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ABSTRACT

Choosing the physical characteristics of geosynthetics used in the construction of municipal waste
landfills must be carried out according to the functions they must fulfil - sealing, filtration, protection. Since
the geomembranes are subjected to significant compressive stress, and tearing by sticking against hard
objects, experimental determinations are necessary to be made both in laboratory and in-situ for the
determination of its resistance over time. The protection of the geomembranes shall be carried out, usually
with geotextile, and its characteristics must also be established by experimental determinations. The results
of measurements of the laboratory tests carried out both on a membrane of HDPE and a nonwoven PP
geotextile, and the values of their deformation according to the pressing force led to the identification of the
best correlate experimental data by regression curve analysis are presented in this paper.

REZUMAT

Alegerea caracteristicilor fizice ale geosinteticelor utilizate in constructia depozitelor ecologice de
deseuri menajere trebuie efectuata in functie de functiile pe care trebuie sa le indeplineasca — etansare,
filtrare, protectie. Avadnd in vedere cd geomembranele sunt supuse unor solicitdri importante de
compresiune, dar si de rupere prin intepare cu obiecte contondente, este necesar a fi efectuate determindri
experimentale, atét in laborator, cét si in-situ, pentru stabilirea rezistenfei acestora in timp. Protectia
geomembranelor se realizeaza, de obicei, cu geotextil, iar caracteristicile acestuia trebuie, de asemenea,
stabilite prin determindri experimentale. In lucrare se prezintéd rezultatele unor determindri de laborator
efectuate, atat pe o geomembrané din HDPE, cét si pe un geotextil netesut din PP, iar valorile deformatiei
acestora in functie de forta de apdsare au condus la identificarea prin analiza de regresie a curbei de variatie
care coreleaza cel mai bine datele experimentale.

INTRODUCTION

In the municipal landfill construction, but also for land improvement works, geosynthetics are materials
with a wide use and can perform several functions: sealing, filtration, drainage, protection, stability slopes
etc. (Giroud et al, 1992; Koerner R.M., 1998; Mandal J.N., 2014; Richardson and Zhao, 2009; Zornberg and
Christopher, 1999).

Geosynthetics are materials made from polymers or polymer additives with various components for
characteristics diversification and properties improvement. They can replace many conventional materials,
with the same performance, showing guaranteed uniform properties over the entire surface. They are easy to
apply, with reduced labour and costs, contributing to significant savings in materials and energy, but they
also reduce the impact of construction on the environment. They also can work under load immediately after
installation, and their price is comparable to the price of conventional materials.

However, geosynthetics are sensitive to contact with traditional materials (hard and tough) because
they are, in general, thin and lightweight materials, thus can be easily damaged due to the specialized
structure, which makes them usable only for the purpose for which they were designed and tested in
laboratory and field. They are often sensitive to UV radiation and presents an aging phenomenon more
pronounced than traditional materials (Narejo et al, 1996).
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The main polymers used for obtaining geosynthetics are:

- polypropylene (PP, 0.895 — 0.910 g/cm®, melting temperature 155 — 175°C);
- low (LDPE), medium (MDPE) and high density (HDPE) polyethylene;

- polyester (PES, density 1.38 g/cm®, shrinkage in hot water 5—9%):;

- polyamide (PA);

- polyvinyl chloride (PVC, 1.38-1.55 / 1.16—1.35 g/cm®).

Of all geosynthetics, geomembranes and geotextiles are largely employed in municipal landfills
construction and beyond. In general, geomembranes act as a barrier (seal), while geotextiles have the role to
protect the membrane or act as a drainage (Wilson-Fahmy et al, 1996; Narejo et al, 1996; Koerner et al,
1996; Rowe R.K., 2012).

Fig. 1 - Examples of geomembrane and protection geotextile utilisation in the construction of waste landfills

The protective properties, thickness and type of material that geosynthetics are made off, significantly
require a rational design method.

In the works mentioned above, the authors present the theoretical approach of thinning the membrane
in contact with the rounded edges of the stone layer beneath it, using the theory of membrane tension and
results of laboratory experiments using a special apparatus and stone or truncated push con, during short
and long periods of time. Theoretical study conducted for the geomembrane with or without geotextile
protection shows the need for a material protection when membrane is applied. Furthermore, the authors
show that the characteristics of the protuberant object and of the protection material are important in
designing structures with geomembranes (Wilson-Fahmy et al, 1996).

In the experiments, high density polythene (HDPE) with 1.5 mm thickness (yield load 23 kN/m, 18%
yield strain, puncture load 0.44 kN according to ASTM D 4885) and various non-woven textile, with different
specific weights (per unit area) were tested. Using the results of the testing program, a design methodology
for determination of the geotextile’s necessary specific mass to geomembrane’s puncture protection for a
certain safety coefficient or vice versa has been developed (Narejo et al, 1996). Thus, it was found that the
puncture resistance of geomembranes increases with increasing mass per unit area of the geotextile
protection for all of the prominent bodies heights. Increasing the protuberances height decreases the
geomembrane’s perforation resistance, regardless of geotextile protection’s specific mass, puncture
resistance is inversely proportional to the square of the protrusion’s height. Particularly important is the
protuberance’s shape, the puncture resistance of subrounded stones or rounded was two, respectively four
times higher than the puncture resistance using the cornerstones (sharp). Also, the puncture resistance of a
geomembrane laid on a bed of stones is two times higher than laid on the isolated rocks of the same height
with the previously ones. At the same time, the membrane puncture resistance decreases with time and the
time impact is more pronounced with decreasing specific weight of the geotextile protection and increase the
protuberance height underneath the membrane.

The maximum permissible pressure on the geomembrane, depending on the height of a single
protuberance underneath the geomembrane may be determined by the relation:

Padm = 450 =2 > 50 kPa 1)

where Mgy is the specific mass of the geotextile protection (g/mz) and H is protuberance’s height (mm).
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Minimum pressure of 50 kN corresponds to a failure pressure of a 1.5 mm thickness HDPE
geomembrane, without any protective material (Narejo et al, 1996).

Therefore, the puncture resistance of the geomembrane determine required characteristics of the
protection material, both in the case of coatings and to the construction of the landfill's bed foundation. Tests
carried out in accordance with ASTM D5514, on a 1 mm PVC geomembrane lead to failure water pressure
much higher than for the 1.5 mm HDPE membrane, (Marcotte et al, 2009). PVC geomembrane offers better
advantages as a hydraulic barrier in designing leachate collection system, including puncture resistance is
the most important. For example, under hydrostatic conditions, the disposition of PVC geomembrane on
layers of 20 - 100 mm packed angular gravel has presented a decline of the minimum failure pressure when
the particle diameter increases. The bottom line is that abrasion is probably the predominant factor for
puncture resistance of PVC geomembranes. The authors’ recommendation is to test the geomembranes with
real granular materials for test results to be as conclusive as possible. Also, testing and analysis of protective
geotextiles demonstrated that the use of a non-woven needle-punched geotextile with a specific mass of 270
g/m? increase of the burst pressure of the 1 mm PVC membrane up to 800 kPa, which is ten times higher
than the value of allowable pressure calculated for a 1.5 mm HDPE membrane protected with a 550 g/m?
geotextile. Moreover, the HDPE membrane requires a direct contact only with fine granular materials to
prevent punctures while PVC geomembrane may be used over layers of coarser granular material.

Other works covering the geomembranes and geotextiles resistance are HAXO and Kamp, 1990;
Peggs 1., 1990; Koerner, 1998 Blond and Elie, 2006; Jones and Clarke, 2007; Bacas et al, 2011; Lin et al,
2012 ; Qiang et al, 2013; Voicu Gh., 2016.

The results of pre-compression tests performed on a HDPE geomembrane without geotextile
protection to relatively small pressure forces (up to 20 N), but also on a geotextile protection using pressure
devices with cylindrical or spherical roller bearings in order to identify mathematical relationship between
loading force and deformation, both for loading and unloading, and energy hysteresis are presented in this
paper. Experimental data are tested with known mathematical relationships and best mathematical equation
that correlates the experimental data is established.

MATERIALS AND METHODS

Measurements were carried out in the specialized laboratory of the Department of Biotechnical
Systems from the University “Politehnica” of Bucharest, materials used in the experiments being purchased
from Chiajna waste landfill, llfov County. The thickness of the HDPE geomembrane was 3 mm, and the unit
weight of the geotextile was 500 g/m2 and thickness 4.7 mm, obtained from non-woven polypropylene yarns.

Laboratory bench (shown in Figure 2) has been specially adapted for the compression experimental
tests on geosynthetics used, being provided with a rigid support plate (8), on which were placed 100 x 100
mm square tiles of geosynthetics material (9). The hold itself (10) has been either a roll steel cylinder with a
diameter of 8.1 or 11.3 mm, or metal spherical ball with a 13.4 mm diameter, reinforced with a top plate (3"),
which comes into contact with an external digital comparator (5). Between the metal plates (3 and 3') there is
a connecting rod (12) connected to a flexible wire (11) passing over two pulleys (6) and a balancing weight
(7) to the left end. On the top plate (3") can be placed different weights (4), whose pressure force is
transmitted through the stiffened chain elements (3'-12-3-10) on the geosynthetics material (10). For
puncture resistance of the membrane was used a 20° metal tip cone, using the same device.

