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Abstract. The article deals with a credibility problem of resource amounts calculation. The calculation is based on
periodical readouts of meters registrations. We propose a model of readout errors calculation and an estimation model
of time lags between the readouts to provide errorsin a necessary range.
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1. Introduction

The necessity to measure consumable resources
(such as water, thermal energy, gas, electric energy
and others) is obvious. Flow meters and amount
meters of liquids and gases find more and more
application both in the economy of our country and
in the world on the whole. Utility of these devices is
determined by many factors [1]. One of the principal
factors is reliability of measuring results.

Today a lot of measuring devices operate
remotely. They can be parts of telemetric systems,
passing over information to control stations, where it
is processed into the form that is suitable for
treatment and storage. However, the part of
measuring devices which can not operate remotely
and need people to read out information from their
dial plates or displays is still substantial.

Credibility of measuring results depends on
accuracy (error) of fixing of flow rate or amount of
consumable resource. While using devices without
telecommunication accuracy (error) can be
determined by two major components. The first is an
error of measuring device. The second is an error
(credibility) of read-out the information. Experience
shows us that in many cases providing credibility of
readouts is an urgent task. Unreliable measuring
information can result in misunderstanding, and
sometimes can lead to conflicts.

Readout errors can occur due to several reasons.
For example, there are reasons that are related to
human factor: carelessness, uncomfortable dial plate,
accidental gross error and others. There are also
reasons that are not related to human factor. One of
such reasons is rounding off error. Each device has
limited amount of digits on its dial plate or display.
Therefore, during read-out a person has to round off
a result, consciously introducing an error. If a period

of time between consecutive read-outs is large
enough this error is unimportant. For example, read-
outs of a water meter or a gas meter, which is
mounted in an apartment, are usually implemented
monthly. In this case a question of providing high
read-out accuracy is not critical. A consumer knows
an average amount of the resource consumption
during an average month. Therefore a probability of
making a gross read-out error is low enough. At a
case of making an insignificant error, including
round off error, with overstating or understating the
amount of the consumed resource, it can be easily
corrected at the next read out next month.

Problems spring up if it is necessary to evaluate
flow rate or amount of the consumed resource
during a short period of time. At this case
guaranteeing read outs credibility becomes a very
important task.

2. Analysis of the latest research and publications

Let us make suggestions related to guaranteeing of
read out credibility.

The necessity of a consumed recourse amount
controlling during a short period of time arises in
many cases. For example: during production
processes, during calibrations of meters etc.
Calibration of water meters by utility workers can be
conducted in two basic ways: at a special laboratory
on a calibrating rig, or directly on a water meter
placement location with the help of a portable
measuring capacity.

Every water metering post has stop valves
directly before the water meter and after it. On a
pipeline between the meter and stop valve after him
a flow-off fitting (short branch of pipeline) is
mounted. The fitting is equipped with a valve,
normally closed. The fitting with the valve can
perform several tasks. It can be used for emptying
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the consumer’s pipeline, establishing a manometer
for controlling pressure in the pipeline, for washing
the pipeline after corrective maintenance has been
done and others like that. In addition, it can be used
for water meter calibration without demounting it
from the pipeline. For carrying out the calibration a
certain amount of water is let through the water
meter and the fitting into a portable measuring
capacity. Then the amount of water in the capacity is
compared to the amount of water registered by the
water meter. Based on this, a measurement error of
the water meter is calculated and made a conclusion
about possibility of the subsequent usage of the
device. Accuracy (error) of the read-out in this case
is extraordinarily important.

One of the methods of heat energy meters
calibration without demounting it from a pipeline is
comparing the amount of consumed thermal energy,
calculated on the base of read outs of the sensors of
heat carrier amount and sensors of heat carrier
temperature, to the same amount of the consumed
heat energy shown by the integrator of heat energy
amount. In this case the errors of all sensors (heat
carrier amount, heat carrier temperature) and the
integrator read out’s rounding off is also very
important.

Let’s consider it using the next example. A
calibration of two heat energy meters without
demounting them from a heat conduit was carried
out by representatives of a heating supply company
in one of the Ukrainian cities. The meters were of
type YCT — 95/1-50-03. The calibration was
conducted using the method described before.
Meanwhile 1 hour time interval between read outs
was chosen, which was too short.

As a result of comparing manual computation of
enthalpy (amount of thermal energy), based on read
outs of the sensors of heat carrier amount and
sensors of heat carrier temperature, with amount of
thermal energy shown by the integrator, a
considerable divergence was diagnosed. The
registrations of the first meter at the beginning of the
experiment were: of the integrator Q, = 7215.1 GJ,
of the sensor of heat carrier amount V;, = 98602.8 m’.
Difference between the temperature of heat carrier in
delivery pipeline and return pipeline A, = 35 °C. At
the end of the experiment they correspondingly
were: of the integrator Q= 7215.2 GJ, of the sensor
of heat carrier amount V. = 98603.9 m3, difference
of heat carrier temperature Ao = 34 °C. The same
registrations of the second meter at the beginning of
the experiment were: Q,, = 0622.7 GJ, Vy, =

92093.3 m’, Ay = 38 °C. At the end of the
experiment they were: Qe = 0623.0 GJ, Vpe =
92095.1 m®, Aye=37 °C.

