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ABSTRACT: The article considers the issues of evaluation of accuracy characteristics of manometers and estimates
the extended uncertainty of measurement results. In addition, the main sources of measurement results when using the
measuring device in real-world operating conditions were investigated. Practical recommendations are given to
improve accuracy and to reduce uncertainty of measurement results. The calculation and evaluation of accuracy is
based on international standards in the field of uniformity of measurements.
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. INTRODUCTION

Recently, due to the increasing role of measurements in conformity assessment, the problem of their
metrological provision has become important. The requirements for the quality of measurements are constantly
increasing not only in terms of their technical, economic level, but also in terms of accuracy. For measurements, as for
any process subject to quality control, it is necessary to highlight those indicators that Will most fully characterize the
quality of the process and then periodically monitored and maintained at a given level. Information product produced
during. Measurements is a measurement result which can be expressed in quantitative and qualitative form. The main
indicators of measurement results quality are connected with accuracy.

ILLITERATURE SURVEY

The term "uncertainty of measurements™ appeared more than 30 years ago and is related to the accuracy of
measurement results. The need to develop a new concept for measuring measurement accuracy was caused by a lack of
international unity in these matters. The concept was developed by international organizations: International Bureau of
Measures and Weights (IOMB), International Electrotechnical Commission (IEC), International Federation for Clinical
Chemistry (IFIC), International Organization for Standardization (ISO), International Union for Pure and Applied
physics (IUPAC), International Union for Pure and Applied chemistry (IUPAC), International Organization of Legal
Metrology (OIML). Under the auspices of these organizations. Was published in 1993, "A Guide to Expression
Uncertainties in Measurements "(GUM), which immediately after publication acquired the status of an informal
international standard. The management has brought consistency in evaluating the accuracy of measurement results
into a wide range of measurements based on the concept of measurement uncertainty.

The concept of uncertainty was the result of development. Theoretical metrology and currently most fully.
Meets the modern requirements of technological progress, and uncertainty is the only internationally recognized
measure to assess accuracy. Measurement uncertainty is interpreted in two senses: wide and narrow. Broadly speaking,
"uncertainty” is "doubt,” for example, "when all known and assumed components of an amendment have been
evaluated and made, there is still uncertainty as to the truth of the said result, that is, doubt as to how accurately the
measurement represents the value of the measured value." In the narrow sense of "uncertainty,” there is a parameter
associated with the measurement result that characterizes the variation of values that could reasonably be attributed to
the measured value.
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1. RESULTS AND DISCUSSION

Pressure measurements in the system were carried out by a pressure gauge, accuracy class 2.5 with a range
of 0 to 20 kgf/cm?. The obtained pressure value at a single measurement of 15 kgf/cm?. It is necessary to determine the
measurement result and estimate the uncertainty of the pressure measurement.

1. We make the specification of measurements

A) measurement was carried out at ambient temperature of medium - 40 °C;

B) range of operating temperatures of pressure gauge from -10 °C to 50 °C;

C) pressure gauge reference discreteness - 0.1 kgf/cm?.

2. Determine the components of total pressure measurement uncertainty:

1) find the maximum value of the basic absolute error

K-D 2,5-20 1
A=+ =+ =0,5kgf /cm? (1)
100 100
Where: K is the accuracy class of the pressure gauge; D - measuring range of pressure gauge.
2) Measurement uncertainty caused by temperature deviation from normal temperature (20 °C) - additional
absolute error at temperature 40 °C: reduced error is calculated by this formula

y =+k- At 2)
k=0,1 — for this pressure gauge (from certificate obtained)
y=101-20=+2 % (3)
) ) 4
At=4_r7/—:ﬂ=ir0,4kgf/cm2 @)
100 100
3) limit of pressure gauge reference is equal to:
A, = +0,05kgf / cm? ()
4) Find standard uncertainty (for basic error): o for even law of distribution is x/§
6
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5) find standard uncertainty for additional absolute error:

8
A 04 o ®
a 1732

6) 6) find standard uncertainty for error of reference discreteness, which is equal to value of reference
discreteness divided by coverage factor for uniform law of division

_005_005 0,028kgf /cm? ©)

U
3 1732

3. We make the budget of uncertainty
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Pressure measurement uncertainty budget

Input values Estimates of entrance Standard Input Distributions of
sizes Uncertainty probability
The measured pressure 15 kgf/cm? - -
Intrinsic error - U, =0,29kgf / cm? Uniform law of
o distribution
Temperature error - U, =0,23kgf / cm? Uniform law of
2 distribution
Discretization error - U, =0,028kgf / cm? Uniform law of
s distribution
2
v 15 kgf/em U, =0,371kgf /cm? -

4. Corelation: none of the input values are considered correlated with others to any significant extent.
5. Haxoaum cymMMapHy0 HEONpPEAEIeHHOCTh BBIXOAHOM BEJIMUKUHBI B COOTBETCTBUU C BhIpaKaHUEM

U =4UZ +U2 +U?2 =4/0,29° + 0,237 + 0,028 (10)
= 0,371 kgf /cm?

6. We calculate the extended uncertainty of the measurement result for the confidence level 0.95
according to the formula

U =k-Ug =193.0,371=0,72 (11)
Taking into account that the components are distributed according to uniform law and ratio
U, 023 ;.00 (12)
U, 029

For a trust level of 0.95 s table, we get the following values from 2 table maximum values of coverage
coefficients for the composition uniformly and normally distributed input values, k=1,93.
Table 2 Maximum coverage values for composition uniformly and normally distributed input values

u,(y) Uy (Y)/ur(y)

1, (y) 0 0,1 0,2 0,3 0.4 0,5 0,6 0,7 0,8 0,9 1
0 165 | 165 | 160 | 1,73 | 1,77 | 181 | 1.8 | 1.87 | 1.8 [ 191 | 1,92
0,1 1,65 1.68 1.7 1.74 1.78 1.82 1.85 1.87 1.89 1.91 1.92
0,2 1,70 1.73 1.75 1.78 1.81 1.84 1.86 1.88 1.9 1.91 1.92
0,3 1,75 1.8 1.81 1.82 1.84 1.86 1.88 1.89 1.91 1.92 1.93
0.4 1,80 1.85 1.85 1.86 1.87 1.88 1.89 1.91 1.92 1.92 1.93
0,5 1,83 1.88 1.89 1.89 1.9 1.9 1.91 1.92 1.92 1.93 1.94
0.6 1,86 1.91 1.91 1.91 1.91 1.92 1.92 1.93 1.93 1.93 1.94
0,7 1,88 1.92 1.92 1.92 1.92 1.93 1,93 1.93 1.94 1.94 1.94
0,8 1,89 1.93 1.93 1.93 1.93 1.93 1.93 1,94 1.94 1.94 1.94

0,9-1,0 1,90 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94
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7. The measurement result is recorded as

P = (15+0,72)kgf /cm? (@)

IV.CONCLUSION

Estimation of measurement uncertainty at the pressure gauge shows that the main fraction is related to
the main instrumental errors of the pressure gauge. As well as temperature significantly affect the reliability of the final
measurement result. Therefore, it is recommended to comply with the operating requirements of the measuring device.
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