousand m?® according to the above six error ranges
was 339; 277; 316; 6; 52; 62 respectively. In addition,
for each group of meters, the arithmetic mean value
of the error S,. at consumption Q ., 02 Q ., O
and the average value of the measured gas volume
V. were calculated.

The weighted average error (WAE) § = at the
minimum operating cost Q . HGM for the i-th range
of the measured volume was calculated according to
the algorithm: ;

8, = ZSQ‘““,,/ (”ff /N, )’ (1

J=1

where SQW is the average value of the HGM error at
the minimum flow rate for the /-th volume range of
I !

the j-th error range N, =Y n,, V, = %ZVU (N, is the
number of meters for the il—th range ojf Ithe measured
volume, 17, is the average value of the measured
volume for i-th range, j — the number of the selected
range of HGM errors from the total — /).

Similar calculations for the other i-th ranges of the
measured volume allowed to obtain the dependences
of the change in the average error of the WAE on the
measured volume of gas (Fig. 2).
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The established regularities have shown that the
WAE in all studied models of HGM at minimal cost
increases with increasing volume of measured gas. In
all models of HGM, the error is negative and is in
the range from -1 to -6%, ie does not exceed - 6%.
PREMAGAS HGM are characterized by the smallest
quantitative increase of WAE (about 0.11%) per 10
thousand m?, they have the best stability of error
when increasing the measured volume. The increase
in negative error for SAMGAS and METRIX is slightly
larger and is about 0.45%, 0.21%, respectively.

The study of WAE at the maximum operating
cost for all these models of HGM showed that it is
in the range from - 0.8% to +0.3%, but the patterns
of its change with increasing measured volume are not
found, illustrating Fig. 2b.

Since the established patterns do not allow to
determine the change in operational error of the
HGM taking into account the entire range of work,
it is advisable to use a generalized indicator that
will characterize the full-range generalized WAE of
meter samples taking into account the error at three
consumption. To record the algorithm for determining
such WAE, we use the formula from the normative
document [6], which we use not for a single meter,
but for the statistical samples generated by us.

The specified algorithm for calculating the
generalized WAE takes the form:

8, =>.k38,., />k,, (2)
p=1 p=1

.y — WAE for the p operating flow of the
HGM, kp — weighting factor, which is defined as
k=0, [0 at 0070, and k,=14-(0,/0,..)
at 07 Qmax SQSQmalx'

Taking into account the range of operating costs
HGM 1: 150 and the three studied costs, formula (2)
will be written:

3, =0.0067(3,, )Q +02(3,,)

|||||

where &

+04(3,, )Qm -(3)

Using numerical data, which were the basis for
plotting graphs in Fig. 2, algorithm (3) allowed to build
a graph of the change of the generalized WAE from
the measured gas volume (Fig. 3).
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Fig. 2. lllustration of the change of WAE HGM for different measured volumes at operating costs Q_, (a), Q,, (b)
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Fig. 3. lllustration of the change of the generalized WAE for HGM of
different manufacturers at different measured volumes

The obtained data are ambiguous for different
types of household meters. There is a pattern of
reduction of the generalized WAE by about 0.07% per
10 thousand m?® of measured volume for SAMGAS
meters and about 0.14% for the PREMAGAS model
when measuring their total volume to 45 thousand m?.
At the same time, METRIX meters have the opposite
pattern and the negative error is reduced to almost zero
and the positive WAE is increased when measuring the
volume up to 45 thousand m?. An unexpected decrease
in the negative error and an increase in the positive
error of the HGM when accounting for natural gas
in the range of over 45 thousand m?. The authors do
not yet have a specific explanation for this. However,

it can be assumed that this is due to the operation
of the meters after repair, these data reflect the
results of verification after the second or subsequent
inter-calibration interval. This issue requires further
study for another sample of meters, including other
models and taking into account the duration of their
operation.

Conclusion

Regularities of change of WAE of HGM are
established, which give the chance to quantify change
of an error from the measured volume of gas at
functioning at three standardized for verification
expenses, and also to calculate change of the
generalized WAE of meter. It was found that the
change in the generalized WAE is smaller compared
to the change in the WAE of meters when measuring
the volume at minimum operating costs. The given
results of researches can be the basis for development
of methodical material on calculations of losses of
natural gas at its account by household meter. Requires
further experimental confirmation of the study of the
regularity of the change of the generalized WAE when
measuring the volume of more than 45 thousand m?® for
different models of HGM. The obtained results open
opportunities for quantitative assessment of the change
of the generalized WAE of household meters during
their operation, which may indirectly characterize the
losses of gas supply organizations.
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AnoTauis

Po3risiHyTo akTyallbHIiCTh CTATUCTUYHOIO OLIHIOBAaHHSI eKCIUIyaTaliiiHOi MTOXMOKY MoOyTOBUX JiuniabHuKiB rasy (ITJIIN)

3a pe3yabTaTaMM ITOBIpKU ITicJs BOCBMUPIYHOTO MiXKIOBipoYHOro mepiomy ekcrutyataiii. CopMyaboBaHO iHDOpPMATUBHI
napameTpu JUisl 3MiMCHEHHSI TaKol OLIHKM, SKMMU € 3HAY€HHSI BUMIpSIHOrO O0’€My BIIPOIOBX MiXITOBipOUHOTO TeEpioay
eKcIUTyaranii # eKCHepMMEHTAIbHOTO BM3HAUYEHHS MOXWOKM JIiYMJIbHUKA TPpU poOOOTI HA TPbOX HOPMOBAHUX BUTpATAX:
MiHIMaJIbHIM, MakcuManbHil i 20% Bim MaKCUMaJIbHOI.