Experimental determinations were performed by reading the geosynthetics material strain at different
weights added to the stand’s upper plate (3'), until a predefined force is reached and also on return, by
reducing the pressure weight. No determinations were made at discharge for a longer relaxation time of the
material. Relaxation time was estimated at about one minute (how long until weights were unloaded from the
upper plate (3").

Further on, the values obtained for the material deformation were processed in analysis program
Microcall Origin, by plotting data points and regression analysis with different mathematical functions and
the regression curves were plotted to identify the best variation law of deformation as a function of pressure
force (at loading - unloading).

Mathematical functions used in the regression analysis are:

linear function:
y=ax+b )
power function:
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- exponential function:

- logistic function:

y=ax

y=a+b- expi?i@— %)

y=»b+

a—b

14+(2)°

INMATEH =<4y

Estimated calculations were made to determine the energy dissipated in the material.

;;\
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Fig. 2 — Principled layout of the laboratory stand used in experimental tests
1 — support with rod and arms; 2 — support plate; 3 — pressure plate; 4 — weights; 5 — external comparator; 6 — pulleys; 7 — balancing
weight; 8 — rigid metal plate; 9 — geomembrane (geotextile); 10 — pressure ball (or roller); 11 — connection thread; 12 - rod

RESULTS

tusal

®3)

(4)

(5)

The results obtained for values of deformation according to the strength load are shown in Table 1.

Table 1
Geosynthetics deformation values (in mm) for several different devices and pressure forces
4.7 mm PP Geotextile Geomembrane HDPE, 3 mm
Mass, N| 8.1 mm Roll 11.3 mm Roll 8.1 mm Roll 11.3 mm Roll ¢ 13.4 mm Ball Edge
Pressure|Return |[Pressure|Return |[Pressure|Return |Pressure|{Return |Pressure|Return |Pressure|Return

0 0 1.05 0 1.40 0 0.02 0 0.14 0 0.21 0 0.67
1.36 0.01 1.23 0.16 1.60 0 0.04 0.01 0.21 0.01 0.30 0.09 0.72
2.68 0.04 1.30 0.42 1.70 0.01 0.05 0.04 0.24 0.04 0.38 0.15 0.76
3.99 0.25 1.38 0.65 1.80 0.02 0.05 0.06 0.28 0.08 0.43 0.24 0.78
531 0.41 1.43 0.82 1.85 0.03 0.06 0.08 0.31 0.15 0.48 0.32 0.79
6.64 0.60 1.49 0.98 1.90 0.04 0.06 0.10 0.33 0.21 0.52 0.40 0.80
7.96 0.75 152 1.15 1.94 0.05 0.07 0.14 0.34 0.29 0.55 0.46 0.81
9.27 0.81 1.54 1.25 1.97 0.05 0.07 0.17 0.35 0.34 0.58 0.51 0.81
10.58 1.01 1.55 1.39 1.99 0.06 0.08 0.22 0.35 0.39 0.62 0.54 0.81
1191 1.09 1.58 1.50 2.00 0.06 0.08 0.24 0.36 0.45 0.63 0.58 0.81
13.21 1.20 1.60 1.60 2.01 0.07 0.08 0.27 0.37 0.49 0.63 0.61 0.81
14.55 1.32 1.61 1.69 2.02 0.07 0.09 0.29 0.37 0.55 0.65 0.68 0.81
15.88 1.40 1.62 1.78 2.03 0.08 0.09 0.32 0.38 0.58 0.65 0.74 0.81
17.18 1.49 1.62 1.93 2.03 0.09 0.10 0.34 0.38 0.63 0.66 0.78 0.81
18.50 1.62 1.62 2.03 2.03 0.09 0.10 0.36 0.39 0.64 0.67 0.81 0.81
19.51 0.10 0.10 0.38 0.39 0.66 0.67
20.28 0.10 0.10 0.39 0.39 0.67 0.67
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The curves of geosynthetics deformation, on loading and unloading, depending on the pressure force
were plotted based on experimental data from Table 1. The arrangement of data points, together with the
variation curves drawn by regression analysis are shown in Figures 3 and 4.
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Fig. 3—The variation of the geotextile deformation curves, as a function of the pressure force,
on loading and unloading, for two diameters of the cylindrical roll press
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Fig. 4 — The variation curves for geomembrane deformation, depending on the pressure force, on loading and
unloading, for different types of work systems (rolls, ball, conical edge)

From the analysis of experimental data and plotted variation curves, it can be seen that the unload
takes place on a route different from loading, which indicates that some of the strain remains stored in the
material and it can be resorbed after shorter or longer periods of time. Thus, there is the possibility of
material thinning and if testing continues, the material can no longer return to the initial form. This thinning
inevitably leads to stretching and wrinkling of the material, which induce other types of stresses, together

11
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with the existence of an additional weight (waste or drainage material or coating) above the material.

Thus, the deformation is elastic-plastic deformation with a higher degree of recovery from the
membrane, especially when cylindrical rollers are used. For geotextile protection, the strain was more
pronounced as compared to geomembrane, for the same load, and return much smaller, which means that
the coefficient of elasticity is also smaller.

Instead, membrane recovery was much smaller when using the conical tip, possibly due to its
retention by material and its friction with the material.

Also, it can be said that a part of the energy consumed for deformation remains in the material,
manifested as hysteresis both in case of deformation and consumption of the energy needed for
deformation. This phenomenon occurs both for geosynthetics protection and for sealing geomembrane, but
less obvious in case of the last one, for loading values used in the paper, but with a greater influence on
geomembranes.

Energy stored in material (called lost or dissipated energy) can be determined by measuring the
surface area between the two curves (loading - unloading). In the paper, the energy dissipation was
calculated with Mathcad software, based on equations derived from regression analysis, as a difference
between surface areas under the curves of unloading and loading, form the O N load to the load mentioned
in Table 1 (18.50 N, respectively 20.28 N) for each one of the experimental samples.

If the energy dissipation for the geotextile lies between (1255—1354)-10'5 N-m, in case of the
geomembrane, dissipated energy lies between (37.2—395.9)-10'5 N-m, depending on the type and shape of
the pressure device (roller or ball). However, there are slight differences depending on the mathematical
relation used (Eg. 2-5). Thus, the calculation error between the values of the dissipated energy calculated by
the linear equation (1) and the logistic function (4) lies between 0.15-7.58%, as shown in Table 3:

c = Elinear _Elogistic . 100 (%) (6)
Elogistic

From regression analysis of experimental data with mathematical functions mentioned above resulted

the values of the equations coefficients and of the correlation coefficient R2 and they are shown in Table 2.

Table 2
The coefficients values of the regression functions (2-5) and of the correlation coefficient R2 for strain - strength
variation curves of the experimental tests on PP geotextile and HDPE geomembrane

Equation Loadin.g / Geotextile, roll $8.1 mm Geotextile, roll $11.3 mm

Unloading a b c d R? a b c d R?
Eq.2 Loading 0.095 -0.076 - - 0.988 0.107 0.168 - - 0.976
Unloading 0.026 1.237 - - 0.813 0.027 1.631 - - 0.759
Eq.3 Loading 0.074 1.070 - - 0.980 | 0.230 | 0.750 - - 0.992
Unloading 1.188 0.113 - - 0.983 1.580 1.766 - - 0.968
Eq.4 Loading 6.6110° | -6.6-10° | 7-10° - | 0986 | 29512 |-2.9712| 16.446 | - 0.998
Unloading 1.6358 -0.5697 4972 - 0.995 | 2.0395 | -0.631 | 4.161 - 0.999
Eq.5 Loading -0.0372 24744 13.146 | 1.718 | 0.995 | -0.0211 | 4.311 | 21.247 | 1.044| 0.998
Unloading 1.0527 1.7753 4604 |1.022| 0.996 | 1.4026 | 2.123 | 3.289 |1.208| 0.997

Geomembrane, roll $8.1 mm Geomembrane, roll $11.3 mm

a b c d R’ a b c d R’
Eq.2 Loading 0.005 0.0026 - - 0.985 | 0.021 | -0.018 - - 0.993
Unloading 0.0035 0.036 - - 0.951 | 0.0095 | 0.228 - - 0.786
Eq.3 Loading 0.007 0.886 - - 0.987 | 0.015 1.100 - - 0.990
Unloading 0.031 0.394 - - 0.979 | 0.210 | 0.214 - - 0.955
Eq.4 Loading 0.1258 | -0.0989 | 14.562 - | 0.980 [-2.68:10%|2.68-10"|-1.3-10°| - 0.992
' Unloading |-1.456-10" [ 1.456-10%|-2.91-10°| - 0.983 | 0.3883 | 0.2417 | 4.938 - 0.993
Eq.5 Loading -0.0017 0.2316 25.6215 1.172| 0.992 | 0.0029 | 0.6539 | 16.393 [1.784 | 0.998
Unloading 0.021 27.833 | 4.9210° | 0.577 | 0.991 | 0.1461 | 0.419 | 3.950 [1.250| 0.993

Geomembrane, ball $13.4 mm Geomembrane, conical edge

a b c d R’ a b c d R’
Eq.2 Loading 0.037 -0.026 - - 0.985 | 0.043 | 0.064 - - 0.980
Unloading 0.0196 0.340 - - 0.839 | 0.0053 | 0.738 - - 0.581
Eq.3 Loading 0.032 1.032 - - 0.978 | 0.088 | 0.766 - - 0.995
Unloading 0.302 0.279 - - 0.969 | 0.731 | 0.040 - - 0.992
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Equation Loading / Geotextile, roll $8.1 mm Geotextile, roll $11.3 mm
Unloading a b c d R® a b c d R?
Eq.4 Loading -1.07-10° | 1.07-10° [ 2.89:10°| - | 0.983 | 1.3052 [-1.3044[ 19.377 | - 0.996
Unloading 0.6912 -0.4832 6.209 - 0.998 | 0.8119 | -0.144 | 2.698 - 0.996
Eq.5 Loading -0.0039 0.915 11.983 | 1.995| 0.999 | -0.0041 | 2.2752 | 34.055 | 0.976| 0.995
Unloading 0.213 0.7559 5.171 |1.287| 0.997 | 0.6704 | 0.8153 | 2.017 |1.773| 0.995

Analysing the data in Table 2, it is clear that the mathematical function that has the best correlation
with the experimental data is the logistic function for which the values of the correlation coefficient R? are
higher (over 0.992 in all analysed cases). However, all four functions used in the regression analysis shows
very high values of the correlation coefficient.

