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ABSTRACT

Contest. Variable chemical composition of the materials under research is a reason for so-called “type uncertainty” appearance,
because the result of moisture measurement strongly depends from initial dielectric permittivity (type) of a material, and dielectric
permittivity can be significantly different not only for different materials, but for different varieties of the same material. Develop-
ment of new and modification of existing moisture measurement methods and development of new instrumental and secondary
transducers is a problem of current importance for increasing the accuracy of moisture measurement.

Objective. The purpose of this work is reduction the error of moisture measurement for bulk and liquid materials by new meth-
ods and means of moisture measurement development.

Methods. A new method of moisture measurement had been developed with two additive, two multiplicative and two comple-
mentary testing influences on the sample under research. It foresees getting seven readings of a capacitance that should be plugged
into the formula of a testing algorithm to get the moisture value. The method allowed to reduce material’s type influence on the result
of moisture measurement and to increase accuracy of measurements. To make a new method of moisture measurement proximate,
special instrument transducer had been developed. It allows simulation of additive testing influences on the material by using flat
conductive plates of a certain thickness, introduced directly into a space between the electrodes.

Results. The main purpose of experiments was to prove the capability of the new method of moisture measurement to work with
experimental values of capacitances. New instrument and secondary transducers had been developed for that purposes. Obtained
results helped to see that new testing algorithm has good conditionality when working with real values of capacitances with natural
random variation.

Conclusions. As a result we could see that maximal absolute error does not overcome 1.3 % of moisture content. It shows that
substitution the direct adding of water with metallic plates does not decrease conditionality of calculated moisture value results, ob-
tained using the new method of moisture measurement.

KEYWORDS: moisture content control, capacitance moisture meter, dielectric permittivity, test methods, testing algorithms,
conditionality.

NOMENCLATURE C, — second reading from the capacitance initial
8,, — “type uncertainty” relative error; transducer;
g1 — dielectric permittivity of water; C3 — third reading from the capacitance initial trans-
€, — dielectric permittivity of a material; ducer;
Ag, — dielectric permittivity variation depending C4 — fourth reading from the initial transducer;
from material’s type; Cé — fifth reading from the initial transducer;

€, — dielectric permittivity of a dry material; . . .
m P Y Y ’ Cé — six reading from the initial transducer;

C, — first reading from the capacitance initial trans-

ducer: C‘/t — seventh reading from the initial transducer;

W — nominal value of moisture;
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W...ic — calculated value of moisture;

AW — quantity of water that should be added into the
sample under research to get first additive test;

N/ quantity of water that should be added into the
sample under research to get second additive test.

INTRODUCTION

Grain farming is a strategic and most effective branch
of Ukrainian economy. In the Law of Ukraine “About
Grain and Grain Market” much attention is paid to state
control of grain quality and its storage conditions. Mod-
ern grain quality ratings are regulated with national stan-
dard [1], and in accordance with it moisture content
should be not more than 14.5...15.5%.

Ukrainian grain farming produces 2.5 million tons of
grain, and the quality of approximately 1.5 million tons is
necessary to be increased. One of the popular ways to
increase grain quality ratings is one- or two times process-
ing by moistening with further conditioning up to
12...13% of moisture level, that allows increasing baking
properties significantly.

According to the regulations “Approval of Energetic
Strategy of Ukraine up to 2035 year”, where it was told
about introduction of power efficient technologies of oil
fuels usage, we can remember the usage of oil-water slur-
ries, that allow to provide fuel economy and reduce emis-
sions in atmosphere. Amount of water in such a slurries
can be up to 40 % and is the object of strict control.

For all these examples moisture control with high ac-
curacy is really indispensable.

The object of study is the process of moisture meas-
urement of bulk and liquid materials of dielectric nature.

The work is dedicated to the problem of different ma-
terials moisture measurement accuracy increase in a way
of new methods of moisture measurement development,
new testing algorithms synthesis to calculate the quantity
of moisture, conditionality examination for the solutions,
received with a help of new testing algorithms, and new
initial and secondary transducers of moisture measure-
ment development.

The subject of study is the methods and technical
means of accuracy increase for dielcometer moisture me-
ters.

Subject of the research are methods, mathematical
models and technical means of capacitance moisture me-
ters for dry and liquid materials accuracy increase. The
analysis of modern moisture measurement principles for
dry and liquid materials with capacitance moisture meters
had been carried out. As a result the dielcometer principle
of measurement had been taken for the research. Inside
the dielcometer principle several perspective methods of
moisture measurement had been found, but all of them
have to be improved. Accordingly, modern initial and
secondary transducers of moisture quantity have to be
improved too, and it was confirmed by the results of
modern moisture meters analysis.
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The purpose of the work is reduction the error of
moisture measurement for bulk and liquid materials by
new methods and means of moisture measurement devel-
opment.

