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In the article the features of applying of uncertainty types A and B, as well as the total
expanded uncertainty to evaluate the accuracy of measurement results was analyzed.
Applying of the method of uncertainty calculation on the example of evaluation of
measurement accuracy of yarn linear density as a main parameter for evaluating the textiles
quality was considered.
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Accuracy ensuring of measurement of textiles parameters is a main thing in improving
the quality and competitiveness of light industry.

The measurement process [1] is presentation of observed values by their values during
experiment and calculations by using special equipment. The accuracy of measurement is the
main characteristic of quality measurement which reflects the closeness of the result to the
true observed value.

Nowadays in the world it is accepted evaluation of accuracy based on uncertainty. The
main instrument of evaluation of uncertainty at the international level is [2], but in Ukraine is
regulated by GOST-N RMG 43:2006 [3]. However, guidelines on the expression of
measurement uncertainty is too broad and complex to use in practice, and regulatory
documentation concerning test methods of textiles properties, for the most part, do not operate
with evaluation of measurement uncertainty.

A lot of parameters regulated by normative documents should be defined to evaluate
the quality of textiles [4]. All textiles parameters which are measured during the test can be
considered as random value that can be detected through distributive law function. Estimates
of parameters which characterise offense the veracity of the measurement result and have
dimension of observed value is called the uncertainty of measurement [5].

Uncertainty of measurement expresses the fact that a given observed value for this
result does not have single measure of value, and there is an infinite number of values
scattered around the outcome that is consistent with all the observations and data.

Therefore, to evaluate the quality of the measurement result usually use not the error, but

the probabilistic characteristic, based on the estimated variation of the measurement result.
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Therefore, of the theoretical and experimental research methods to assess uncertainty
measurement properties of textiles is an actual task of assurance of high quality products of
light industry.

Formulation of the problem

Depend on calculation methods uncertainty can be standard, total and the expanded
uncertainty [5, 6, 7].

The standard uncertainty divided into type A, which is estimated by statistical analysis
of the results of repeated observations and type B, which is estimated non-statistic methods.
Both types of uncertainties are evaluated based on probability distributions and quantitatively
characterised by the square deviation.

The total uncertainty is the addition of the standard probabilistic uncertainties.

Expanded uncertainty is a value that specifies the interval around the measurement
result which include most of distribution values that can be attributed to the observed value.

This article deals with measurement of linear density uncertainty like example for
evaluation of measurement uncertainty of yarn properties.

The output data obtained by direct measurement are:

m — weight of yarn, 1.56 g,

| — length of yarn: 0.1 km.

Torsion fiber balance were used to determine the weight of the yarn and line to determine
the length. A measuring sensitivity of torsion fiber balance is 0,001 g but line is 1 mm.

Objects and the methods of the investigation

The object of the investigation is to evaluate the accuracy of measurement of quality
textiles based on the calculation of uncertainty.

Theoretical investigation based on the main provisions of metrology and
standardization, including methods of accuracy evaluation, and the regulatory documentation
concerning the selection of uncertainty. Processing of experimental research were carried out
by using the software MS Excel.

Results and discussion

The value of the linear density of the yarn is obtained by indirect measurement.

T _m :@ =15,6 tex,
| 01

where m — weight of yarn, g: | — length of yarn km.
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Array of data for the linear density parameter were obtained during repeated
measurements (Table 1).
Table 1
Linear density parameter value

Ne measurement 1 2 3 4 5 6 7 8 9 10

"”eartgins'ty’ 15,60 | 15,62 | 15,54 | 15.69 | 15,58 | 15,62 | 15.64 | 15,55 | 15,58 | 1551

The standard type A uncertainty of linear density parameter estimate as follows:

n

D (% —%)°

use =12 _ | 002 =0,0167 tex,
n-(n-1) 10(10-1)
n Xi . -
where X; — the result of measurement, x—i= - the arithmetic average of measurement
n

results, n — number of measurements.
The standard type B uncertainty of variables which included in the equation:

— the uncertainty of the yarn length is determined by the formula:

g _1x10°°

43 443

where g' — measuring sensitivity. g' = 1mm = 1x10° km.

u, ()= =0,1443x10"°km,

— the uncertainty of the yarn weight is determined by the formula
uz(m)= % =% =0,01443 g,
where " — measuring sensitivity. " = 0,1 g
Additional influential factors are lacking or their influence can be neglected. The
standard uncertainty of type B values not included in the equation are lacking as well.
Equation of functional connection (1) of total uncertainty of yarn linear density and
uncertainties output values:

N (LI IR o)
uc(r)—J[amj uB(m){aljuB(l) , o

However, considering that the value of the standard uncertainty have different
dimension, they can not be summed, and they should be converted to nondimensional values -

relative uncertainty:
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u (I) 01443x10°

55 (1) =—2 —1443x107°:

y

ug(m) 0,01443

= =0,0092,
m 156

53 (m) =

Then, equation (2) to relative uncertainty evaluation of the total yarn linear density

5C(T)=J[2—Tj S2(m)+ [ ja(l) @)
m

Determining of weight coefficient as the first partial derivatives of the measurement

will look like:

for each of the input variables:

LI =10,0; a —l:izloo,o

om | 01 o 12001

Thus, the relative uncertainty of the yarn linear density:

o.(T) = \/102 -0,0092% +100° - 0,1443% x10*° =0,092
Then, the total type B uncertainty of the yarn linear density:
Uc(T)=T-6.(T)=156-0,092=01472 =015 tex
Coverage factor of uniform distribution law and the trust level p = 0,95 is k = 1,65.
Expanded uncertainty of yarn linear density:
u(M)=k-u.(T)=165-015=0,25 tex
According to rounding rules, the result of measurement of yarn linear density:
— for the type A uncertainty: 7= 15,23 + 15,97 tex ,p=0,95
— for the type B uncertainty: 7'= 15,36 + 15,84 tex ,p=0,95
Calculation of uncertainty must be performed for each received a point each measured
value, so the automation of calculations is necessary. For processing the results of evaluating
the textiles quality and evaluation of uncertainty standard software will be enough.
Calculation example of measurement uncertainty of yarn linear density by using

Microsoft Excel are presented (Figure 1).
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[ 5] Microsoft Excel - Heuamasericrs Aiiinol rycran np
@_] Qaiin  [paeka Buwg Beraska @opmar  Cepewc  Jannwie  Okno  Cnpaska x
INEEHRSRTHI BB F9-0 BT -4 e Hixx=
5} | | Opions- [§
- £
A | 8 Jc[ o | E i
| 1 |measuring sensitivity of line (km} 0,000001 . Results r
| 2 |measuring sensitivity of torsion fiber balance (g) 0,001 .
| 3 [length (I,km) 0,1 _ 15,6
| 4 |weight (m, g) 1,56 . 15,62
‘HiLineardensityparametervalue 156 | | 15,54
6 | | 1569 |
| 7 |nondimensional values (l,km) 0,00001 | | 15,58 B
Iﬂinondimensionalvalues{m,g} 0,000641 | . 15,62
Lh] [ | 15,64
| 10 |coverage factor of uniform distribution law 165 | | 15,55
11 |total type A uncertainty 0,017 | . 15,58
I 12 |total type B uncertainty 0,15 1551
13 |expanded uncertainty of yarn linear density 0,25 . '
I 14
if yarn linear density:
| 16 | type A uncertainty 15,6 |+ 0,02 tex
17 type B uncertainty 15,6 +| 0,15 |tex -
ooy mhawery (e [waz /[ i | Al
|| ToToBO

Figure 1. Calculation of measurement uncertainty of yarn linear density by using
Microsoft Excel
Conclusions
The accuracy estimation of yarn linear density measurement based on the applying the
methods of uncertainty calculation of measurement results were obtained. According to the
calculation the type A uncertainty is 0,017 tex, type B is 0.15 tex, expanded
uncertainty is 0.25 tex.
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Komanapoea 1. 1., I'onuapoe O. C., Cnizkoe A. M.

Ouyinka Heeu3HaueHOCMI GUMIPIO6AHHA NOKA3HUKIE AKOCMI MeEKCHMUIbHUX
Mmamepianie

Y cmammi  npoananizosano  ocobiueocmi  3acmocy8amHHs — He8UHAYeHOCmell
munie A ma B, a makodxc cymapHoi ma po3uuperoi HesusHaweHocmell Oas OYIHIOBAHHS
MOYHOCMI pe3yIbmamis SUMIpIo8ants. Po3eisanymo 3acmocy8anus MemoOuKu po3paxyHKy
HegU3HAYeHOCmell Ha NPUKLAl OYIHKU MOYHOCMI 8UMIPIOBAHHS IIHINIHOL 2YCMUHU NPSICT, AKA
€ KIIOYOB8UM Napamempom OJist OYiHKU AKOCMI MEeKCMUTbHUX Mamepianis.

Knwuoei cnoea: oyinka moynocmi, HeEBU3HAUEHICMb BUMIPIOBAHbL,  AKICHIb
MeKCMUIbHUX Mamepiaie

Komnapoea H. H., I'onuapoe A. C., Cuzkoe A. H.

Ouenka neonpeoeneHHOCIMU U3MepPEHUll NOKa3ameneil Kauecmea meKCHmUuibHbIX
mMamepuanos

B cmamve npoananuzupoanvl 0coOeHHOCMU NPUMEHEHUs HeonpeoeleHHOCmell
munos A u B, a makoce cymmapHou u pacuupenHou HeonpeoeieHHocmell 01 OYeHKU
MOYHOCMU  pe3yIbmamos uzmepeHul. Paccmompeno npumeneHue memoouku pacyema
HeonpeoenienHoCmell Ha Hnpumepe OYeHKU MOUYHOCMU USMEPeHUs JUHEHOU NIOMHOCMU,
KOMOopas AGNAeMcs  KIIOYeGblM NaApaMempom Ol  OYEeHKU Kayecmed MeKCMUIbHbIX
Mamepuanos.

Knrwoueewie cnosa:. oyenxa mounocmu, HeonpeoeieHHOCMb USMEpPeHUll, Kauecmeo
MEeKCMUIbHbIX Mamepuaulos
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