Table 3
The dissipated energy (N-m) and the calculation error based on the mathematical relationship used

Nonwoven geotextile HDPE geomembrane
Dissipated energy N-m) Small roll Big roll Small roll Big roll Ball
By the linear equation (2) 1255x10” | 1354x10° | 37.16x10° | 269.35x10” | 380.19x 10
By the logistic equation (5) | 1271x10” | 1352x10° | 38.55x10° | 291.45x10™ | 395.92x 10™
Calculation error g (%) 1.26 0.15 3.60 7.58 3.97

CONCLUSIONS

Geotextiles are widely used in the construction of waste landfills. Among them, the HDPE
geomembranes are especially used for sealing the bottom and for the final coating of the deposit. These
geomembranes are sensitive to mechanical actions of the weights acting on them and of the blunt bodies
inside the materials with which they are in contact. Therefore, protective geotextiles are used for their
protection, who’'s mass per unit area is chosen depending on the specific type of land.

Therefore, the compressive strength of the two geosynthetics is particularly important and needs to
be determined, both in the field and in the laboratory, whether the manufacturer's technical features are
known or not.

Several conclusions result from our measurements, such as:

geosynthetics deformation under the action of compressive stresses is an elastic-plastic
deformation between 1.6 — 2 mm for the pressure forces of 185 — 360 kPa in case of 4.7 mm
protective geotextiles and a weight of 500 g/mz;

geomembrane deformation is much smaller compared with geotextile, with values of about 0.10 —
0.40 mm, for pressure forces of 205 — 398 kPa;

the recovery degree of the geotextile (after about 1 minute) is much smaller compared to that of
the geomembrane, in our determinations is in the range of 65 — 70% for the geotextile and 20 —
36% for the geomembrane, depending on the loading force and pressure device used;

the shape of the pressure device on geosynthetics material is very important and, thus, of the
objects with which it comes into contact, being transposed into different loading pressure of the
various contact surfaces for the same loading degree;

when using of a spherical ball-type pressure device, the penetration depth into the material has
been much higher for the geomembrane compared to cylindrical-type pressure devices (about 1.7
— 6.7 times over);

the return of geosynthetics material deformation occurs on a curve other than the loading one, due
to its elastic-plastic behaviour, which results in the manifestation of the hysteresis phenomenon;
lost or dissipated energy in the material is much higher for the geotextile, between 3 — 30 times
over, in comparison with the geomembrane, at the same loading degree;

both loading and recovery of the material has not necessarily a linear trajectory, but being closer
to it in case of loading, when the deformation is approximately proportional to the pressure force;
the regression analysis with the linear function showed a correlation coefficient R? over 0.980 at
loading and between 0.759 — 0.951 at unloading, for all samples, except in tests with the conical

tip;
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the mathematical function with the best correlation of the experimental data was logistic function,
which showed a correlation coefficient R* = 0.991, both for loading and unloading curves;
utilisation of the linear and logistic functions in regression analysis leads to errors in the verification
of the dissipated energy in the material from 0.15% to 7.58%, which shows that it is very important
to choose the proper law of variation of the deformation depending on the pressure force, in order
to estimate the dissipated energy.

Therefore, knowing the strength characteristics of geosynthetics is particularly important for

designers and builders of ecological landfills, thus the success in operation is consistent with the
environmental protection laws, and the data presented in our paper can be particularly useful in this
sense.
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ABSTRACT

The article presents the justification of rational parameters of the operating parts of a
pneumoconveyor screw. The dependences of pressure screw efficiency on the change in design and
kinematic parameters and process variables of a screw and on loose material characteristics have been
considered. In addition, general analysis of the choice substantiation of a feeder pressure screw diameter
and the cross-sectional area of a hopper loading opening, which provides the required efficiency of a
pneumoconveyor screw, has been conducted.

PE3IOME

B cmammi HaeeGeHO 0b6rpyHmMygsaHHs pauioHabHUX napamempie poboqux opaaHie MHeMOo-
WHeKoso2o mpaHcropmepa. [NpedcmaesneHo 3anexHocmi nPodyKmueHOCMI HamipHO20 WHeKa 8i0 3MiHu
KOHCMPYKMUBHO-KIHEMamuyHUX | MEeXHO/02iYHUX rapamMempie WHeka ma ernacmueocmel Curnkoeo
mamepiany. Takox nposedeHo obrpyHmyeaHHs1 subopy Oiamempa HanipHo20 WHEKa XueUsilbHUKa ma
nowi nornepevyHo20 nepepisy 3asaHMaxysanbHo20 omeopy byHkepa, rpu sikomy 6yde 3abesnedyysamucsi
HeobxiOHa MpodyKmueHicmb NMHEMO-UWHEKOB020 mpaHciopmepa.

INTRODUCTION

The conducted analysis on the state of current technologies and the review of recent scientific and
patent literature, which cover the design of machinery and mechanisms for conveying loose materials
along curvilinear routes (Lyashuk O.L., et.al., 2015; Rogatynska O. et.al., 2015; Rohatynskyi R.M. et.al.,
2016) shows that they satisfy most of the requirements to a certain extent, but most of the designed
operating parts of conveyers perform not only translational axial movement of material, but they also
perform rotary motion, which causes material damage and reduces the efficiency of such mechanisms.
This paper is the follow-on study to the work, covered in papers (Hevko R.B. et.al., 2009; Hevko R.B. et.al.,
2014; Hevko R.B. and Klendiy O.M., 2014; Hevko R.B. et.al.,, 2016), and is aimed at improving the
efficiency of pneumoconveyor screw in order to provide loose material flow along technological lines of
various space configurations applying power-operated material feed by means of a screw feeder and
additional pneumatic reinforcement. The developed designs of pneumoconveyor screws have been
patented (Hevko R.B. et.al.,, 2011; Halka R.l., 2001; Hevko R.B. et.al,, 2012). When doing theoretical
research, we were based on the approaches set out in the work (Voityuk V.M., 2005).

MATERIALS AND METHODS

In order to formalize loose material transportation process and further substantiate the rational
parameters of a pneumoconveyor screw operating elements, let us consider its flow-sheet, presented in
Fig.1.

The main system points of a pneumoconveyor screw are: a screw feeder 1 and a pneumoconveyor
screw 2. A screw feeder consists of a loading hopper 3, which has a loading opener 4 in its underflow and
a screw 5, which is made in the form of an axle 6 with spiral flights 7. A pneumoconveyor consists of a
pneumatic nozzle section 8 and a pneumatic pipeline 9.

The technological process is the following. Loose material from a loading hopper 3 of a screw feeder
1 is emptied on a screw 5 through a loading opening 4. Screw flights 7 convey loose material to the outlet
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end of a screw and further to the initial pneumoconveyor 2 coverage. By means of high-pressure air, a
pneumoconveyor transports loose material through a pneumatic nozzle section 8 into a pneumatic pipeline
9. In order to provide effective transportation of loose materials in a flexible casing (it is not shown in Fig.1),
the guides, which are equally-spaced on a circle of a nozzle, are directed along with material movement.
Thus, the process of material transportation is provided due to its forced feed by a feeder and further
pneumatic pressure.

3

BN

Qz

(V)]
A\
+
=
N
T
im)
Dn

Fig.1 - Atechnological process flow-sheet of pneumoconveyor screw operation
1 —screw feeder; 2 —-pneumoconveyor; 3 —loading hopper; 4 —loading opener; 5 —screw; 6 — screw axle;
7 —screw flight; 8 —pneumatic nozzle section; 9 —pneumatic pipeline

To formalize the pneumoconveyor screw operation, let as assume the following:

- cross sectional area of a loading opening is rectangular in shape and its sides equal to a, b;

- patterns of loose material movement in a loading hopper are given by overall patterns of loose
materials free outflow from a tank; here, material consumption through a loading opening is done in the
process of its flowing down into a funnel at an angle of a natural slope before the height breakdown time of
a dynamic unloading bridge;

- loose material consumption through a loading opening to screw flights in total is not less than the
screw efficiency.

Justification of the operating elements parameters of a pneumoconveyor screw is based on the
analysis of the technological material flow along the surface of the main element of a screw feeder
structure. Design and kinematic parameters of a screw and dimensional specifications of a
pneumoconveyor screw, which is formed by a pneumatic nozzle section and a pneumatic pipeline, have
been interrelated based on the analytical analysis of the required capacity or design efficiency of a
pneumoconveyor screw.