1 PROBLEM STATEMENT

To collect information about the most popular mois-
ture measurement principles the modern market of mois-
ture meters for bulk materials and oil products had been
analyzed. Generally 358 models of moisture meters for
bulk materials and 64 models of moisture meters for oil
products had been detected. In accordance with reference
we can see that capacitance principle of measurement
prevails the others (approximately 33% of moisture me-
ters for bulk materials and 63% of moisture meters for oil

products).
Analysis results are shown on Fig. 1.
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Figure 1 — Parts of the market for moisture meters

Figure 1 forces us to pay attention on the capacitance
(dielcometer) principle of moisture measurement. It is
based on material’s dielectric properties measurement
with a help of capacitance initial transducer. A lot of re-
searches and developers choose capacitance principle of
measurement because of its relative simplicity and possi-
bility to define moisture content as a difference of water
and researched material dielectric permittivity [2—-5].

But the problem is a significant dielectric permittivity
variation of medium, that contains water, because it
makes strong influence on the result of moisture meas-
urement [6]. An error, created by dielectric permittivity
variation, especially when measuring small moisture val-
ues (for example in a range from 0 to 1 %), can overcome
the range of measurement for more than 5 times. The val-
ue of this error decreases if we increase the range of
measurement, but remains significant.

When we have practical measurements, change of di-
electric permittivity for different materials under research
causes methodical “type uncertainty” error if we have a
scale of a meter, graduated only for one dielectric permit-
tivity value. Its value can be estimated in such a way:
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2 REVIEW OF THE LITERATURE

A decision had been made to fulfill the methods of
moisture measurement analysis inside the capacitance
principle to detect methods, which allow effective “type
uncertainty” methodical error compensation.

Methods, taken for the analysis, should provide ex-
press measurements for technological process conditions
and provide high accuracy due to the effective “type un-
certainty” compensation [7, 8]. As a result, methods of
moisture measurement for bulk, solid, paste-like and lig-
uid dielectric materials had been taken into account. Ap-
proximately 300 patents of USA, Japan, China, Europe,
Ukraine and Russia starting from 1994 and up to 2017
had been analyzed during the research [9-16]. All de-
tected methods were classified using some number of
common features and divided into 15 groups. The most
popular ways to compensate “type uncertainty” error are
measuring capacitance on two or more frequencies, pre-
liminary graduating characteristics receiving or standard
samples preparation, measuring some number of com-
plementary parameters, application of special testing in-
fluences on the material under research, measuring the
capacitance of initial and dehydrated sample etc. Big
manufacturers of modern moisture meters, such as Agra-
Tronix, Dickey John (USA), A-Grain, Panomex (India),
ASONIC, Draminski (Poland), Farmcorp (Finland), Isoe-
lectric (Italy), Kett (Japan), Pfeuffer (Germany), Sinar
(GB) etc. provide their devices with some number (from 3
to 400) of calibrating characteristics for certain materials.

It would be more rational for a moisture meter to be
universal for the wide range of materials without calibrat-
ing characteristics application, and it is possible to reduce
the influence of “type uncertainty” error significantly di-
rectly in a capacitance instrument transducer due to the
application of a new testing method of moisture meas-
urement.

3 MATERIALS AND METHODS

One of the perspective directions had been detected
for that purpose. The idea was to use special test methods
that allow increase the accuracy of measurements. Essen-
tiality of these methods consists in determining the pa-
rameters of a static function for the transducer with a help
of additional tests, functionally connected with an object
under control. For the moisture control purposes test ac-
tions should be formed as a number of water injections
into the substance under consideration. Using the values
of dielectric permittivity after each of test actions it is
possible to calculate the initial moisture of the material
[17]. Different testing algorithms had been explored after
what a perspective combination, consisting of two addi-
tive and two multiplicative tests was formed.

The idea of the method can be described in such a
way. At first we take a sample of a material under re-
search and get a first reading from the capacitance initial
transducer C;. After that some quantity of water should

be added into that sample (during the experiments
AW =10 % of water had been taken) to create first addi-
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tive test and get a second reading from the initial trans-
ducer C,. At the third step value of C; capacitance

should be increased two times to get the first multiplica-
tive test and a third reading from the initial transducer
C;5. Next step foresees adding double amount of water
AW’ = 20 % into initial sample under research to form
second additive test and reading number four Cé. And,
at last, value of Cj capacitance should be increased four
times to get the second multiplicative test and a fifth read-

ing from the initial transducer C3/ .

To get the moisture value for the material under re-
search all five readings of a capacitance should be substi-
tuted into the formula:

a'lcs-c) . AW(C3 —cl)
W -1lcs-a) k-1, -q)
AW/(Cg—cl) ~ AW(C3 —cl)
W -1cs-a) (-1, -a)
x (1+0.0029C; )]

W:

X

To calculate moisture four materials with different
values of dielectric permittivity (2; 2.5; 3 and 3.5) had
been chosen. Calculations for moisture control points 0,
10, 20, 30 and 40 % are given in tabler 1.

Table 1 — Calculated values of moisture

w Em
2 2.5 3 3.5

I/Vcalc Wcalc I/Vcalc Wcalc
0.0 0.014 0.014 0.002 0
0.1 0.115 0.104 0.111 0.094
0.2 0.205 0.206 0.202 0.199
0.3 0.305 0.3 0.297 0.293
0.4 0.396 0.394 0.391 0.389

Calculated results can be called acceptable, if we have
the same values of moisture for the materials with differ-
ent physical and chemical structure (different values of
dielectric permittivity ¢,,) for a certain moisture value

w.