In the first case consumed amount of thermal
energy according to the integrator was

AQ =7215,2-7215,1=0,1 (GJ),
and the amount of passed through heat carrier was

AV, =98603,9-98602,8=1,1 (m?).

It means that the amount of consumed thermal
energy according to sensors of heat carrier amount
registrations (provided that the average temperature
difference was A,, = 34.5 0C) formed

Y _
Gl_lOOO 34,5-4,1868 =0,159 (GJ).
Divergence (relative error) of two energy amounts was
_0,159-0.1 am o
61——0’159 x100=37 % .

In the second case consumed amount of thermal
energy according to the integrator was
AQ, =0,3 (GJ), the amount of passed through heat

carrier was V, =1,8 (m’). Thus, consumed amount

of thermal energy, according to sensors of heat
carrier amount registrations (provided that the
average temperature difference was Ay, = 37,5 °C)
formed
1.8
=100

Divergence (relative error) of two energy
amounts was

5. = 0,3-0,283

270,283

Based on the results of this experiment, We made
a conclusion about uselessness of both thermal
energy meters for commercial accounting because of
the errors that exceeded the limit, which is 3 %.

Let’s reveal that the calibration was conducted
incorrectly by the reason of not providing credibility
of read-outs during the experiment (presence of too
large rounding off error).

In accordance with the passport of the heat
energy meter of type YCT — 95/1-50-03 value of the
scale division of the integrator for the range of heat
carrier flow from 0,36 to 72 m*/h is 0,1 GJ. Value of
the scale division of the heat carrier amount sensors
for the same range of flow is 0,1 m’.

The maximal absolute read-out error of
measuring device is the half of the value of the scale
division [2]. It means that for these meters the
absolute read-out error of thermal energy measuring

:37,5-4,1868=0,283 (GJ).

x100=6 %.



S Shamanskyi. Credibility guaranteeing of meters readouts

55

is Ag = £ 0,05 GJ, heat carrier amount measuring
Ay==%0,05m’.

As it was said before, the time interval, which
was chosen between read outs was 1 hour. During
this period of time the amounts of consumed thermal
energy according to the integrators were AQ; = 0,1 GJ
and AQ, = 0,3 GJ. The amounts of passed through
heat carrier according to sensors were V; = 1,1 m’
and V,=1,8 m’.

It means that the consumed amount of energy

was read out from the first thermal energy meter
with the maximal relative error
0.05 " 100% = 50%,
0,1
and the amount of heat carrier passed through the
first device was read out with the maximal relative
error

61Q =

8y :%-100%:4,5%.

The same registrations were read out from the

second device with maximal relative errors
correspondingly

b1 = G 100% = 16.7 %,
and

8y = 01’%5 100 % = 2,8 %.

Consumed amount of energy and amount of heat
carrier passed through read outs have no correlation.
Because of this the credibility of total read out in
whole can be estimated with total relative errors,
which can be calculated as root-mean-square of their
constituents.

8y =50 + 4,5 =50,2%;
8y = 16,7 + 2,8 =169 %.

It is understandable that having such relative
errors it is impossible to speak about providing any
credibility of read-outs and, correspondingly, it is
not correct to make conclusions about usefulness or
uselessness of thermal energy meters for commercial
usage. To provide the credibility of read-outs relativ

errors within the scope, for example, three percent, it
is necessary to set a period of time between
consecutive read outs, which allows heat energy
integrators to count an amount of energy not less
than

A
AQ =22 .100 % = 2% 100 % =1.67GJ
5Q 3
and sensors to count an amount of heat carrier not
less than

AV = 2100 % =295 100 % = 1,67
Sy 3

On the whole, there is one very important thing
to consider for providing read-outs credibility. The
thing is that it is always necessary to set time
intervals between consecutive read outs, which
provides a difference between registrations not less
than . It is possible to suggest a general formula for
finding this minimum difference

— r V)

AP = E - 100 % .

Here r — the division value of the devises sensor,
Op — the credibility of the read out, which is
necessary to achieve (the maximal relative error,
which has to be preassigned).