In total, the efficiency of a pneumoconveyor screw is regulated by the efficiency of its last basic
block, namely, by the efficiency of a pneumatic conveyor, which, in its turn, is functionally dependent on
the efficiency of a screw and, respectively, on loose material consumption through the opening of a loading
hopper.

Let us set cross-sectional area of a loading opening 4 by S, (sm?); loose material consumption
through opening 4 or per-second feeding of loose material to the flights 7 of a screw 5 is denoted by Q,
(ka/s); Q, (kg/s) stands for screw efficiency; pneumoconveyor efficiency is denoted by Q, (kg/s).

Then, it is possible to provide efficient operation of a pneumoconveyor screw under the following
condition:

Q< <Q, 1)

According to (Voityuk V.M., 2005), loose material consumption Q, (kg/s) through a hopper opening
and the made assumption are determined from the following formula:

1.47k_pS_4/r
_ n 0\/_2 2)

Tt
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where: k, — coefficient of resistance; p — bulk weight of loose material, kg/sm®;. r, — composite radius of
the opening, m; f — coefficient of internal friction.

In a general case of load transportation, in order to determine the efficiency of screw conveyers Q
the following dependences are used:

Q=pFV, ®)

where: F — cross-sectional area of material flow, m?% V, average velocity of flow, m/s; p — load bulk
weight, kg/ms.

Here, the cross-sectional area of material flow F is determined from the flow area of a screw F,
and space filling coefficient of a trough ¢, , or

Q= 0.257r(kaC7/(D2 —d 2) 4)

where: ¢, — space filling coefficient of a screw; D—screw diameter, m; d—diameter of a screw beater, m.

In this case, average velocity V. of axial movement of loose material by a pressure screw can be
rationally determined using a correction coefficient, which takes into account V, reduction relative to

theoretical velocity of axial movement of screw flights V,,, or slip coefficient k, , which regulates the

reduction in the design capacity of a pressure screw as consequence of the friction of loose material
particles on the surface of its constructional elements

T'w Tk, d d
Ve =Viki ==k =2—;d—f=o,5kk[Dtg(45° —05a )_5n ]d_f (5)

where T’ is determined as the difference between the last pressure flight pitch T, and its thickness;
ﬂ’=45°—0.5ak— a helix angle of the last pressure flight screw, deg.; «,—angle of friction from loose

material slipping on helical surface of a flight screw, deg.; J,—thickness of the last pressure flight screw, m.

Then, according to (4) and (5), the efficiency of a pressure screw is determined by the following
formula

Q =0.125mp,k, p(D? —d? |Dig(45° ~0.5¢, )5, ]z—(f (6)

The efficiency of screw conveyers depends to a great extent on the value of a space filling
coefficient of a pressure screw ¢, , which is one of the main criterion (together with screw diameter and its

angular velocity). That is why, when calculating the desired maximum capacity of a pressure screw it is
important to take into account the volume of flights in the overall space of a screw.

For this purpose, let us introduce the coefficient, which is denoted as k, ; here k, is formulated as
the relation of the effective volume with the overall volume of a pressure screw inter-flight space, namely:

K, =V, IV,; V=V, =V, or k, =1-V, IV, (7)

where V, — volume of inter-flight space, m3; V, =F,, —overall volume of inter-flight space, m3;
F, :0,25(D2 —dz) — cross-sectional area of a screw, m% |, — length of a pressure pump, m; V, =V,z, —
overall space occupied by flights, m?; V, =F,l, — volume, which is occupied by the flights of one screw
entry, m*; F, =8,h, — cross-sectional area of a flight screw blade, m? I, —length of a helical line over

mean screw diameter, m; h, :0.5(D—d)—height of a flight screw blade, m; z, —number of screw entries,

pc.
The length of a helical line over mean screw diameter |, is determined by the following dependence:

7z|n(D+d)

l, = o o0s arctg 2T _ 0.51,(D +d )cos arctg 2mt9f (8)

D+d Dtgs D+d

Then, taking into consideration (7) and (8), after transformation and simplification, the coefficient k,
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is determined by the following formula:

1 5.2, cos arcig 20 (45° - 0.5¢, )
) D+d

z - 0 (9)
Dtg(45° - 0.5¢,

Taking into account k,, actual value of a space filling coefficient of a pressure screw ¢, is

determined as ¢, =@k, , or

0
5.2, 27Dtg(45° - 0,50, )}Dk (10

=1- cos arcti
P { Dtg{45° ~ 050, ) 9 bid

In fact, in the process of practical implementation of loose material transportation by a screw, the
value of a space filling coefficient of a pressure screw ¢, is not constant and mainly depends on the

uniformity of granular loose material flow from a loading hopper and on other factors as well, for example
on dimensional features of material, its moisture content, ability of firming material particles during their
conveying by a screw and so on.

A slip coefficient Kk, depends on many factors, such as a helix angle of flights winding, a screw

diameter, a coefficient of loose material compacting by a screw, etc. and is determined by the following
formula:

k = kﬁky (11)
where kﬂ, ky — respectively, the coefficients, which show the influence of a helix angle S’ over a mean
radius of the last pressure flight screw, compacting coefficient of a screw and a screw diameter D on a slip
coefficient K, .

Having substituted the values from formulas (10) and (11), in (6) we obtain a dependence needed
for determination of the required design efficiency Q, (kg/s) of a pressure screw:

Q, =0.1257p,k k, p(D? —d? |Dtg(45° —0,5¢, )- 5, |x

22Dty (45° — 0.5, )} do (12)

x| 1 OnZy cos arctg
dt

~ Dtg(45° —0.54,) D+d
For practical implementation, when calculating design efficiency of a pressure screw Ql' (kals),

N . . d n .
taking into consideration, that d—f:a):%, where n - rotation frequency of a screw (rpm), the

dependence (12) may be written as:

Q[ =0.257ng.k k, p(D? —d? |Dtg(45° —0.5¢, )5, |x

o_ (13)
i 50t cos arcig 22210 (45° —0.5¢, )
Dtg(45° - 0.5¢, ) D+d

or, when determining Q; (t/h), it may be written as:
Q'=0.0157°ng,k k, p(D? —d? |Dtg(45° —0.5¢, )5, |

5.2, 27Dty (45° —0.5¢, ) | (14
x| 1— 0 cos arctg
Dtg(45° —0.5¢, ) D+d

RESULTS
Change dependences of pressure screw efficiency Q; on its diameter D and rotation frequency of a

screw n as functional Qf=f(D,n) at ¢ =1, k,=08; k,=13; d=05D, o =0522 rad z=1,
6=0.02 m, p=1300kg/m® and on bulk material weight p and rotation frequency of a screw n as

functional Q= f(p,n) for D=0.15 m have been graphed (according to 14) in the form of surfaces and
their two-dimensional sections, which are illustrated in Fig. 2 and Fig. 3 respectively.
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Fig. 2 - Change dependence of pressure screw efficiency Q; on its diameter D

and rotation frequency of a screw n as functional Qf = f(D,n)
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Fig. 3 - Change dependence of pressure screw efficiency Q; on bulk material weight p

and rotation frequency of a screw n as functional Q= f(p,n)

The analysis of the surfaces reveals, that pressure screw efficiency Qi changes within the range of
0.4...32 (t/h) depending on the change in design and kinematic parameters and process variables of a
screw and on loose material characteristics within the following limits: screw diameter D=0.1...0.2 (m);
rotation frequency of a screw n=100...1000 (rpm); bulk material weight p = 900...1500 (kg/m3).

General tendency of the change in pressure screw efficiency Qi depending on rotation frequency of

a screw n at specified limits of screw diameter D variation and at p=1300 kg/m3 is represented by
characteristic curves in Fig. 4, a, and depending on bulk material weight p within the specified variation
limits of rotation frequency of a screw n and at D=0.15 m is represented by characteristic curves, which are
shown in Fig.4, b. The change in pressure screw efficiency Q; depending on rotation frequency of a screw

n and bulk weight of loose material p is described by a linear function and is of directly proportional
character. The main values of Q; are within the range of Q;/=1.2...28.6 and Q;/=2.3...11.9 (th).

In order to determine the required design diameter D (cm) of a pressure screw, the values of which
provide transportation of loose material, which comes from a loading opening 4 of a hopper 5 of a screw
feeder 1, let us write condition (1) according to (12) as:

Q, <0.1257p,k k,p(D? —d? |Dtg(45° —0.5¢, )5, |

O _
5.2, cos arcig 22219 (45°~05¢, )| do
) D-+d dt

(15)
x[1-
{ Dig(45° - 0.5¢,
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Fig. 4 - Change dependence of pressure screw efficiency Q; :
a— on rotation frequency N of a screw at p=1300 kg/m’ as functional Ql” =f (n) ;

b — on bulk material weight p at D=0.15 m as functional Ql" =f(p)

After transformation (15) and according to (2), (9) we obtain:

1.47k.S
D%gp - D%, — Dd*tgp +d’s, — \/_ (16)

where A=0.125zp,k k K, .

According to formula (9), the value of coefficient k, has been determined in relation to the number of

screw entries Zp , at design values J, =0,002 m, d =0,45D and / =0.26 rad (Table 1).

Table 1
Value of coefficient k, depending on pressure screw design parameters
Number of entries 1 2
Screw diameter, m 12 16 20 12 16 20
k, 0.999 0.996 0.992 0.988 0.984 0.979

The obtained dependence (16) is the equation of the third degree relative to the diameter D of a
pressure screw. Firstly, let us reduce it to a canonical form by dividing each term of the dependence by

tgp .

