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STUDY OF APPOINTMENT CALIBRATION INTERVALS FOR THE WATER METER
DEPENDING ON THEIR OPERATION

The article analyzes the recalibration interval appointment procedures for cold water meters
KB-1,5. It was found that generally in the appointment of this period are guided only by the results of
bench tests, it means that this case does not take into account indicators of metrological reliability and
the average operation time measuring means in the real world. Recommendations for further
recalibration interval, based on the results of experimental studies and supported by appropriate
calculations.
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Formulation of the problem. Calibration interval is called a calendar period of time, after
which the means of measurement need to send verification regardless of its technical condition [1].
Calibration interval for the measuring instruments in accordance with existing procedures adopted by
the State Standard of Ukraine to the type approval of measuring the results of the tests, along with the
results of the tests may be used as the recommendations contained in the specifications and technical
documentation for this type of measurement tool (specifications, technical description and passport). If
the calibration interval is intended only for the test results, in this case captured metrological reliability
indices and average time of operation measuring tools in normal conditions. Today, in connection with
the housing reform has increased dramatically the volume of production of water meters and the cost
of the respective control operations (calibration), so quite sharply raises the question of the validity of
the appointment of the current practice inter-verification interval for such meters.

Analysis of recent research. This problem is analyzed on the example of the appointment
calibration period for cold water meter type KB-1,5. It is known that these meters calibration interval
is 3 years. Their passport is given the dependence of average relative error 0 time of operation:

0=(1,80+0,17-1)%, (1)
where ¢ — operation in thousands of hours.

This limit is set equal to the maximum permissible error £3,5%. If the error count is beyond
these limits, it is removed from service. However, the application of the linear model, depending on
the time of the error, the period of validity of the metrological device is from 1,5 to 2 years, which is
consistent with the bad calibration intervals equal to 3 years. To the average time of the metrological
refusal to agree with the value of calibration period, it is necessary that in equation (1) the rate of
change of error 0 value does not exceed 0,03 %+thousand hours at a positive value and the initial error
0,1 %+thousand hours - in the negative.

Formation of research objectives. These estimates are conditional, because according to (1)
the unknown costs when employing water meters. Technical documentation is usually specified only
approved expenses, which are water meters for KB-1,5 orifice diameter of 15 mm should not exceed
0,375 m’/h. A more correct for the right producer and user ratings calibration period is the use of error
depending on the values of the measured meter of the water that passes through it, because in this case
it is possible to consider modes of consumption at which the meter operates. Thus, the question arises
as estimates and values given in equation (1), consistent with the criteria metrological reliability of
measurement.

Presenting main material. At the same time, the use of these methods to assign calibration
period requires statistical tests metrological characteristics of measuring instruments, and their
treatment is associated with methodological and mathematical problems that are often not satisfied
manufacturers of meters and employees of the metrological services. Currently one of the main
normative documents regulating the procedure for establishing and adjusting the calibration period,
GOST 8.565-99 is [2], which states that the materials developers of measuring instruments submitted
for testing for type approval purposes often no reliable about their instability, that is to change the
error for a specified length of time necessary for a reasonable purpose of initial calibration period. In
these cases it is possible to use approximate estimates normalized values of reliability indicators
specified in the technical documentation on the counter. On the basis of GOST developed a method
[3], which are ways appointment calibration period based on the normalization of various indicators of
reliability, in including the normalization of the probability of failure of means of measurements, the
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average time between the time metrological refusal, performance reliability components elements.
Evaluation determining calibration period should be based on the methods of reliability theory, this
approach is as follows:

- probability measuring means P(), ie the probability that during time # normalized metrological
characteristics of error means go out on a regulated limits;

- failure rate A(¢), he probability that the measuring device, having worked flawlessly during the
time ¢ refuse the next time interval A¢, is A(¢)-At;

- uptime average time (time between metrological refusal) 7,

These indicators are linked following equation:

—jk(r)dt’

P(t)=e® , 2)
with:
1 dP(¢)
M) =———. .
® P() dt )
T, = TP(t)dt : 4

Metrological failure can be gradual and sudden, while phasing associated with wear and tear,
aging elements measuring tool in the gradual release of error the permissible limits, while rejection is
caused by a sudden accidental error or failure of any which means measuring element. The peculiarity
of sudden failures have sustainability over time their intensity:

Mt)=A=const . )
If the phase-out rate of change of error is not enough, we can assume that the condition (5)

holds for these failures with high accuracy. In this case, between the failure rate 4 and best practices on
metrological refusal 7, exists following link:

A=—-. (6)
Substituting permissible value of the probability P(f) obtained the results of tests for the
duration of the calibration period z.; with (6) takes the form:

t,=T, -nP{t). 7
Since the counter almost never work continuously, then (7) should be adjusted using a
coefficient k;, equal to the ratio that the duration of use of means of measurement in hours for the

duration of one year (8760 h). Given this formula for assessing the maximum duration 7; calibration
period takes the form:

I, =T, - InP(), (8)
where working means of measurement in measurement mode is defined as 7),,
TJH
T, = % )

From formulas (8) and (9) shows that the definition of calibration period at a given probability
of failure-free operation is primarily determined by parameters such as time between metrology and
refuse to use the coefficient measurements. For water meters KB-1,5 mean time to failure is 100,000 h,
ie 11.4 years. As for the utilization of £, then the water meter any type of assessment of its value
requires research, because after the installation of the meter in the pipeline it is in Standby inclusion,
but in the absence of technological flow meters for the measurement mode is not non-stop.

To understand the dependence of the probability of failure of water meters on their utilization
rate calculation was made according to the formula (2) results are presented in Fig. 1. It appears that
for the time water meters for about 10,000 h probability close to unity (0,95...0,99) and almost
unchanged compared with the start of operation and is independent of the utilization of means of
measurement. When the coefficient of £=0,66 for 3 years life (35,040 h), the probability of changing
from one to 0,8, and for 6 years (52,560 h) — 0,7 (see the curve 2 in Fig. 1). This change in the
coefficient of 10 ... 11 times (ie the order of magnitude) leads to a change in the probability of 6 years
of operation only 1,4 times. This means that the variation in the assessment of the utilization rate of
10% leads to errors in assessing the probability of around 4% and the selected level of accuracy (three
decimal places) does not affect the assessment value calibration period. The results of this assessment
are presented in Fig. 1.
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Assessing calibration period for determining the normalized intensity of failures A, metrology,
metrological allowable probability of failure ¢ for domestic counter should not be more than 0,3. The
calculation of the formula (8) on the basis of the formula (6) and that the probability P and ¢ related to
the ratio P=1—¢, for 7,=100 000 h and k=0,66 i 1,00 leads to value 7.~6 (6,17) years and 4 (4,07)
years, respectively.
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Fig. 1. The dependence of the probability of failure of water meters on the time of use (thousands of
hours) in metrological practices 7,=102 000 h and various utilization rate (curve 1 — k&=0,06 (normal),
curve 2 — k=0,66 (meter work 18 hours a day), curve 3 — k=1,00 (counter clockwork))

In most cases, to assess the impact of failures on the meteorological characteristics of a
measurement error using a linear model, which assumes that the error dependence on time can be
written as:

o(t)=c,+a-t, (10)
where oy — the initial meter error; a — the rate of change of error is constant for each measurement,
which varies randomly; ¢ — meter operation.

Note that the model (10) describes the systematic error component meter. An example of the
linear model error related to water meters, a formula (1). Practical experience shows that these means
of measuring the deviation from the linear model error occurs only at the final stage of the operation,
which averages a fraction of the total time use. So, we can assume that the linear model (10)
adequately describes the behavior of water meters, depending errors from time to time. Introduce the
assumption that the function d(¢) is a non-stationary normal process with a density of probability
distribution:

{8()-m,}’

1 Y
¢[5 (1)] JanD, e : (11)
where m, — expectation function (10), which is defined as:
m, =ms, +1-m,, (12)
D, — variance, which is calculated by the formula:
D,=D,,+t-D,. (13)

In turn mys and m, — primary expectation error and rate of change of error, D5 and D, —
dispersion of these values. Formulas (12) and (13) are valid only if the value of d, and a statistically
independent. Next possible to calculate the probability P,(f) of vehicle uptime metrological
measurement corresponds to the probability of the inequality:

-6,<8(1)<9,, (14)
that

P (1)=P{-5,<5(t)<8,} = _f(p[é(t)]dt, (15)

P
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where J, — symmetrical tolerance limit errors. For water meters KB-1,5 value 6,=3,5%.
The result is a relationship:

8+m

) O( 9}, (16)
J_ /D,

2 du — Laplace function; C — normalizing factor, determined from the

P.(t)=C- {cp(

where ®(Z) = \/_ I
condition that the initial tlme (at =0) probability equal to unity, and the initial meter error satisfies the
condition:

—SPS?S(Z‘)SSP. (17)
This means that:

S +m, -5 +m,
C=1/0(-= )—O(—= ). (18)