We can say that material’s type influence on the result
of moisture measurement is rather strong. Maximal mois-
ture variation for different materials is 1.5%, but calcu-
lated values of moisture are close to nominal and provide
static characteristic of a transducer, close to linear. Graph-
ical illustration to the calculations in table 1 is given on
Fig. 2.

To reduce “type influence” for the method, mentioned
before, it was suggested to add two more complementary
tests into the process of measurement. Description of a
new modified method is given below. Again we take a
sample of a material under research and get a first reading
from the capacitance initial transducer C;. Then we add
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Figure 2 — Variation of calculated moisture values

10 % of water into that sample to create first additive test
and get a second reading from the initial transducer C, .

Third step will be the same as before: value of capaci-
tance Cj is increased two times to create the first multi-

plicative test and get a third reading from the initial trans-
ducer Cj. Step number four needs the value of a capaci-

tance C,, received after a second step, to be multiplied
on two. We will get reading number four C4 . Then it is
necessary to add double amount of water AW = 20%
into initial sample to form second additive test and fifth
reading Cé. Step number six means four times increasing

the capacitance of the first reading C; to get reading
number six C3/ as a second multiplicative test. To get the

last reading C‘/t (number seven) it is necessary to make
four times increasing the capacitance of the fifth reading
cj.

Moisture value for the material can be calculated us-
ing seven readings of a capacitance using the formula:

W:( (C3/—C1)AW/ (C3—C1)AW
(C‘/‘_Cé)_(cé_cl) (C4_C2)_(C3_C1)

( NG ey~ )aw
ci-c)-lei-a) - )l -l
x (1+0,0045C;).

New calculations of moisture values are given in ta-
ble 2.

X
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Table 2 — New calculated values of moisture

w €,
2 2.5 3 3.5

I/Vcalc Wcalc Wcalc I/Vcalc
0.0 0.132 0.647 0.002 0.275
0.1 10.425 9.922 10.333 10.010
0.2 19.687 20.280 20.431 20.637
0.3 29.689 29.785 29.998 30.094
0.4 38.835 39.154 39.335 39.499

Having these results we can say, that “type uncer-
tainty” reduced to the value 1.16% in comparison with
1.5% for the previous testing algorithm. And if we take a
range of measurement from 0 to 30%, maximal variation
of moisture values will not overcome 0.647%, and this is
the best result we managed to get.

Graphical illustration to the table 2 is given on Fig. 3.

Next step of the research was to check the ability of
the last testing algorithm to retain stability when working
with experimental results that have natural random varia-
tion. A need for such a research is conditioned with a fact
that values of electric capacitances taken from instrument
transducer will not be ideal deterministic values, but will
be the results of measurements that always have some
random variation.

Level of random variation (capacitance measurement
uncertainty) will directly influence the calculated mois-
ture values conditionality: measurement uncertainty
growth will decrease the calculated moisture values con-
ditionality up to the moment when testing algorithm be-
comes irrelevant [18].

After conditionality inspection in a special way de-
scribed in [18], it had been occurred that both testing al-
gorithms have similar problems with conditionality of
calculated moisture values for the points 0 % and 10 % of
moisture. That circumstance forced us to study denomina-
tors of both testing algorithms, described before, and to
synthesize a new testing algorithm as their average:

(cg -G )AW/

| _
" lici-ciHei=a)
- (C3_C1)AW +0.033]-833 +
(C4 _Cz)_ (Cz _Cl)
| AW/(Cg—q) ) AW(C3 —cl) ) .
+|(k/—11c§—cl) e g 0.033 - 800.

So, the method of moisture measurement, suggested in
the article, still consists of seven steps with implementing
of two additive, two multiplicative and two complemen-
tary tests, and to calculate moisture it’s necessary to use
formula, described in a previous abstract.
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Figure 3 — Variation of calculated moisture values

4 EXPERIMENTS

The main purpose of experiments was to prove the ca-
pability of the last form three testing algorithms to work
with experimental values of capacitances, taken directly
from the transducer, and to give adequate values of mois-
ture, independent from the type of material under re-
search. To fulfill experimental researches it was neces-
sary to create material-water samples with 0%, 10%, 20%
and 30% of water. To prepare such samples it was neces-
sary to fulfill preliminary drying for maximal extraction
of water from the sample. Air-oven reference method had
been used for that purpose. Taking into account big size
of used initial transducer, mass of a sample for drying
should be approximately 600 g. To dehydrate such a big
sample 30 standard aluminum weighting bottles with 20 g
probes had been used. Empty aluminum bottles should be
weighed on the scales with = 0.01 g accuracy [19]. Proc-
ess of weighting is demonstrated on Fig. 4, and, in accor-
dance with [19], weighting bottles should be kept in des-
iccator with a dehumidifier.

