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ABSTRACT. The expression for the cone type transformation moisture meter capacity for grain and grain products, 

using which we can measure the moisture more accurately has been considered. The analytical expression for the 

proposed ourselves sensor construction capacity having truncated cone shape has been given. The dependence of 

construction capacity on the geometrical sizes of conducting compartment (height, internal and external radiuses) has 

been investigated. The values of the capacity by optimization sizes of the construction conducting compartment have 

been presented. It has been defined that the maximal capacity of the sensor equals to 9.26 pF and the capacity is 

nonlinear and decreasing monotonic down to zero.  
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I. INTRODUCTION 

 

It is known that in the storage, transportation, processing of grain and grain products the need for growing 

measure accuracy of grain moisture is increased. It is due to namely moisture influences essentially to qualitative and 

quantitative parameters in the grain processing technology: ones change from an optimal value even to 0.1 % can lead 

to decreasing the top grade flour down to 0.81 %, that as a result to essential damages will be caused. Therefore the 

special attention to measure of the moisture in the grain storage, transportation, processing is paid and this task is 

interesting [1]. 

To the present days the many methods had been investigated and in their base moisture meter series had been 

recognized between which the special attention to high frequency method is devoted. However, it should be noted that 

the recognizing devices where high frequency method is used have she essential disadvantage there the controlling 

accuracy has been decreased because of increasing the systematic part of errors. They deal with high clogging sensor 

because of electrodes directly in the grain divergence are accommodated [2]. In order to eliminate this disadvantage we 

must periodically to clean transformation removing its negative effect to the measuring process [3]. 

For solving this task, in particularly, in paper [4] the resistance transformation device scheme errors of 

contactless conduct metric sensor had been analyzed and the possible measurements ranges of the investigating loose 

materials parameters had been defined. In paper [5] the parameters transformation for four elements electric scheme of 

accommodating contactless capacity sensor for conduct metric measures of nonelectrical parameters had been 

considered where moisture control of process of the investigating materials drying had been done. And in paper [6] the 

efficiency which has high sensitivity and measures accuracy of string sensor had been investigated where it had been 

noted that one has the high sensitivity to the external effects leading too which lead to the essential measures errors. 

The capacity micromechanical gyroscope accommodate schemes had been considered in paper [7] where an 

calculation algorithm for the output signal which is proportional to the informative parameter of capacity sensor had 

been proposed. In order to except the effect of parasite capacity and active resistances to use separate timely 

transformation channels of the informative parameter which can be used for construction sensitive element of capacity 

micromechanical gyroscopes had been proposed [8]. In paper [9] the classification signs allowing classification of 

methods for separate phase of channels had been proposed using which to synthesize a new methods for excepting 

errors dealing with parasite capacity cables is possible.  
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V.V. Kikot had investigated [10] possibility to decrease temperature errors measures of dynamic pressure by 

piezoelectric capacity sensors where using electric capacity scheme as informative parameter on temperature he 

discovered the correction possibility of the temperature errors by static temperature and thermal shock effects. In paper 

[11] the universal measuring transformation for differential capacity sensitive element which differs known later 

variants [12] by simplification of realization of main transformation algorithms using one the relative errors decreases 

down to 1 % had been proposed. 

It is known that in recognizing the high sensitivity measuring device which will been used for measuring and 

controlling the moisture the choice task of sensor, its action principles and construction is very important [13]. Thus, 

we must to know [14-17] previously what the sensor electrodes capacity ranges in?  

In order to solve the mentioned above deficiencies and ensure requiring sensitivity in the present paper the 

sensor construction which, in our opinion, allows to ensure more accuracy measures the grain moisture has been 

proposed. In paper [18] we had obtained the expression for the capacity of electrodes proposed ourselves sensor 

construction. As an logical continue of the provided in mentioned above paper investigations in the present paper the 

concrete numerical values of the capacity of the grain sensor have been presented and the dependence of construction 

capacity on its geometrical compartment sizes (height, internal and external radiuses) has been investigated. 

 

II. EXPRESSION FOR THE GRAIN SENSOR CAPACITY 

 

The capacity of any construction is defined by 

 



Q
С         (1) 

 

where Q is the charge accumulated in one compartment of sensor conductive part. It can be calculated conveniently 

taking into account homogeneity of distribution by total volume conductor, namely 

 

  dVdVQ   

 

where ρ=const is the charge volume density. 

 The future actions stage is calculation of the volume of one compartment of conducting part of the grain 

sensor Vot (Fig.1). It can be done in the cylindrical coordinates system. 