1.47k.S,
D°-D? 20 _pd?4+d? 2o \(/j— 17)
9p tgﬂ Atgﬂ\/_ (/)
Let us set the following in equation (17) rz—f—;g; s=—d?;  _ 14 147k ST, | and let us
g tgp A\/Tdﬁ
dt
replace unknown y = D+(r/3), here canonical form of the equation is brought into a reduced equation by
2 3
the replacement of D= y—(r/3) , Where p= 3 3r , q:%—r—;ﬂ , according to (Hevko R.B.

et.al., 2016).
Here, we obtain:

D®+rD?+sD+t>0; Y +py+q=0;
(18)

RN B PN P R

PTags T Tags|t T A rde g
dt

Let us determine the discriminant D’ of the reduced cubic equation (18), here
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2
2 8 3
2.2k S 4
D!:(p/3)3+(q/2)2 1 (5_d2tgzﬂj +} dZé‘n_ n 0\/E_ 5n >0 (19)

atg’p| 3( 3 Aﬁ%f 9tg’B

That is to say, in this case equation (18) possesses one real solution of unknown in a reduced cubic
equation y3 + py+q=>0.

The reduced cubic equation y*+py+q=>0 in unknown y is solved using Cardano formula and
D’
D3+rD?+sD+t>0 is greater than zero, that is to say D’ > 0, we obtain one real solution of unknown y

taking into account that the discriminant of the canonical form of cubic equation (18)

by the expression y =u+uv, where u:ﬁ/—(q/2)+ D', u:ﬁ/—(q/Z)—\/E , that is to say

2
2 3 3
2.2k S
;(i)”—dztgzﬂJ +0.5 d2%5, - d\[ 9t5n2 _
3 S
o 22ksf
4o+ — (20)
A\/7 (P 9tg,3
y> ﬁl
3 3tgﬂ ’2 2knso\/t d25 _
A\/*d(ﬂ 9tg,B "
+ 2
2 3 3
2.2k S
= (% gugrp) o azs, - 22N o
3( 3 A\fdw otg?ps

Using inverse substitution of value D:y—(r/3) into inequality (18), taking into consideration
dependence (20), and substituting value A after corresponding calculations, let us determine a design
value of the required diameter of a pressure screw D (cm) of a feeder:

*

3

o3

52
3

—d%5, +

3
d?tg ﬂj +05[d25n— 528k, S.4/1,

528k, S, 4/,

53

2
’ n(pkkﬂkykzﬁ_gtgz,BJ B

7’k k kz\/T 9tg B

>
339

| 528k S, 4T,

2

1)

3tgp’

(21)

-d?%s
T n(okkﬂkykz\/? 9tg 23 "

1 (s 528k S, 4T, &
- d’g’s +05 d’s, —— -—
33 gk k k[ 9tg?B

The obtained equation (21) describes a change in the required design diameter D of a feeder
pressure screw depending on design parameters of a hopper loading opening, process parameters of a
screw and loose material characteristics and the process of its transportation.

In order to determine the required design diameter D of a feeder pressure screw, the surface of

change dependence of D and its two-dimensional section on the cross-sectional area S, of a hopper

+

loading opening of a screw feeder and rotation frequency of a screw n have been constructed in the form
of a functional D= f(S,,n) (Fig. 5) and the surface of change dependence of D and its two-dimensional
section on rotation frequency of a screw n and a helix angle § have been constructed in the form of a

functional D= f(n,Z) (Fig. 6) at average values f =05, d=001 m, k, =0.984 (Table 1.), f=7/12
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Fig. 5 - Change dependence of a screw diameter D on opening area S,

and rotation frequency of a screw n as a functional D = f(S,,n)

The analysis of the presented surfaces and their two-dimensional sections of the dependences
D=f(S,.n) and D= f(n,B) shows that with the increase in rotation frequency of a screw n from 100 to
1000 min™ (Fig. 6) and a helix angle 8 from /18 rad (or 10 deg) to 77/9 rad (or 20 deg) the diameter D of
conveyor pressure screw decreases and is within the range of D = 0.15...0.36 (m), which is also confirmed
by characteristic curves D= f(n) and D= f(£), which are represented in Fig. 7.

Besides, diameter D change of a pressure screw depending on the change of the cross-sectional

area S, of a hopper opening is of minor nature, here, when S, increases from 100 to 224 cm? (Fig. 5, 7, a),
increment AD = 0.01...0.02 m
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Fig. 6 - Change dependence of a screw diameter D on rotation frequency of a screw n
and a helix angle B as a functional D= f(n,z)

The conducted general analysis of the justification of a pressure screw feeder diameter D has shown
that design values of D are within the range of D =0.15...0.36 (m) at variations of rotation frequency of a

screw being 100 < n <1000 (rpm) and a helix angle being 0.17 < #<0.34 (rad).
The required cross-sectional area S, of a loading opening of a hopper, at which the desired
efficiency of a screw feeder can be obtained, is determined from equation (16)
d
AJT (D%gB - DS, - Dd*tg s +d2s, )2
S < dt 22)

° 147k 4fr,

or
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o 00037 gk kk JT(D%tgp-D%s, - Dd*tgB +d?s,) o9
0= kn4\/r—z
or according to (1), (2)
s < QA (24)
T 147 pk, 4,
D m D, m
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a) b)
Fig. 7 - Dependence of screw diameter change D
a — on rotation frequency of ascrew n at =7 /12 rad as a functional D = f(n), 1, 2, 3, 4 — respectively,
Sy =100,140, 180, 220 (10™ m?); b —on a helix angle S at Sy = 160-10" m* as a functional D = f( 5),
1, 2, 3, 4 — respectively, N =400, 700, 1000 (rpm")

According to equations (23) and (24), change dependence of the cross-sectional area S, of a feeder
hopper loading opening on screw efficiency Q; and a screw diameter D, the limits of which are determined

5,107 m?
420 , | ‘ -
< //

from the previous analysis, has been constructed (Fig. 8).

s, 107 m?
270

220 260
170 200
120 210
70 130
20 | | | | 50
0.06 0.17 028 039 05 Q", th 014 016 018 02 022 Dm

a) b)
Fig. 8 - Change dependence of loading opening area Sy
a — on screw efficiency Q1~ 1,2, 3, 4 — at p=900; 1100; 1300; 1500 kg/m® respectively;
b — on screw diameter D, at n=100, 300, 700, 1000 rpm respectively

The cross-sectional area S, of an opening, which provides the required loose material consumption
through the feeder hopper loading opening of pneumoconveyor screw, is within the range of 70...250 (10'4
mz) and provides designed screw capacity within the limits of 2,0...9,0 t/h (Fig. 8, a). At screw diameter
variation within the range of D= 0.15...0.22 (m), cross-sectional area S, of an opening should be

approximately from 70 to 350 (10 m?) (Fig. 8, b).

CONCLUSIONS
Based on the conducted constructive and technological analysis of a pressure pump operation

process and under the condition of provided technological effectiveness of pneumoconveyor screw, a
mathematical model, which describes a change in operation efficiency and loose material consumption
through a screw feeder hopper depending on design and kinematic parameters and process variables of a

screw and on loose material characteristics, has been obtained.
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It has been determined that screw feeder efficiency Q; changes within the range of 0.4...32 (t/h)

depending on process variations within the following limits: a screw diameter D= 0.1...0.2 (m); rotation
frequency of a screw n = 100...1000 (min™"); bulk weight of loose material p= 900...1500 (kg/m®). A change

in feeder efficiency Q; depending on its rotation frequency and bulk weight of loose material p is described
by a linear function and is of directly proportional character, while the values of Q; are within the range of

Q!=1.2...28.6 and Q/=2.3...11.9 (t/h).

Under the condition of proper operation of a screw feeder, the dependence for determining the
required screw diameter, which can provide loose material consumption from a hopper to a screw has been
developed. Here, it has been determined that the values of D are within the limits of D= 0.15...0.36 (m) at
the variations of screw rotation frequency being 100< n <1000 (rpm) and screw helix angle being 0.17<
<0.34 (rad).

The cross-sectional area of a feeder hopper opening S, should be within the limits of 70...250 (10™
m?) and it provides the required screw efficiency within the range of 0.1...0.5 t/h. At diameter change within
the limits of D= 0.15...0.22 (m), cross-sectional area S, of an opening should range from 70 to 350 (10'4
m2).
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ABSTRACT

The article shows the technological scheme and the implementation of structural vibration equipment
for complex processing of bulk premix ingredients in the manufacturing of high active premix based on
natural ingredients. To intensify the process of dissolution of premix ingredients by biologically active
environment and to minimize the time for reaching their maximum concentration in the body, it is proposed to
carry out targeted mechanical activation, which allows increasing the dispersion of the material significantly,
generating more soluble polymorphic modifications with the active destruction of the crystal lattice of the
treated material to its full amorphization.