Figure 4 — Aluminum bottles weighting process
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Seeds of a pearl-barley, poppy, millet, pea and wheat
had been chosen as materials for experimental researches.
Each of 30 weighting bottles was filled with a 20 g sam-
ple of a certain seed and prepared for drying (Fig. 5).

e

Figure 5 — Weighting of a poppy seed samples

After that weighting bottles with opened lids should
be placed into a drying oven to be dried on 130 °C tem-
perature during 120 minutes (Fig. 5). Then it’s necessary
to put weighting bottles with dry samples into the desicca-
tors to provide their cooling to the temperature of labora-
tory conditions. After that process a sample can be called
dry and used to prepare probes with a certain percent of
moisture.

As a first moisture sample (with 0% of moisture) we
can use any dry material, prepared before. Second mois-
ture sample can be received by adding 60 g of water (10%
from total volume) into the first sample. To get third
moisture sample we should add 120 g of water (20%),
fourth — 200 g of water (30%). After that each moisture
sample should be carefully mixed to provide moisture
distribution uniformity.

Figure 6 — Drying of a pearl-barley sample

When working with seed its necessary to take into ac-
count that presence of water activates physiological, phys-
ical and chemical processes: absorption of water, swell-
ing, sprouting etc. That’s why free water in seed is usually
absent. To simulate real conditions it was necessary to
cover just prepared moisture samples with lids and leave
them in such a state for an hour (seed will soak free wa-
ter) [20].

To make test influences on the material fast and sim-
ple, a new instrument transducer had been developed
(Fig. 7).

Instrument transducer consists of a system of flat elec-
trodes 1, created by V-type plates. System of flat elec-
trodes is held out on the inside surface of two dielectric

11
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Section 1

Figure 7 — Modified instrument transducer

rings 2 and 3. To simulate direct test influences on the
material with adding some portions of water, metallic flat
plates of different thickness 6 and 7 had been introduced
into the space between electrodes. Internal rings 4 and 5
are necessary to fix all the plates [21].

Such a transducer allows simulation of two additive
test influences on the material under research. Let’s imag-
ine, that it is necessary to create two additive test influ-
ences like adding 10% and 20% of water. To fulfill this
task initial transducer was conventionally divided into
three measuring sections (Fig. 6). Certain number of me-
tallic plates 6 should be introduced into the space between
electrodes of section 1. It was calculated, that simulation
of 10 % water content in the material needs 27.64% in-
creasing initial transducer’s dielectric permittivity or elec-
tric capacitance. It helped to calculate necessary thickness
of one plate 6.

Second section was needed to create second additive
test influence on the material. For that purpose electric
capacitance of that section should be increased on 59.74
% or 1.5974 times. As a result, it would be possible to get
three values of electric capacitances: capacitance C| as a

first reading from the initial transducer (we can get it from
section 3); capacitance C, as a second reading from the

initial transducer (section 1); and capacitance Cé of a

second additive test and fifth reading form the transducer.
Values for the rest of capacitances, necessary to get mois-
ture content W , can be simply calculated as described
before.So, having an experimental sample of instrument
transducer (Fig. 8), it would be possible to check how the
last testing algorithm will work with capacitance values,
obtained in experimental way.

Figure 8 — Instrument transducer experimental sample
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Experimental setup for moisture measurement con-
sists of instrument and secondary transducers, oscillo-
scope Tektronix 2213A to control the form and duration
of pulses, digital multimeter UTM 18803 to measure volt-
age from the secondary transducer’s output, variable air
capacitor to substitute instrument transducer and digital
RLC-meter UTM 1612 used as capacitometer of a vari-
able air capacitor. Process of moisture measurement con-
sisted of several steps.

At the first step instrument transducer filled with a
prepared sample was connected to the secondary trans-
ducer with it’s section 3, free from metallic plates. The
task of a digital multimeter was to measure output d. c.
voltage of the secondary transducer, which is a function
of moisture content. D. c. voltage value was fixed by the
operator. At the second step instrument transducer with a
sample was disconnected from the circuit and replaced by
variable air capacitor able to change its capacitance in a
range of 5...760 pF (Fig. 9).

Figure 9 — Moisture measurement of a poppy seed

Then air capacitor was disconnected from the circuit
and its capacitance was measured with high resolution by
RLC-meter. Electric capacitances of 1 and 2 instrument
transducer’s sections were measured in the same way.

Each capacitance was measured for ten times and av-
erages were used in a suggested method of moisture
measurement (table 3).

Mentioned above capacitance-voltage transducer is
based on two 555 or 777 timers (Fig. 10), where the left
one is connected as a multivibrator circuit and generates
meander pulses on its output.

The right one, where instrument transducer with mois-
ture sample Cy; is connected, works as a one-shot mul-
tivibrator and pulses duration on its output is in straight
proportion with a capacitance of the instrument trans-
ducer. Low-pass filter R4C,4 works as pulse duration into
d. c. voltage transducer in a range 0.000...2.000 volts.