 For this purpose we shell calculate first volume of truncated cone 𝑉𝑢𝑘  with bases radiuses r1 and r2 and also 

height h: 
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Then we shell subtract from one the volume of hollow cylinder with base radius r1 and height h 
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and obtained result shell divide to 4 (the volume of one compartment equals to fourth of the obtained figure). In result 

we have 
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Now we shell calculate the potential of one compartment φot. It can be done in the cylindrical coordinates 

system too (Fig.2) 
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Integration on r gives 
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In expression (4) variable r can be found from this ratio (see, Fig.2) 
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Thus, the potential calculation leads to calculation of the difference of integrals I1 and I2: 
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Integral function in the first integral of  Exp.(5) can be presented as 
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After replacement 𝑧 → 𝑧 + 𝑎 we have 
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Calculation of the second Exp. (5) gives 
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Finally, after substituting Exps. (2), (6) and (7) to Exp. (1) for one compartment potential we obtain 
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Then using Exps. (1)-(3) and (8) for the capacity of one compartment for conducting part of the sensor we 

have 
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Fig.1. On the volume displaying the compartment 

capacity of moisture cone transformation 

 Fig.2. On the potential displaying the compartment capacity 

of moisture cone transformation 

 

III. COMPARTMENTS CONNECTION VARIANTS OF THE ELECTRODES 

 

Now let us consider all possible variants of connecting of the studying device to the electric circuit. For this 

purpose we shell sign each compartment in the device by 1, 2, 3 and 4 (see, Fig.3). 

First case. One phase to compartments 1 and 2 and other to ones 3 and 4 will been connected. This variant is 

equivalent to the parallel connection of two capacitors with C (9). Then the resulting capacity equals  

 

CС par 2       (10) 
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Second case. One phase to compartments 1 and 3 and other to ones 2 and 4 will been connected. This variant 

is equivalent to the consistent connection of two capacitors with C (9). Then the resulting capacity in this case equals 

 

2

C
Сcon        (11) 

 

 
 

Fig.3. Marks for the grain sensor quarter 

compartments elements 

 Fig.4. The dependence of capacity C of alone compartment 

of the grain sensor on parameter r1 by fixed values of 

parameters, h=0.01 meter, r2=0.1 meter. 

 

 
 

Fig.5. The dependence of capacity C of alone 

compartment of the grain sensor on parameter h 

by fixed values of parameters, r1=0.05 meter, 

r2=0.1 meter. 

 

 

 Fig.6. The dependence of capacity C of alone compartment 

of the grain sensor on parameter r2 by fixed values of 

parameters, h=0.1 meter, r1=0.05 meter. 
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Third case. One phase to compartment 1 and other to ones 2, 3 and 4 will been connected. This variant is 

equivalent to consistent connection of two capacitors  C and 3C. The resulting capacity in last case equals 

 

4

3C
Сmix        (12) 

 

IV. NUMERICAL RESULTS 

 

The dependence of the grain sensor capacity on parameters h, r1, r2 in Figs.4-6 have been presented. It is seen 

from Fig.4 that the capacity is nonlinear and decreases monotonic down to zero in r1→r2. The most capacity value 

which equals approximately to 9.26 pF reaches by r1→0. 

About the same picture in dependence of capacity on parameter h is observing (see Fig.5). However, in this 

case on range of 0 ≤r1 ≤ 2 sm the capacity does not changing practically taking the most value approximately 4.15 pF 

and nonlinearity is manifesting stronger in comparison of the dependence on r1. As to the dependence of the capacity 

on parameter r2 then it takes zero value in r2 = r1 and increases practically linearly by growing values of parameter r2 

(see Fig.6). 

 Finally let us consider the variant corresponding to more real device geometrical sizes: h=10 sm, r1=5 sm, 

r2=10 sm. Substituting these values to Exps.(6)-(9) we have 

 

С=3.45 pF; Сpar=6.9 pF, Ccon=1.726 pF, Cmix=3.45 pF. 

 

 

V. CONCLUSION 

 

 Thus, we can state the following conclusions from the results of provided investigations:  

‒ the first, the expression for the capacity for one of four compartments of grain sensor which is expressed 

through height and internal and external radiuses has been obtained; 

‒ the second, the most (double) construction capacity in case of connection of these compartments in pairs and 

parallel is reached; 

‒ the third, the least (double) construction capacity in case of connection of four compartments crosswise is 

reached; 

‒ the fourth, the intermediate capacity we can obtain by mixing connection of construction compartments. 

 Finally, the investigations of dependence of capacity values of the grain sensor on parameters h, r1, r2 showed 

that the most capacity (approximately 9.26 pF) reaches by r1→0 and one decreases monotonic down to zero value. As 

the dependence of capacity on parameter h then the nonlinearity manifests essentially in comparison of  the dependence 

on r1 and it in range 0 ≤h ≤ 2 sm accepting the most value 4.15 pF does not changing. However, the dependence of 

capacity on parameter r2 here, visa versa, one groves up linear practically. 

Calculation of numerical values of capacity by real geometrical device sizes h=10 sm, r1=5 sm, r2=10 sm gives: 

С=3.45 pF; Сpar=6.9 pF, Ccon=1.726 pF, Cmix=3.45 pF. 

It follows from the analysis of provided investigations results that proposed construction to the measuring grain 

sensor moisture device which, in our opinion, allows to solve the task of contamination eliminate of the sensor can be 

recognized. It is extremely important in measuring of the moisture in the grain storage, transportation, processing. 
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