JD, JD,

In the above formulas, including (8) for the purpose calibration period, depending on the studied
variables appear occasionally. Methods of verification of water meters [4] recommends this procedure
for the following values of: 0,=1,50 rn3/h; 0~0,12 m’/h and Omin=0,03 m’/h (nominal, transient and
minimal costs respectively). Measurement error analysis of water during initial verification conducted
100 water meters for KB-1,5 showed that the cost of these error counters are characterized by different
standard deviations, so in this case we have to deal with asymmetric measurements. This raises the
problem of the weighting coefficients p, necessary to calculate the statistical characteristics of
measurement. In the case of symmetrical measuring the weights are set inversely proportional to the
variance measurement results in an appropriate range and are determined using the following formula:

Az(Q)
Az(Ql)

where S(Q;) — assessment standard deviation obtalned for the i-th costs. At the initial verification of
water meters KB-1,5 received the following assessment of the average quadratic deviation (in
percent):

; (19)

$(0,)=0,56;
§(0,)=0,65; (20)
S(Qin) =1,56.

With these values the formula (19) the values of weighting coefficients presented in Table 1,

here ipl =1.
i=1

Hence, methods of verification, in terms of the discussed aspect cannot be universal and should
be developed for each type of meters apart based on their design and metrological characteristics. As
mentioned weighting coefficients are known, it is now possible for the formula (21), (22) to calculate
average values and the corresponding mean-square deviation for water meters KB-1,5 [5].

Zpi "m
m(Q) = =5——, 21

z P
i1

z P; '(mi - m(Q))2
S = | = 3 : (22)
2 (z pi)z

As aresult, the following values:
- average costs 0=0,85 m’/h;
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- the average relative error of the primary calibration (initial error) d,=0,48%;
- the standard deviation of the average primary error S(d)=0,67%.
Table 1
The value of weighting coefficients

Costs (m’/h) 0,~=1,5 070,12 Omin=0,03

pi 0,535 0,397 0,068

The relatively large standard deviation value due to the fact that the variance measurement with
minimal despite its light weight, is much (on average 4...9 times) compared to the variance in other
costs. Using Table 1 you can determine the relationship between the total volume V, passed through
the water meter and the time # it work. Since the set statistics time on each of expenses is not fixed, it
will continue to convert the time of the count will be used the following formula:

V=01, (23)
where Q — average costs; ¢ — full time work at all costs.

Based on statistical data of testing results was obtained following linear model based on
measured meter volume (in m’):

8 =+(0,72+2,26-10™ V)%, (24)
with S(d0)=0,04%=0,02A,, where A,=1,80% — normalized limit permissible error counter during the
release of the production (primary calibration error limit). The initial error and its standard deviation
appearing in equation (24), differ from values that were given the results of the initial check of 100
meters. These differences are related to insufficient sample, but with an average error does not exceed
the maximum permissible error primary check equal to £1,8%. If we consider that the utilization
counters in operation close to 0,66, the average time-error of a meter outside the operating clearance
for its work with the recommended consumption will be about 4 years. In this situation, you can use
the guidelines [2] and to assess inter-verification interval by formulas:

ln(iA" )

T = XeS®) (25)
ln(i)
xpS(©y)

. Ae'XP'S(So)
AH_XP'S(SO)

where yp — normal distribution corresponding to the probability P; ¢ — time between probability P.

Thus (25) is a generalization of the formula (8) to account for the current tolerances, and (26)
corresponding generalization of linear model (10). Given that the probability P=0,7 normal
distribution is 0,53, and the time between this probability is 52,560 h (25) implies that 7,=8,5 years,
T,=11 years. Thus, the assessment of inter-verification interval for such meters which follows from
formulas (25) and (26) the methodology [2] is 8.5 years. Note that the calibration interval equal to 3
years, exceeds this criterion is almost 3 times. These estimates are too high for several reasons:

- first, all of the estimates have been made assuming that the metrological failure is gradual,
sudden failure were not considered;

- secondly, it introduced the assumption that the work meters is under ideal conditions when
water no mechanical and other impurities that can lead to distortion of results, and even to the failure
of most devices, and their operation is under constant normal temperature and economical costs.
However, their indirect influence is reflected in the specific sense of a coefficient obtained based on
experimental research. As for water meters, depending errors KB-1,5 since their operation, then the
normalized level of accuracy of initial calibration in +1,8% is more correct dependence that follows

from (24) and has the form:
8 =H(1,8+a-0-1)%, 27)

where a — the rate of change of error that has the dimension of %-+m’; Q — the recommended water
intake per unit time, namely, the a=2,26- 10 %=+m’ (24) coefficient ¢, equal to 0,17 %-+thousand hours
in (1), out at the rate 0=0,75 m’/h. This value is close to the average cost, and is used for verification
of meters is between nominal and transition costs and 2 times the recommended charges. This mode
counters in operation can lead to premature meters down.