S RESULTS

According to the method only C;, C, and Cé capaci-

tances, that corresponds sections 3, 1 and 2 of an instru-
ment transducer must be measured directly. Rest of the
capacitances can be easily calculated. We can see the
results of direct measurements for the materials under
research with 30 % of moisture content in tabler 3 as an
example.
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Figure 10 — Capacitance — d.c. voltage transducer

Table 3 — Results of direct multiple measurements for samples with 30 % of moisture content
Ne of 1 2 3 4 5 6 7 8 9 10 C
experiment
Pearl-barley
C1 , pF 117,91 117,63 117,54 117,72 117,84 117,91 117,69 117,82 117,55 117,76 117,73
Cz , pF 138,81 138,45 138,51 138,49 138,76 138,99 138,46 138,51 138,85 138,49 138,61
Cé ,pF 164,21 164,65 164,48 164,39 164,53 164,29 164,38 164,45 164,71 164,19 164,42
Ne of 1 2 3 4 5 6 7 8 9 10 C
experiment
Poppy
Cy,pF 11,64 | 111,32 | 111,48 | 111,59 | 111,19 | 111,28 | 111,54 | 111,63 | 111,71 111,59 111,50
Cz,pF 131,64 131,85 131,94 131,52 131,46 131,51 131,39 131,68 131,71 131,49 131,62
Cé , pF 155,94 155,81 155,64 155,71 155,49 155,58 155,72 155,81 155,58 155,73 155,70
Millet
C1 , pF 100,71 100,60 100,94 100,85 100,49 100,73 100,68 100,82 100,66 100,59 100,71
C, ,pF 119,14 | 11891 | 118,69 | 118,72 | 118,89 | 118,61 | 118,92 | 118,74 | 118,79 118,85 118,82
Cé ,pF 140,32 | 140,61 | 140,86 | 140,60 | 140,49 | 140,72 | 140,73 | 140,48 | 140,54 140,66 140,61
Pea
Cl , pF 94,98 95,29 95,26 95,31 95,16 95,01 95,39 95,41 95,03 94,96 95,18
C2 ,pF 111,94 112,11 112,43 112,52 112,31 112,22 112,38 112,30 112,05 112,49 112,28
Cé , pF 132,85 132,99 132,21 133,30 133,05 133,12 133,19 132,89 132,92 133,10 133,06
Wheat
Cl , pF 82,54 82,33 82,64 82,51 82,71 82,30 82,41 82,56 82,68 82,46 82,51
C2 , pF 97,54 97,78 97,41 97,55 97,62 97,66 97,33 97,51 97,71 97,44 97,56
Cé , pF 115,62 115,31 115,22 115,34 115,56 115,42 115,60 | 115,31 115,28 115,19 115,42

All the results of moisture content, obtained with the
help of suggested method of measurement for five sam-
ples of different bulk materials taken as an object of re-

search, can be seen in table 4.

Table 4 — Results of moisture measurement

Material Moisture content W . %
0 10 20 30
Pearl-barley 0.503 10.882 20.487 29.818
Poppy 0.445 10.204 19.066 30.963
Millet 0.622 9.758 19.914 30.705
Pea 0.701 10.843 20.678 30.94
Wheat 0.001 10.396 19.405 28.692
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If we compare these results with data from table 2, it
is hard to see the progress. That’s why it was necessary to
estimate the accuracy level for the claimed method of
moisture measurement. The method of mathematical pro-
gramming was used for that purpose. If function f (x) is
continuous it is possible to get it’s maximal and minimal
values inside the range of limiting error for the argument
x. In this case estimated value of an absolute error can
be calculated as a half-difference:

8 = (finax (%)= rain (x))/2.

13
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Upper limit of moisture will be received in a case:

W = | (CB{ max Cl min )A W/ _
Cé/l min — Cé max )_ (Cé max Cl min )
[
- €~ G 7 +0.033-833+
(C4 min C2 max )_ (C3 max Cl min )

+| AVV/(CS/max _Clmin) _
|(k/ _lxcémin _Clmax)
AW(C3max _Clmin)

- —0.033(-800.
(k - IXCZ min Cl max

Lower limit of moisture will be received in a case:

W = | (C3/ min —_ Cl max )A W/ _
Cé/l max Cé min ) - (C?i min ~ Clmax )
s

- ima = s Jaw +0.033-833+

(C4 max C2 min )_ (C3 min G max)
AW/ (C?imin — Cl max ) _
(k/ - 1xcé max — Clmin)
AW(C3min B Clmax )

- —0.033|-800.
(k - llcz max Cl min

+ I

Maximal and minimal values of corresponding electric
capacitances were taken from the results of ten measure-
ments of pearl-barley seed with 30 % moisture content
(table 5). After we substitute these values into the formu-
las for maximal and minimal moisture levels calculation
we will get:

Wnax =31.007 %, W,in =29.799 %,

AW )= Wonax = Winin )/ 2 = 0.604 %.
It’s necessary to emphasize that AW represents ran-
dom part of the error, calculated for the results of indirect

multiple measurements. The method error was calculated
as a square root from RMS error:

A, (W)= \/—ZZ(WZ g f = 0.64 %.

In this formula:

W — twenty calculated values of moisture, taken
from the table 4; Wsj — standard moisture values: 0, 10,

20 and 30 %; n — number of calculated moisture values,
n=20.