PE3IOME

B cmammi 8iGobpaxeHO mexHOs02iuHi cXeMu ma KOHCMPYKmMuUHy peasisauito gibpayiliHux mMawuH
Or151 KOM/1EKCHOI 06POBKU CUMKUX KOMIOHEHMI8 MPEMIKCY rnpu 8UpObHUUMEI 8UCOKOaKMUBHUX CymMiwel Ha
OCHO8I NnPUPOOHUX iHepedieHmis. [nsi iHmMeHcugikauil npouecy 3ac80EHHSIX KOMIMOHeHMI8 b6ionoeiyHo
akmugHum cepedosuwiem ma MiHimisauji 4acy 0551 Q0CsieHEeHHS iX MaKCuMasibHOI KOHUeHmpauii 8 op2aHiami,
npornoHyemscs 30iliCHI8amu Uinbo8y MexaHoakmueauito, Wo Hadae Moxugicmb 3Ha4yHO 36inbwumu
oucriepcHicmb 06pobritogaHo20 Mamepiarny, 2eHepyroYdu binbuw PO34UHHI NoniMopgHi Modudbikauii 3a ymosu

INTRODUCTION

One of the most important areas of research in physical chemistry is to link the reactivity of the
reagents with their structure and conditions of the chemical reaction. Increasing solubility dosage forms is
one of the most important issues, as 40% of premix substances are difficult to solubilise, and of newly
synthesized substances up to 60% have low solubility in water and aqueous solutions.

Nowadays a recognized fact for solid-phase reagents is that the reactivity depends on their structure,
including the presence of different kinds of micro defects. Among the methods for acquiring this condition
with substantial degradation of the crystalline material is grating target mechanical activation, which received
wide development as a way to regulate the reactivity of solid materials that come in a variety of chemical
reactions.

MATERIALS AND METHODS

Growing consumer demand for premix particulate mixture of natural origin and benefits of their use
cause expansion of industrial dosage forms production data (see fig.1).

One of the most important stages of the production process of premix compounds is grinding plant
with gradual sifting and bringing it to a smooth consistency with additional premix ingredients by mixing. Last
comes to the production as shallow dispersive loose bulks (Shakhtshneider T.P., 2013; ChueshovV.l., Hladuh
E.V., Saiko V., 2012).

Crumbly premix mixture is the basic foundation for the production of granules of drugs, the
consumption of which is the oral method and mostly depends on the parameters of the drug - physical and
chemical properties of raw speed of absorption and time to reach maximum concentration in the organism
(Sydorenko L.1., Kushnir A.Y., Baidzhanov S. M., 2015).

During the last three decades one of the most important criteria for assessing the quality
characteristics of oral medical facilities became their capacity for absorption by which a system of bio premix
classification was made, based on the latest solubility in the liquid and the permeability degree of the active
substance in the intestine wall.
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Fig. 1 - Technological scheme of complex premix compounds

The rate of dissolution of the raw material is characterized by the Neuees-Whitney equation (1):
d—C:SD(CS—C)/h (
dT

=

)

where j_-$ the rate of dissolution; S - dissolution of the surface area; D - diffusion coefficient; C, -

solubility substance; C - substance concentration at the time t, h- the thickness of the diffusion layer
adjacent to the surface of the solvent.

The analysis of the equation led to the conclusion that the intensification of the drugs dissolution
process is possible for a significant increase in the dispersion of the material and consequently the
contacting area of substance or by reducing the thickness of the diffusion layer (Cheney M.L., Weyna N.,
Shan M., Hanna L., Wojtas M.J., 2010).

The solubility of solids is a complex process that combines integrated communications gap between
the ions, atoms or molecules in the structure of soluble material and requires significant energy costs.

The higher the binding energy between the particles of the material, the better.

Simultaneously goes the interaction of particles with a solvent that is accompanied by the release of
energy. The energy intensity of the process comprehensively reflects the total energy expenditure associated
with the destruction of the molecular lattice, for intensive transfer of the active substance molecules in the
solution, and as a result solvation energy and entropy increases in the local system (2):

AHsolubility = AH destruction + AH solvation (2)

This equation shows that the molecular switch in solution can be intensified as a result of targeted
destruction of the crystal lattice of a solid, and as a result its complete amorphization.

As plant material for experimental treatment valerian root and mix herbs were chosen (see fig.2.).

A promising experimental drug for the treatment of aluminum silicate glauconite was used (see fig.3.),
which meets all the requirements to immune sorbents: inertia with respect to biological agents; stability
properties over a wide range; it is not destructed when exposed to microorganisms; high sorption capacity;
ability to covalent binding ligand as in the initial state as in the modification.
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by

Fig. 2 - The plant material before and after grinding
a,b — valerian root before and after grinding; c, d — gathering herbs before and after grinding

a)

Fig. 3 - glauconite before and after grinding
a — glauconite before grinding; b — glauconite after grinding

RESULTS

The current technology of bulk premix compounds, based on plant material has several
disadvantages, one of which is energy intensive phased implementation process, separation and mixing of
premix ingredients phytocomponents in separate powder mass (Lavrova L.Y., 2013; Nadutiy V.P., Titov A.A.,
2017).

To address these deficiencies a vibrocentrifugal shredder was developed (Dudnikov A.A., Belovod
A.l,, Pasyuta A.G., 2015); it combines elements of a ball mill, mixer and sieve separator that provides
oscillating and rotating movements in two perpendicular planes.

Schematic diagram of vibrocentrifugal disintegrator and its constructive realization are shown in fig. 4.

Vibrocentrifugal shredder includes frame 1 and two main structural paths that are driven into motion by
electrical engine 2; they are interconnected by drive shaft 3, open bevel gear 4 and wedge-belt transmission
system 5.

The internal circuit of the disintegrator is composed of three-chambered working container 6, sieve
elements 7 and grinding bodies 8, pipes 9, 10, 11 respectively for supplying and discharging technology
environment, imbalance 12 to generate power imbalance systems elastic elements 13 between the container
and the rim 14, drive shaft rim 15 is placed on the support 16 nodes.

The external circuit includes the disintegrator hoop 14 with its drive shaft 15 that leads to the rotation
of the motor 2 through 5 wedge-belt gear axis 17 and open bevel gear 4. The carrier 18 is driven through the
hollow drive shaft 19, which, with the help of wedge-belt through transmission 20 is connected to the motor
2.

This design works as follows: after the required amount of raw materials is downloaded in the
corresponding proportions in the chamber for grinding and mixing, we switch on the electric motor 2, 6 and
drive the container carrier 18.

The torque from the electric motor 2 through the wedge-belt gear 5 and bevel gear 4 creates rotation
of the rim 14 and of the imbalance 12 and drives 18 relative to the perpendicular axes. Rotating of the
imbalance leads to spatial fluctuations of spring-loaded three-chambered drum 6 together with the loaded
raw materials and grinding bodies 8 in the form of metal balls or ceramic elements. This leads to the crushing
of the treated mass.

With decreasing particle size of the crushed material under the influence of centrifugal forces and
alternating loads through sieve surface, their classification by size is performed: the particle diameter equal
to or smaller than sieve openings fall in the mixing compartment, others go to re-grinding.
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This combination of technology and the intensification of structural factors make it possible to
significantly increase the destruction degree of particles with subsequent mixing of additional components,
making complex effect on the work environment.
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Fig. 4 - Vibrocentrifugal disintegrator for the production of premix mixtures:
a) schematic diagram;  b) constructive realization;
1 - bed; 2 - electric; 3, 15, 19 - drive shafts; 4 - conical transmission;5, 20 - wedge-belt transmission;
6 - three-chambered container; 7 - sieve elements; 8 - crushing balls; 9, 10, 11 - pipes; 12 — unbalanced weight;
13 - elastic elements; 14 - hoop; 16 - bearing components; 17 - axis; 18 - drives

Modern trends in premix complex based on implementing highly efficient methods to change the
substance structure are based on the facts that they provide the process of mechanical activation, which is
characterized by a significant increase in the dispersion of the material and helps generating more soluble
polymorphs. This process intensifies the distribution of drugs in the media, but also contributes to a
significant degradation of the material crystal lattice to its full amorphization.

This technological effect is advisable to use for the production of entero- and immunosorbent
glauconite powder, which makes it possible to intensify the process of binding and separation of blood
antibodies or antigens.

Glauconite, a natural aluminosilicate meets all the requirements to imunosorbents: inertia with respect
to biological agents; stability of properties over a wide range; it is not subject to destruction when exposed to
microorganisms; high sorption capacity; ability to covalent binding ligand in the initial state and in the
modified one.

Based on the analysis of manufacturing processes and design schemes of existing equipment for the
fine grinding process (Poluljakh D. A, 2017; Kuzo 1.V., Lanets O.S., Gursky V.M., Shpak Y.V., 2015), the
vibratory mill was developed, which implements the idea of superfine grinding of glauconitic material and it
provides significant activation of the newly formed particles surface.

Schematic diagram of a vibrating mill volume fluctuations and its constructive realization are shown in
fig. 5.

The vibrating mill contains two main structural contours, which are driven by an electric motor 1, which
are interconnected by elastic elements 2, 3, bearing units 4, 5, and a spindle 6, with an angle of inclination 6
which is regulated by screws 7.

Such rotating technological movement of the mill’'s executive body makes it possible to significantly
increase the force influence of the crushing balls on the processing material, and as a result it helps
increasing the productivity and quality of the specified process.
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The inner contour of the mill is composed of: elastic coupling 8 and a kinematic drive shaft 9 with
eccentricity e and balancing masses 10 to create a combined power and momentary imbalance of the
system.