In determining the suitability of metrology meters will use a fair value (27) rather than (1),
because the formula is not specified costs for which work counters. This means that for each type of
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dependence meters (27) must be determined individually or in the process of testing for metrological
stability. For water meters, KB-1,5 output error over time beyond the tolerance of 3 years, with
operating costs 0,375 m’/h and the coefficient of 0,66 meter rate of change of error shall not exceed
1,3:10™ %-=m’, and dependence on the time of operation error is defined as follows:
S =H(1,8+0,057) %. (28)
Conclusions. In order calibration period for the purpose of water meters is proposed an
integrated approach based on volatility statistics metrological characteristics and on the use of reliable
data on the time between metrological refusal derived from the operation of measuring instruments.
Also, instead of commonly used depending on the dynamic component error means measurement of
time of operation proposed to use the dependence of this error on the amount of water passing through
the meter. What is more correctly takes into account the dependence of the operating conditions of the
meter because it allows you to enter in these modes expenses, while employing the means of water.
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Trauyk A.A. (ORCID 0000-0001-9085-7777) Tepaeubkuii T.B. KpacoBcbkuii B.B.
Jlyupkuii HallioOHAJIBHUI TEXHIYHUH YHIBEPCUTET
JOCJIIIKEHHSA CITOCOBY NPU3HAYEHHSA MIXKITOBIPOYHOI'O IHTEPBAJLY JIJISL
JIYMJIBHUKIB BOJIU B 3AJIEXKHOCTI BIJI IHTEHCUBHOCTI X EKCILTY ATAIIIT

B cmammi nposedeno awnaniz npoyedypu NpusHaAueHHs MINCNOGIPOUHO20 [HMEPBEARy Ois
JUUTLHUKIG X0I00HOT 600u muny KB-1,5. Busieneno, wo 3a36uuaii nio 4ac npusHaueHHs ybo2o nepiooy
Kepyiomvcsa MinbKu  pe3yiomamamy  CmeH0osux eunpobyeamnsv, omoice 6 UYboMy 6Unadky He
BPAX0BYIOMbCS NOKAZHUKU MEMPONI02iuHOT 6€38I0MOBHOCMI MA cepeOHEe 3HAYEHHS 4acy eKCnayamayii
BUMIPIOBATLHO20 3AC00Y 6 peanvbHux YMOo8ax. 3anponoHoeano pexomeHoayii 01 YMOUHEHHS
MIDICNOGIPOUHO20 THMEPBANY, AKI IPYHMYIOMbCA HA Pe3yIbmamax eKCnepuMeHmanbHux 00CHiONCeHb
ma niomeepoiCceti GiONOBIOHUMU PO3PAXYHKAMU.

Knrouosi cnoea: nivunvrux, noxubxa, eunpobyeanus, 6e36i0M0O8HA poOOMA, MINCNOGIPOUHUL
IHmepeaan.

Trauyk A.A. (ORCID 0000-0001-9085-7777) Tepaeukuii T.B. Kpacockuii B.B.
JIyukuii HaMOHANBHBIN TEXHUYECKUH YHUBEPCUTET

HCCIEAOBAHUE OBPA3A HASHAYEHME MEXIIOBEPOYHOI'O MHTEPBAJIA
JJs1 CYHETUUKOB BOJIbl B 3ABUCHUMOCTH OT MHMHTEHCHUBHOCTH HX
IKCIUVIYATALIMU

B cmamve nposeden awnanuz npoyeodypvl HAZHAYEHUS MEICNOBEPOUHO2O UHMEPSALd O
cuemuuko8 xon00Hou 600bi muna KB-1,5. Buviasneno, umo o0biuHO npu HA3HAYEHUU 31020 Nepuood
PYKOBOOCMBYIOMCA MONbKO Pe3yabMamamu CmeH008bIX UCNbIMAHUL, MAK Ymo 6 3MOoM Clyyde He
VUUMBIBAIOMCSL NOKA3AMENU  MempOLo2ULecKoll  0e30MKA3HOCMU U CPeOHee 3HAYEHUE BpPeMeHU
IKCNIYamayu U3MepuUmenbHo20 cpedcmsed 8 pediivHulx yciosusx. Ilpednosicenvt pekomenoayuu 0
VMOUHEHUSL MENCNI0BEPOYHO20 UHMEPBAId, OCHOBAHHbIE HA pe3yIbmamax SKCNepUMeHmMAalbHbIX
UCCAEO08AHULL U NOOMBEPIHCOCHBI COOMBEMCMBYIOWUMU PACHEAMU.

Knrouesvle cnosa: cuemuux, HOSPEWHOCMb  UCNBIMAHUS,  Oe3omKasHas — paboma,
MeHCNOBEPOUHBIL UHMEPBA.
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