Total error can be calculated as an arithmetic sum of
random and method error:

As (7)=AW)+A,,(W)=0.604+0.64=1.24 %.

6 DISCUSSION

Experimental check of the material’s type influence on
the moisture measurement result, defined using the new
testing algorithm, had been carried out. Two situations
were compared, when to create additive testing influences
certain amounts of water had been directly introduced into
the material under research and when presence of water
had been simulated in the instrument transducer by using
metallic flat plates of different thickness in the space be-
tween electrodes (last one described in the article). For
both cases maximal absolute error does not overcome
1.3% of moisture content. It shows us that substitution the
direct adding of water with metallic plates does not de-
crease conditionality of calculated moisture value results,
obtained using the last testing algorithm.

CONCLUSIONS

The problem of methodical “type uncertainty” error
reduction for moisture measurement with a capacitance
moisture meters is solved to increase the accuracy of
measurements.

The scientific novelty of this work is a new method
of moisture measurement, where sample of a material is
taken to get the first reading form the instrument trans-
ducer’s output, then certain amount of water should be
added to the sample what allows to get second reading
from the instrument transducer’s output. At a third step
capacitance value of the first reading should be twice in-
creased to get the third reading form the instrument trans-
ducer’s output. Reading number four is a twice increased
capacitance of a second reading. To get reading number
five we add double amount of water to the sample, and for
the reading number six and seven capacitance values of
the first and fifth reading should be increased four times.

As a result we have a method of moisture measure-
ment with two additive, two multiplicative and two com-
plementary testing influences on the sample under re-
search, what allowed to reduce material’s type influence
on the result of moisture measurement and to increase
accuracy of measurements.

The practical significance of obtained results is that
to make a new method of moisture measurement

Table 5 — Maximal and minimal values of electric capacitances

Pearl-barley Values of electric capacitances. pF
/ / /
30 G G Cy C) C} Ch
- 0 max 117.91 138.99 235.82 277.98 164.71 471.64 658.84
min 117.54 138.45 235.08 276.9 164.19 470.16 656.76
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proximate, special instrument transducer had been devel-
oped. It allows simulation of additive testing influences
on the material by using flat conductive plates of a certain
thickness, introduced directly into a space between the
electrodes. The practical novelty connected with the de-
velopment of instrument and secondary transducers to
fulfill the process of moisture measurement.

Prospects for further research are to study the pro-
posed method of moisture measurement for a possibility
to provide better conditionality.
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YIK 621.317.39

EKCIIPECHMI TECTOBHIT METOJI BAMIPIOBAHHS BMICTY BOJIOTH JJIsI PEYUOBHH JIEJEKTPHUHOT
nPUPOIN

3adosoTHuii O. B. — kaHA. TeXH. HayK, TOIEHT, eKaH GakynbTeTy «CHCTeMH yIpaBIiHHS JIITAIBHUX anapariBy, HamioHansHMiA
aepokocMiyHMH yHiBepcuTeT iM. M. €. JKykoBchKor0o «XapKiBChKHUI aBialliiHUA IHCTUTYT», XapKiB, YKpaiHa.

AHOTAIIA

AKTyanbHicTh. 3MIHHHI XIMIYHHI CKJIa] MaTepiaiB, O IiUISTal0Th JOCTIPKEHHIO, € IPUYUHOIO MOSBYU TaK 3BaHOI «COPTOBOT
HEBH3HAYEHOCTI», Yepe3 Te, 10 Pe3yIbTaT BUMIPIOBAHHS BMICTY BOJIOTH CYTTEBO 3aJICKUTh Bijl TOYATKOBOI Ji€IEKTPHYHOT TPOHUK-
HOCTI (THITy) PE4YOBHHH, a JieJIeKTPHYHA IPOHUKHICTh MOXKE ICTOTHO BiJPi3HATHCH HE TUIbKH ISl PI3HUX PEUOBHH, aie il [uis pisHO-
BUJIB OJJHOI pe4OBHHH. PO3pOo0IICHHS HOBHX i YAOCKOHAJICHHS HAasBHUX METO/IIB BUMIPIOBAaHHS BMICTY BOJIOTH, @ TaKOX PO3pPO0IEH-
HSl HOBUX MEPBUHHMX 1 BTOPUHHHUX BHMIPIOBAYiB BMICTy BOJIOTH € B)XXJIMBOIO MPOOIEMOIO [UIS MiABUIICHHS TOYHOCTI BUMiPIOBaHb.
MeToro poOOTH € 3MEHIICHHS MOXUOKK BUMIPIOBAaHHS BMICTY BOJIOTH [UISI CHIIKHX 1 PITUHHUX PEYOBUH HUITXOM PO3POOJICHHS HOBUX
METOJIB i 3ac00iB BUMipPIOBaHHSI.