5 7 5 2 6 18 17 12

74

5]

0 9 7 N4 \2 7

Fig. 5 - Vibration mill for glauconite
a) schematic diagram; b) constructive realization; 1 - electric motor; 2, 3 - elastic elements 4,5 - bearing assemblies;
6 - gyrations sleeve; 7 - adjusting bolts 8 - elastic sleeve; 9 - kinematic drive shaft; 10 - balancing weight;
11-frame; 12 - cylindrical container; 13 separation elements; 14 - crushing balls;
15 16 - pipes for loading and unloading the surface of the material; 17 - drive platform; 18 - bearing.

The outer contour of the mill contains the frame 11, cylindrical container 12 with perforating elements
13 and 14 crushing balls, pipes 15, 16 for loading and unloading of the surface of the material, the drive
platform 17 and bearing 18.

Vibration mill works as follows:

If you put the motor 1 torque with the help of elastic sleeve 8 it will transmit to the kinematic drive
shaft 9 with eccentricity e and balancing masses 10 by rotation which is rolling the bearing 18 to relatively
graceful sleeve 6 forcing through the drive platform 17 at the same time to carry out horizontal vibrations and
graceful movement of spring-loaded cylindrical containers 12 together with 14 manufacturing crushing balls
material that is continuously supplied through pipes 15 and as a result of crushing balls 14 force through
pipes 16 is discharged from the mill.

The proposed construction implements the idea of a combined interaction of the containers vibration
motion with the possibility to realize the milling process, which is provided by the highly dynamic condition of
the crushing balls.

Today, one of the most common dosage forms in the world are forms for pre-oral usage, most of
which are in the solid state and their active interaction with the body starts as a result of dissolution of premix
ingredients and subsequent penetration of the active substance through the mucous membrane of the
gastrointestinal tract.

The analysis considered approach shows that significant reduction in particle size, more soluble
polymorphs, and distribution of drugs and the destruction of the crystal lattice of the complete amorphization
may be implemented with the help of energy-mechanical and chemical processing methods of premix raw
materials that can be implemented by energy-mechanical processing methods of premix substances
(Shakhtshneider T.P., 2013).

This task can be implemented by creating vibrating mills, including plant material, which is provided
by oscillating movement of preconceived milling blends of camera that are performed in two parallel placed
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cylindrical containers placed at an angle to the horizontal pipe that connects the transition to the effective
transport of the crushed plant matter (Solona O.V., Yanovych V.P., 2016).

Fig.6 presents a schematic diagram and the implementation of mill structural vibration for plant
material

a)

Fig. 6 - Vibrating mill for plant material
a) schematic diagram; b) constructive realization; 1 - electric motor; 2 - flexible coupling; 3 - a power shaft; 4 - imbalance;
5.6 - cylindrical container; 5, 8 - transitional tubes; 8 — crushing balls; 9 - elastic elements; 10 - crosspiece;
11, 12 - tubes for supplying and discharging the treated material

Vibrating electric mill that has 1, 2 elastic coupling, connected to the drive shaft 3 on which is placed
imbalance 4 of the grinding chamber performed as two parallel cylindrical containers 5, 6 placed at an angle
a and B to the horizon, which joined the transitional pipe 7 and complete crushing balls 8, the elastic
elements 9, arms 10 tubes 11 and 12 respectively for feeding and unloading material.

Vibration mill works as follows: the motor 1 through flexible coupling 2, transmits the torque to the
drive shaft 3 with imbalance 4, by rotation as tightly as traverse 10 is placed and it creates a combined power
and vibration of unbalanced milling mixture made of cylindrical containers 5, 6 and transition pipe 7, that in
their turn are filled with crushing balls 8 and helical milling chamber. Processing material which is
continuously supplied through the loading pipe 11 is actively grained as a result of force of crushing balls 8 in
spiral trajectories and it is transported to the pipe 12 to unloading out of the vibration mill.

This type of fluctuation of the pouring medium provided by the working chamber can significantly
increase the effect of process capacity and the transport speed of the filler, as well as increase the
productivity and quality of the intended process.

To activate the mechanical auxiliary components tablet form (lactose, talc) vibratory mill was
developed , in which by changing the design of drive mechanism, the intensification of material grinding is
achieved and quality milling of weight minimize energy consumption (Chueshov V.I., Hladuh E.V., Saiko I.V.,
2012).

Schematic diagram of angular oscillation of vibration mill is shown in fig. 7.a, and there is its
constructive realization in fig. 7.b.

The vibrating mill contains an electric motor 1, an elastic coupling 2, a drive shaft 3 which has
imbalance 4, which in turn, through the bearing unit 5, is mounted locally to the rod 6 at the prop side end of
which is counterbalanced 7, spring-loaded grinding chambers 8 are connected by traversing 9 and
equilibrium on the central axis 10, which is located on the racks 11, the pipes 12 and 13, respectively, for
feeding and unloading.

If you switch on the motor torque 1 through elastic coupling 2 it is transmitted to the drive shaft 3 of
imbalance 4, its rotation leads to the creation of a combined power and torque imbalance of the rod 6, which
is a consequence of moving the central fastening and inertial influence counterweight 7, it causes the
appearance of angular oscillations, as a result traverse connection 9 through the central axis 10, which are
transmitted to the spring-loaded grinding chamber 8.
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a) b)
Fig. 7 - Vibration mill of volume oscillations
a) schematic diagram; b) constructive realization;
1 - electric motor; 2 - elastic sleeve; 3 - drive shaft; 4 - imbalances; 5 - bearing assembly; 6 - pole;
7 - counterweight;8 - spring-loaded grinding chamber; 9 - arms; 10 - axis; 11 - racks;
12 13 - pipes respectively for feeding and unloading process environment

Such oscillating technological movement of the mill's executive bodies makes it possible to
significantly increase the force influence of the crushing balls on the processing material, and as a result it
helps increasing the productivity and quality of the specified process.

CONCLUSION

Based on the analysis of the technological features of manufacturing premix bulk mixtures based on
natural substances the following means were elaborated:

- Vibro-central shredder for complex implementation processes of crushing, separation of premix
ingredients, which combines elements of a ball mill, mixer and sieve separator that provide oscillating and
rotating movements in two perpendicular planes;

- Vibratory mill for the production of mechanically activated entero - and immunosorbent glauconitic
powder application which makes it possible to significantly increase the degree of destruction of natural
aluminum silicate particles with substantial degradation of its molecular structure, and consequently to
increase its solubility and absorption of the active substance in the body;

- Vibratory mill for plant material, which provided a significant degradation of the material during its
processing by activating sorption properties of the original product;

- Vibratory mill for mechanical activation of auxiliary components of tablet form (lactose, talc) which, by
changing the design of drive mechanism, is achieved by intensifying the process of material grinding and the
quality of the milling machine by minimizing energy consumption.
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ABSTRACT

Effect of maturity time as colour on mechanical properties is important for long way transportation. In
this research, some physical and mechanical properties of beef tomato (Tybeef) grown in the Antalya region
were determined based on the puncture tests. The tests were carried out at four maturity stages namely
green, light pink, pink and red colour. Size and sphericity were measured using the standard methods.
Surface colour of tomatoes were determined using a colorimeter and the mechanical properties such as
puncture force and stress, puncture energy, deformation, strength and elastic modulus by texture analyser.
The puncture force and energy values were found different at 5% probability level for all the maturity stages.
Deformation, failure stress and toughness values were found different at 1% probability level for all the
maturity stages. Statistically, there is no difference in the modulus of elasticity values for all the maturity
stages. In conclusion, it was found that L*/a*/b* and C*/h colour parameter can be a good index for
evaluating mechanical properties of beef tomato.

OZET

Uzun yol tagimaciligi igin renk olarak olgunlasma zamaninin mekanik O6zellikleri (izerine etkisinin
bilinmesi olduk¢a 6nemlidir. Bu ¢alismada Antalya bélgesinde yetisen beef tipi (Tybeef) domates cesidinin
bazi fiziksel 6zellikleri ve delinme testi temel alinarak mekanik 6zellikleri belirlenmigtir. Denemeler 4 farkli
olgunlasma zamani olan yesil, acik pembe, pembe ve kirmizi renk domateslerde ydiritilmdstiir. Boyutlar ve
kiresellik standart metotlar kullanilarak &lglilmistiir. Domateslerin renkleri kolormetre cihazi ile delinme
kuvveti, dayanim, delinme enerjisi, deformasyon ve elastikiyet modiilii gibi mekanik &ézellikler ise tekstiir
analiz cihazi ile élgtlmustir. Tin olgunluk diizeyleri icin delinme kuvveti ve enerji degerleri istatistiksel olarak
%5 o©nem seviyesinde 6nemli bulunmusgtur. Ayrica Deformasyon, gerilme ve dayanim degerleri ise
istatistiksel olarak %1 6nem seviyesinde énemli bulunmugtur. Elastikiyet modiilii degerlerinde ise olgunluk
dizeyleri icin istatistiksel bir fark saptanmamistir. Sonug olarak L*/a*/b* ve C*/h gibi renk parametrelerinin
beef tipi domatesin mekanik 6zelliklerinin degerlendirilmesinde iyi bir gbsterge olabilecedi saptanmigtir.

INTRODUCTION

Tomato (Lycopercicomesculentum) is classified under subfamily of the Solanaceae. It (Lycopersicon
esculentum Mill.) is a self-fertile vegetable and one of the most popular vegetable crops grown all over the
world. It has a high amount of vitamin A and C, calcium, potassium and particularly lycopene which prevents
people against heart disease and cancer (Karacali 1.,1990; Rao and Agarwal, 2000). Additionally, tomato fruit
is one of the most consumed vegetables used as fresh, dried or processed for human nutrition and is of
secondary importance in its family (Delina and Mahendran, 2009).