Bubpano miicte mianazoHiB 3minu nmoxudku I[TJII' mpu po6oTi Ha MiHiIMaJIbHINA BUTpaTi, sIKi MEepeKpUBaIOTh Jiana3oH
moxu6ok Bix rwroc 3% o minyc 30%, i ¢hopMyBaHHSI CTATUCTUYHKMX BUOIPOK JIiumMiabHUKIB. [ToGymoBaHi ricrorpaMu po3-
noniny ekcrutyaraniiHoi moxuoku ITJIT pisHux BupooHukiB Tunopo3mMipy G4 moneneit SAMGAS, METRIX, PREMAGAS.

3a 3anmpornoOHOBAaHUM AJITOPUTMOM KiJIbKICHO OLIIHEHO 3MiHY 3BaXeHoi cepeaHboi moxubku [UJIT Bim BuUMiptoBaHOTO
00’eMy 11 TPbOX HOPMOBAHMUX POOOUMX BUTpAT JIYMJIBHUKIB 3 ypaxyBaHHSM KinbkocTi ITJII' i ix miama3oHiB MOXMOOK.
3anpornoHOBaHO 3aCTOCYBaHHSI TMOHATTS y3araJdbHEHOI 3BaxkeHOi cepemHboi moxubku [1JIIT, ska BimoOpaxkae excrurya-
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TamiitHi MeTposoriuni BaactuBocTi [1JII mpm ix poGoTi y BcboMy [iarma3oHi BUTpaT NpU BUMIipIOBaHHI 00’€MiB Tasy 10
60 tuc. xy6.Mm. Ll moxubka mMoxke OyTM 00’€KTUBHHMM KPHUTEPiEM JJIST OIiIHKM BTpAT Ta30IlOCTaYaJIbHUX OpraHi3alliii mpu
00J1iKy NpupoaHOro raszy. BMKOHaHO KuUIbKiCHUI MOPIiBHSIJIBHUI aHaJli3 MPOBENEHUX pe3yJbTarTiB aociimkeHHs mis [T
BKAa3aHOTO TUITOPO3Mipy i Mozeneil. BcTaHOBIEHO 3aKOHOMIpHICTh 3MEHIIEHHs y3arajibHeHol moxuoku 6im3bko 0,07% Ha
10 Trc. Ky0. M BUMIipsiHOTO 00’eMy s TiunmiabHUKIB SAMGAS i 6imspko 0,14% — PREMAGAS npu BUMiploBaHHI HUMH
00’emy 5o 45 tHC. Ky0. M.

Kimouosi cioBa: moOyToBuii TUMIBHUK ra3y; MOXMOKa; BUTpaTa; METPOJIOTIUHI TOCIIKEHHSI; CTATUCTUYHI OLIiHIOBAaHHS;
3BaKeHa CepelHsl MoXuoOKa.
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AHHOTAIMSA

CohopmynupoBaHbl MHGOPMATUBHBIE TapaMeTphbl Ui CTAaTUCTUYECKOW OIEHKU SKCIUTyaTallMOHHOW ITOTPEITHOCTH
OBITOBBIX cyeTuynKOB raza moxeieit SAMGAS, METRIX, PREMAGAS. BT1o 3HaueHMs U3MEPSIEeMOTo oObeMa B TeUeHUE
MEXIIOBEPOYHOTO Teproja IKCIUTyaTallui M SKCIePUMEHTAJIbHO OIpeleieHHas] MOrPelrHOCTh cYeTIYMKa Ipu paboTe Ha
TPeX HOPMUPOBAHHBIX PACXOaX: MUHUMAJIbHOM, MakCUMalbHOM 1 20% OT MaKCHMAJIBHOTO.

Bribpano mectp auana3zoHoB u3MeHeHus morperntHoctu [1JII Ha MUHUMabHOM pacxone, sl GOPMUPOBAaHUS CTa-
TUCTUYECKUX BBIOOPOK cueTuyuMkoB. [lo mpenioxkeHHOMY alropuTMy KOJWYECTBEHHO OLIEHEHO M3MEHEHUE B3BELIEHHOM
cpenHeit norpewmHoctu [JIIN mist Tpex HOPMUPOBAHHBIX 3aTpaT OT U3MepsieMoro odbwema ¢ yyetom kosmuectBa [T u ux
Mara3oHoB omnooK. IIpemioxkeHo puMeHeHWe TTOHSTUSI 0000IIEHHOM B3BellleHHOM cpenHei morpemHoctu [T, koTo-
past orpaxkaer sKcrutyatanronHyto ommoky [IJIT mpu ux paboTe Bo BceM AMama3oHe PacXoioB MPU M3MEPEeHUU OOBEMOB
raza 10 60 Teic. KyD. M. YCTaHOBJIEHA 3aKOHOMEPHOCTb YMEHbIICHUS] 00O0OLIECHHOI B3BELICHHOW CpelHEed MOrpelrHOCTH
okosio 0,07% nHa 10 Thic. Ky6. M M3MepeHHOro obobema st cueTunkoB SAMGAS u okono 0,14% — PREMAGAS npu
U3MEPEHUU UMU oObema 10 45 ThIC. KyO. M.

KiioueBbie ciioBa: OBITOBOI CUETYMK rasa; MOTPEIIHOCTh, PACcXO; METPOJIOIMUECKNEe MCCAeIOBaHMUs; CTaTUCTUUECKIE
OLICHKM; B3BEIIIEHHAsl CPEIHSIsSI OIIMOKa.
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