Mertoa. Po3po6iieHO HOBHiT METO BUMIPIOBAHHS BMICTY BOJIOTHM 3 BHKOPHCTaHHSM JIBOX aJHTHBHHUX, JIBOX MYJIbTHIUIIKATHBHUX
Ta IBOX JOJAaTKOBUX TECTOBHX BIUIMBIB Ha JIOCIIKyBaHUH 3pa3ok. BiH nepenbavaec oTpUMaHHS CEMHU BiJUTIKIB €JIEKTPUYHOT €MHOCTI,
110 MAIOTh OYTH MiACTaBNIeHI y GOopMyITy TECTOBOrO aJITOPUTMY JUIsl OOYHCIICHHS BMICTY BOJIOTH. MeTo/1 J03BOJIsI€ 3MEHILIUTH BIUTUB
THUITy PEYOBHHH Ha Pe3yJIbTaT BUMIPIOBAHHS BMICTY BOJIOTH 1 MiJABUIUTH TOYHICTh BUMIipIoBaHb. J[yisi 3a0e3meueHHs] eKCIPEeCHOCTI
BUMIpIOBaHb OyJI0 pO3pOo0JICeHO CriemianbHUil MEepBHHHUN BHMIpIOBAJIbHUI HepeTBopioBad. Bin 3abe3medye iMiTalilo aauTHBHHX
TECTOBHX BIUIMBIB Ha PEYOBHHY 3aBASKH BUKOPHUCTAHHIO IUTACTHH i3 CTPYMOIIPOBIAHOTO MaTepialy MeBHOI TOBIIMHH, IO PO3MIIIEH]
0e3mocepeIHbO Y MIXKEJIEKTPOAHOMY IIPOCTOPi MIEPETBOPIOBAYA.

Pe3yabTaTn. ['010BHOIO METOIO eKCIIEPHMEHTIB OYyJI0 JOBECTH 3aTHICTH HOBOTO METOY BUMIPIOBAHHS BMICTY BOJIOTH 30epira-
TH IIpare3JaTHICTh HiJ Yac poOOTH 3 eKCIEPUMEHTAIBHIMH 3HAUCHHSIMH €JIeKTPUIHIX eMHOCTelt. J[i1s mboro 6yio po3poOiieHo HOBI
NIEPBUHHMI 1 BTOPUHHUH BUMIpIOBaJIbHI IepeTBoproBadi. OTpUMaHi pe3ysIbTaTé JOIOMOIIIN MePECBITYUTHCH, 110 HOBUH TECTOBUI
AITOPUTM Ma€ XOpoIly oOyMOBIEHICTH ITii 4ac PoOOTH 3 pealbHUMH 3HAYCHHSIMH €JICKTPUYHHUX €MHOCTEH, II0 MAlOTh IPHPOIHY
Bapiatiro.

BucnoBku. B pesyibraTi Oysio BU3HaY€HO, 110 MaKCUMallbHa a0CONIOTHA MOXHOKa BUMIpIOBaHHS He nepesuinye 1,3 % Bmicty
Boutory. Lle noBomuTh, 1m0 3aMiHa Oe3mocepeaHix J0OABOK BOAW METAIEBUMH TUIACTHHAMH HE TOTipIIy€e 00YMOBIEHOCTI OOYHCIEHUX
3Ha4YeHb BMICTY BOJIOTH, OTPUMaHHUX 3 BUKOPUCTAHHSAM HOBOTO METO/Y BUMIipIOBaHHS.

KJIIOYOBI CJIOBA: BuMipIOBaHHS BMICTY BOJIOTH, EMHICHHI BIMIipIOBad BOJIOTH, i€IEKTPHIHA IPOHUKHICTB, TECTOBI METO-
I, TECTOBI aJITOPUTMH, OOYMOBIICHICTb.

VJK 621.317.39

3KCHPECCHBIA TECTOBBI METO]I U3MEPEHMSI BIATOCOJEPKAHUS 1151 BEIIIECTB
JASJNEKTPUYECKOWM ITPUPO/IbI

3a0os0THBIN A. B. — kaH]. TeXH. HayK, JIOLEHT, AeKaH (aKynbTeTa « CHCTEMBI yIpaBICHUS JIeTaTeNbHBIX ammapaTrosy, Hamwo-
HaJIbHBIA aspokocmuyeckuil yausepcuteT uM. H. E. )KykoBckoro «XapbkoBCKHI aBUalIMOHHBIA HHCTUTYT», XapbKOB, Y KpauHa.

