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Abstract. In this article, the selection of the number of points to be compared during the comparison of
measuring instruments, the determination of one of the factors most influencing the error of the measuring
instruments in order to find their exact value was carried out by calculating the coefficients of the Fourier
series.
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1. Introduction

The selection of the number of checked (compared) points and their specific values in the comparison
of measuring instruments depends on the characteristics of the compared measuring instrument and they are
indicated in the normative documents on comparison. As a rule, comparisons are made at the edges of the
range (start and end), in the middle of the range, and at several other points. The number of points is usually
not more than 5-6. For analog measuring instruments, the reference points are selected from the numerical
values of the input signals corresponding to the numerical marks of the instrument scale.

2. Material and Methods

For newly produced measuring instruments, the number of points and their location are selected as
follows.

The number of checked points and their location are selected depending on the character of the
Omax () function in the measurement range (Fig. 1).
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Fig. 1. The number of comparison points to be checked and their location

The issue of the quantitative values of the checked (comparable) points is solved on the basis of
determining the important factors that most affect the error of measuring instruments. For this, the coefficients
of the Fourier series are calculated.

2T
Ce = f;;”x S(x)e m " dx (1)
X

The Fure series is constructed based on the determination of the relationship between the error and the

influencing variable.

2T
5(x) = T2 o Cre 2, )
where A, is the bandwidth, C, —k - is the amplitude of the k-harmonic amplitude.
If the highest harmonic number is not less than 10% of the highest amplitude harmonic, it is equal to

k. Then the number of points to be checked is equal to M=(3+4)k.
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Checked (comparable) points are evenly spaced along the range. In this case, there are 2 different ways
to determine how the expression §(x) fits: theoretically (calculation) or experimentally. If it is not possible to
determine §(x) theoretically, then it is obtained by conducting an experiment for a large number of specimens
of measuring instruments, that is, the value of k is equal to the largest value of the separately obtained values.

The normalized value of §,,,4, is chosen as follows. Based on the study of the experimental values of
the & (x) function for selected types of measuring instruments, an individual elastic dependence is constructed
for all duplicate measuring instruments. In this way, the extended size (amount) of the norm determined from
the condition that ensures the correctness of the comparison is added to the resulting relationship. This
quantity, when compared within a range, may depend on the influencing parameter, just like the elastic
quantity. The resulting relationship expression looks like this and is normalized:

Omax(x) = 8(x) + h(x) 3
To facilitate the use of this expression, it is necessary to approximate them. In practice, the following
approximation is used:
e stepwise approximation
c1,d1 < x <dy;
y =4Cdy < x < ds;
C3,d; < x < dy.
e level approximation:
y=k-n"

e linear approximation
y=k-n,
e three-dimensional rational function approximation:
Vi = Qg + aixq; + azxy;
Y2 = Qo + a1x1 + by /xy;
Y3 = 0o+ b1/x1 + by /x5,
where d1, dz, ds, ds, K, ao, a1, a2, b1, b2 are constant coefficients.
The sign of the correct approximation is the negligible increase of the error with respect to 6,4, (x) at
all points.
If it is not possible to approximate accurately enough using model expressions, then other analytical
function expressions are used or this function is given in graphical or tabular form.

3. Results
How does the number of comparison points affect the probabilistic characteristics of the comparison?
The probability of invalidity of a valid tool is the average probability of its M points in Rgg:
Prgm = 1— PIMB =1- (1 - PFB)Mf (4)
Here, Rev, Ree are the average probabilities for a single point comparison.
For example, for Res = 0.05 and Rgv = 0.1 (when M = 1), the values of Rgem Will be:

M 1 2 5 10 20
Repm(Reps = 0,05) | 005 |01 0,23 0,4 0,64
Resm(Rgs = 0,1) |01 0,19 0,41 0,66 0,88

In addition, an invalid measuring instrument can be produced under conditions where the comparison
is in error at all M points of the range, in which case the average probability of this error decreases sharply as
M increases:

Pugm = Py ®)

For example, for Rng = 0.05 and Ry = 0.1 (when M = 1), the values of Rnvm will be:
M 1 2 5 10
Rygy(Rns = 0,05) 0,05 0,0025 3-107 1013
Rypu(Rng =0,1) 0,5 0,25 3-102 107
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So, as this example shows, even with a high value of Rny = 0.5, Rnvwm can have a small value at 5

comparison points.

As can be seen from the above examples, when M > 1, the Rnv and Reg probabilities are not equal and

therefore different numerical values are set for them
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