3. Conclusion

Using the suggested model of calculation it is
possible to define the minimal necessary difference
between consecutive registrations of sensors  for
providing credibility of read outs. On the basis of
this minimal difference it is possible to provide any
preassigned credibility (any preassigned magnitude
of maximal relative read-out error).
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Hes3Baxatoun Ha Te, 110 0arato BUMIpIOBAJIBHUX NPHJIANIB 3apa3 MPALIOOTh IUCTAHLINHO, BCE e 3aJHINAETHCS
3HAYHOIO YaCTHHA NPWJIAJiB BUMIPIOBaHHS BUTPAT Ta 00’€MIB pecypciB, MOKa3HUKU 3 SKUX 3HIMAE JIIOAWHA LUISTXOM
3udTyBaHHS 3 wLudepOnata 4yu aucruies. J[OCTOBIPHICTH OTPUMAHOIO pE3yJIbTAaTy 3a0e3NeuyeThesi TOUHICTIO
(moxmOKor0) (hikcamii BUTpaTH YU KUIBKOCTI CIIOKMBAHOTO pecypcy. [1oXuOKy npu 3uNTyBaHHI OKa3HUKIB BUHUKAIOTh
3 KimpKoX mpuduH. OnHi€0 3 HUX € moxuOKka okpyrieHHs. CyTTeBi MpobieMu BUHUKAIOTh pU HeoOXimHOoCTI Qikcarii
BHUTPATH YH KiTBKOCTI pecypcy MPOTATOM KOPOTKOTO MPOMIKKY dacy. s 3a0e3meueHHsT JOCTOBIPHOCTI 3YMTYBaHHS
MTOKA3HUKIB OyAb-IKAX BUTPATOMIPIB Ta JIYMIBHUKIB KUTBKOCTI CIIOKUTOTO PECYpCy 3alpOIIOHOBAHO BCTAHOBIIOBATH
IHTEpBaJIM 4Yacy MDK 34YMTYBaHHSIMH, sKi 3a0e3rnedarh MiHIMAIbHO HEOOXIAHY pI3HHIO B NOKazHUKax. Jlis
3HAXO/DKEHHs I[i€i MIHIMAJIIBHO HEOOXIAHOI pI3HMII 3arpONOHOBAHO PO3PAXYHKOBY MOJEb. BHUKOPHCTOBYHOYH
3aIllpOIIOHOBaHy MOJIeNIb, MOXKHa 3a0e3neudTn OyAb-sKy Harepel 3a/aHy IOCTOBIPHICTh 3YMTYBaHHS ITOKAa3HUKIB
(MakcUMaibHY BiJIHOCHY IIOXHOKY).
Kio4oBi ciioBa: BUMIPIOBAJIBHUII NPUCTPIN; OCTOBIPHICTH; JIYMJIBHUK TEIJIOBOI €HEprii; MOBipKa; MOKa3HUKU
JYWIBHUKA; TOXNOKA 3YMTYBAaHHS IIOKAa3HHKIB; CIIOKMBaHUI pecypc.
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HaunoHansHbIi aBUaliMOHHBINH YHHBEpcUTeET, pocn. Kocmonasta Komaposa, 1, Kues, Ykpauna, 03680

E-mail: Shamanskiy s i@mail.ru
Hecmotpst Ha TO, 4TO MHOTO M3MEPUTEIBHBIX NMPUOOPOB paboTaeT CEeroAHs MUCTAaHLMOHHO, BCE €Ile 3HAYUTEIbHON
OCTaeTcsl 4acTh IMPUOOPOB ydera KOJMYECTBA M Pacxoja pPEcypcoB, CHATHE MNOKa3aHWH KOTOPBIX IPOU3BOIUTCS
YEeJIOBEKOM IIyTeM CUMTBHIBaHMS C [udepOmata wim guciuies. JlOCTOBEPHOCTh IOJMYYEHHOTO —pe3ysbTara
o0ecreunBaeTcsi TOYHOCTHIO (TIOTPEIIHOCThI0) (HUKCAlMK pacxoJa WM KOJNHYeCTBAa TOTPEOIsIeMOro pecypcea.
[TorpemrHoCcTH TP CUNTHIBAHUH MTOKA3aTENEH BO3HUKAIOT 110 HECKOJIBKUM IpuanHaM. OJjHa U3 HUX — 3TO MOTPEIIHOCTh
oxpyrieHusi. Cepbe3Hble MPOOIEMbl BOSHUKAIOT MPU HEOOXOAMMOCTH (PUKCALMK Pacxoja WM KOJMYECTBA B TCUCHUE
KOpPOTKOTO ITPOMEXYTKa BpeMeHH. {1t obecrieueHus TOCTOBEPHOCTH CUNTHIBAHUS TOKa3aTeneil II0ObIX pacxoJoMepoB
M CYETYHMKOB KOJHMYECTBA IPEUIOKEHO YCTAaHABIUBATh HHTEPBAJIBI BPEMEHHM MEXKAY CUWTBIBAHMAMH, KOTOPBIE
00ecreunBalOT MHHHUMAaJbHO HEOOXOIUMYIO pa3HHIy B IIOKa3aHusX. JlIs omnpeneneHuss 3TOM MHUHHMMAIBHO
HEOoOXOAMMOM pa3HUIIBI MPEJIOKEHO MOJIEb pacueTa. Vicrnonp30BaHue MpeayioxKeHHOH MOIENN MO3BOJIMT 00ECIeYUTh
moOyr0  Hamepel 3aJaHHYI JIOCTOBEPHOCTh CHUMTHIBAHUS TIOKasarened (MakCHMalbHYI0 OTHOCHUTEJIBHYIO
MOTPEITHOCTB).
KioueBble cji0Ba: J0CTOBEPHOCTb; M3MEPUTEIBHBIH NPHOOpP; ITOBEPKA; MOTPEIIHOCTh CUUTHIBAHHS IOKAa3aHHM;
TIOKA3aHMsI CUETYHKA; MOTPEOIIEMBII pecypc; CUETUNK TEIUIOBOW SHEPTHH.
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