AHHOTALUA

AKTyaJIbHOCTD. [lepeMeHHBI XMMUUYECKUH COCTaB UCCIIEAYyEeMbIX MAaTEPUAJIOB SIBISIETCS NPUYNHON BOZHUKHOBEHHMS TaK Ha3bl-
BaE€MOH «COPTOBOH HEONPEIENCHHOCTH» MO NPUYMHE TOTO, YTO PE3YJIbTAT U3MEPEHHUs BIArOCOACP)KAHUS CYIIECTBEHHO 3aBHCHT OT
HAYaJIbHOM JAMAJIEKTPUUECKON NPOHMIIAEMOCTH (THIIA) BEIIECTBA, a AUAJIEKTPUYECKas IPOHULIAEMOCTh MOXKET CYLIECTBEHHO BapbH-
pOBaThCS HE TOJBKO AJIs Pa3HBIX BEIIECTB, HO M AJIS Pa3HOBHIHOCTEH OZHOrO BeliecTBa. Pa3paboTka HOBBIX U YCOBEPIICHCTBOBAHUE
CYLIECTBYIOIMX METOJOB M3MEPEHHUs BIArOCOACPIKAHUs, a TAKKE pa3paboTka HOBBIX IIEPBUYHBIX U BTOPUYHBIX TpeoOpa3oBareneit
BIIQYKHOCTH SIBIETCS BaXKHOI IPOOIEMOH IJIsI TIOBBIMIECHUSI TOYHOCTH M3MepeHuil. [lenbio aTolt paboTH! sBIIsieTCs yMEHbIIEHHE I10-
TPEIIHOCTH N3MEPEHHS BIaroCcOIeprKaHus JUIsl CBHITYYNX M KUIKHUX BEIIECTB IyTeM Pa3paOOTKH HOBBIX METONOB H CPEICTB H3MeEpe-
HUH.

Metoa. PazpaGoran HOBBI METOA M3MEPEHUs BIArOCOACP)KAHUS C MCHOJIb30BAaHMEM JBYX aJJUTHBHBIX, ABYX MYJIbTHILIMKA-
TUBHBIX M JIBYX JOIOJIHUTENIBHBIX TECTOBBIX BO3/ICHCTBUI Ha HccieyeMblii o0pasen. OH HpeaycMaTpuBaeT MoNTy4eHue CEMH OTCYe-
TOB 3JIEKTPHYECKOH €MKOCTH, KOTOPBIC JIOJDKHBI OBITh IOJICTABIICH B ()OPMYJIy TECTOBOTO JITOPUTMA IS BEIYUCIICHUS BIArocoaep-
xaHus. MeToJ1 I03BOJISIET YMEHBILIHUTD BIMSHUE THIIA BEIICCTBA HA PE3yJIbTaT M3MEPEHHUS BIArOCOJACPKAHUS U MTOBBICUTH TOYHOCTD
n3MepeHnid. s obecneueHns: SKCIPECCHOCTH M3MEPEHUH ObLT pa3padoTaH ClieHaIbHBINA MEPBUYHBIN U3MEPUTEIBHBIN PeoOpa3o-
BaTtenb. OH obecreunBaeT MMHUTAIMIO aJINTHBHBIX TECTOBBIX BO3IEHCTBHH Ha BEIIECTBO OJiarozjapsi MCIONB30BAHMIO IUTACTHH U3
TOKOIIPOBOJISIIETO MaTepHalla ONPEAEIICHHON TONIIMHEI, Pa3MEIIEHHBIX HEMOCPEICTBEHHO B MEXKIJIEKTPOIHOM IIPOCTPAHCTBE TIpe-
obpazoBareis.

Pe3yabTaThl. [J1aBHOM LeNIbI0 SKCIIEPUMEHTOB OBUIO J10Ka3aTh CHOCOOHOCTH HOBOI'O METOJa M3MEPEHUs! BIAroCOJepiKaHus CO-
XpaHATh paboTOCIIOCOOHOCTh NMPH PaboTe C SKCIEPUMEHTAIBHBIMU 3HAYSHUSIMH 3JICKTPUUYECKUX eMKocTel. Iyt aToro Obutn paspa-
OoTaHbl HOBBIC NEPBUYHBIA M BTOPUYHBIH M3MEpUTENbHBIC NpeoOpasoBartenu. [lomyuyeHHbIe pe3ysbTaThl IIOMOININ YOSIUTHCS, YTO
HOBBIH TECTOBBIIl aITOPUTM UMEET XOPOIYI0 00YCIOBICHHOCTh BO BpeMsi paboThI ¢ peabHbIMHU 3HAYCHUSMH JIEKTPUYECKUX EMKO-
cTeil, KOTOpbIE UMEIOT MPHPOJIHYIO BaPHALIMIO.
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MOCTb, TECTOBBIC METOBI, TECTOBLIE AJITOPUTMBI, O6yCHOBHeHHOCTL.

10.

11.

12.

BriBoasl. B pesynpraTe OBIIO ycTaHOBIIEHO, YTO MaKCHMajbHas aOCONIOTHAsI MOTPEIIHOCTh U3MepeHus He mpessimaer 1,3 %
BJIaroCOJIepKaHus. JTO JOKa3bIBaeT, YTO 3aMEHa HENOCPEACTBEHHBIX J0OAaBOK BOJbI METAUIMYECKHMH IUIACTMHAMH HE YXyIIIaeT
00YCIJIOBJIEHHOCTH PACCUUTAHHBIX 3HAYEHHUH BIIArOCO/EPIKAHMs, OITYyYESHHBIX C HCIO0JIb30BAaHUEM HOBOTO METO/a M3MEPEHUH.

KJ/JIIOYEBBIE CJIOBA: usmepenue BIarocoaep’kaHus, eMKOCTHBIH HM3MEpHUTENb BIAXKHOCTH, AMDIEKTpHUYECKas MpOHMLAC-
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