The quality for agricultural products is generally evaluated under three attributes: texture, colour and
taste. Texture and colour are the most important factors that are determining the quality of tomatoes (Tijkens
and Evelo, 1994). Especially, the colour is an extremely important characteristic for tomato quality. The
mechanical properties of agricultural products are most conveniently measured by compression testing.
From this curve, a number of mechanical properties can be determined such as maximum force to rupture or
puncture, energy, stiffness and deformation (Fischer et al., 1969).
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Considering that low quality depends on the damages occurred during harvest and postharvest
processes, it is quite important to know textural properties of tomato to provide it to the market with minimum
damage (Batu A., 2004). The distance to the market plays an important role to determine the harvesting
time. If the market is close, the tomato can be harvested when their colour is red; on the contrary, if the
market is far, they must be harvested at an early maturity stage. From this point of view, the colour is the
preferential determining component (Ince et al., 2016). However, changes of Tybeef F1 tomato cultivar’s
textural properties depending on the maturity stage must be known.

Many studies focused on the results of the mechanization of tomato harvest, postharvest and grading
with respect to different types of mechanical damage (Hatton and Reeder, 1963; Sargent et al., 1989). In a
research, the factors that determine the puncture injury during handling were characterized (Desmet et al.,
2003). Therefore, many researchers’ studies on the textural properties of tomato have been published and
different methods have been used such as image processing, nuclear magnetic resonance, ultrasonic
technique, visible/near infrared and near infrared spectroscopy, which cannot measure the food texture
directly (Sirisomboon et al., 2012; Syabhrir et al., 2009).

For this reason, the aim of this study is to investigate the effects of maturity stages (green, light pink,
pink and red) on puncture force, deformation, toughness, failure stress, puncture energy and modulus of
elasticity of Tybeef F1 variety.

MATERIALS AND METHODS

The beef tomato variety used for all the experiments in this research was Tybeef F1. This variety of
tomato was grown and harvested in the greenhouse of the Bati Akdeniz Agriculture Research Institute at
Kocayatak, Antalya, Turkey on the 20th April, 2016.

The 45 samples were randomly selected from the harvested tomatoes of Tybeef F1. All analyses were
carried out at a room temperature of 20-21°C during the laboratory tests. All tests were made at Medicinal
and Aromatic Plants Central Laboratory of Bati Akdeniz Agriculture Research Institute in a texture analysis
device.

To determine the average size of the tomato fruits, two linear dimensions (length (L) and diameter (D))
were measured by using a digital caliper with accuracy of 0.01 mm, and the samples mass was determined
with an electronic balance of 0.1 g accuracy. The geometric diameter was calculated by considering Eq. (1),
(Mohsenin N.N., 1986):

D, = (LD?) (1)
where: Dg - geometric diameter, L - length, D-diameter (all in mm).

The sphericity, @ (%) and surface area S (mmz) were calculated by considering Egs. (2) and (3),

respectively (Mohsenin N.N., 1986):

$=-4x100 )
S=nD; (3)
where: @ - sphericity (%), S — surface area (mmz), Dg - geometric diameter, L — length

To determine the mechanical properties of the three tomato varieties in the compressive tests, a
biologic material test device was used (Fig. 1). A curve-ended cylindrical probe 2 mm in diameter was used
to compress the fruit at 10 mm/min loading velocity during all the tests (Anonymous, 1984).

Fig. 1 - Texture analysis device and puncture test

34



Vol. 54, No. 1 /2018 INMATEH — icultural

As shown in Figure 2, a typical force-deformation curve was obtained as the result of puncture test.
The puncture force, deformation, failure stress were determined by force-deformation curve while puncture
energy was obtained by measuring the area under the force-deformation curve.

Hardness (Q) was calculated by dividing the puncture force (F) by the deformation to the puncture
point (D), (Sirisomboon et al., 2007):

Q=5 (4)
The modulus of elasticity E in newton per square millimetre of the fruits test was calculated using
Boussinesq techniques as follows (Mohsenin N.N., 1986):
E=F(1-2%/d.AD.r (5)
where E is the modulus of elasticity in compression, F is the compressive force, A is the Poisson ratio,
AD is the deformation, d is the diameter of the cylindrical probe (2 mm) and r is the radius of the fruit
curvature.

Force (N)
»

0 128 148 181 231 234
Deformation (mm)

Fig. 2 - Typical force-deformation curve obtained in puncture test for Tybeef (light pink)

The maturities of tomatoes were categorized as green, light pink, pink and red according to their
colours. For this purpose, Minolta CR-300 chromometer color measurement device was used (Fig 3). Hue
and chroma were also determined (Sirisomboon et al., 2007).

Fig. 3 - Chromometer for color measurement
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RESULTS
The data on color and physical properties of Tybeef F1 tomato cultivars are shown in Tables 1 and 2.
Also, a summary of the descriptive statistics of the various physical dimensions is shown in Table 1.

Table 1
Measured physical parameters of Tybeef F1
Min Max Average
Mass (g) 289.14 364.11 334.40+£8.190
Diameter (mm) 77.34 102.17 88.92+0.651
Length (mm) 60.83 91.08 75 8440.673
Geometric diameter(mm) 7167 96.48 80.60+0.420
Sphericity (%) 91.15 121.67 106.58+0.911
Surface area (mm?) 19435.27 26736.48 20425.614215.784

Dimensions of Tybeef tomato varied from 77.34 to 102.17 mm in diameter, 60.83 to 91.08 mm in
length and 71.67 to 96.48 mm in geometric diameter, with average values of 88.92, 75.84, and 80.60 mm,
respectively. The importance of dimensions is in determining the aperture size of machines, particularly in
the separation of materials as mentioned by Mohsenin (Mohsenin N.N., 1986). The importance of sphericity
is in determining the fruit shape. The average sphericity of tomato was 106.58 %; the sphericity is reported
by Mohsenin in the range of 32-1 (%) (Mohsenin N.N., 1986). The surface area of Tybeef F1 varied from
19435.27 to 26736.48 cm? with mean values of 20425.61 cm”.

Table 2
Color properties of Tybeef F1
L* a* b c* h
Green 56.60 -14.18 26.96 30.46 117.75
Light pink 49.51 12.50 28.87 31.87 67.56
Pink 46.44 21.59 31.22 38.18 55.64
Red 42.89 27.99 33.52 41.15 49.01

The skin color (L*, a*, b*, C*,h) mean values of Tybeef F1 tomato variety are presented in Table 2.
The average values of L*, a*, b*, C*, h for green maturity stage are 56.60, -14.18, 26.96, 30.46 and 117.75,
respectively. The average values of L*, a*, b*, C*, h are 49.51, 12.50, 28.87, 31.87 and 67.56, respectively in
light pink tomato. Also, for pink skin colour, they are 46.44, 21.59, 31.22, 38.18 and 55.64 and for red skin,
42.89, 27.99, 33.52, 41.15 and 49.01, respectively.

The mean of puncture force, deformation, failure stress, toughness, puncture energy and modulus of
elasticity of Tybeef tomato depending on the maturity stage and the descriptive statistics of the various
mechanical properties are presented in (Table 3)

Table 3
Effect of maturity time on Mechanical Properties of Tybeef
Green Light Pink Pink Red Sign. level
Puncture Force (N) 10.39° 6.15°  4.86° 4.16° *4
Deformation (mm) 1.43° 2.39" 2.5 3.16% *
Failure stress (N/mm?) 4.30° 3.01° 2.83° 2.75° *
Toughness (N/mm) 5.87% 4.27° 3.74° 3.53° *
Puncture energy (Nmm) 50.66" 65.485°  85.94" 122.62° o
Modulus of elasticity (N/mmz) 0.26 0.31 0.29 0.28 ns

All data represent the mean of three replications with 45 determinations.
ab Letters indicate the statistical difference in rows.
:*Significant levels at 1%.
Significant levels at 5%.
ns, not significant.
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As seen in Table 3, the puncture force, failure stress and toughness values decreased as fruit maturity
increased and deformation and puncture energy values increased as the maturity decreased.

The average puncture force values were 10.39, 6.15, 4.86 and 4.16 N for green, light pink, pink and
red, respectively. The highest value of puncture force was found in the green maturity stage. The mean
deformation values for green, light pink, pink and red maturity stages were 1.43, 2.39, 2.50 and 3.16
respectively, so the deformation values were the highest for red colour and the lowest for green colour. Also,
the mean failure stress values for maturity stages were 4.30, 3.91, 2.83 and 2.75 from green to red colour so
the failure stress values were the highest for green colour and the lowest for red colour. The average for
toughness values for green, light pink, pink and red maturity stages were 5.87, 4.27, 3.74 and 3.53
respectively. The highest toughness was obtained in the green maturity stage. The mean modulus of
elasticity values for green, light pink, pink and red maturity stages were about 0.26, 0.31, 0.29 and 0.28
respectively, so the modulus of elasticity values were the highest for light pink colour and the lowest for
green colour (Fig 4).

5JMMM

Green Light Pink Pink Red

Modulus of elasticity ®Toughness Failure stress ®m Deformation = Puncture Force

Fig.4. Average values of some mechanical properties for all maturity time

For all maturity stages, the highest puncture energy was obtained for red colour as 122.62 Nmm and
the lowest value was found for green colour as 50.66 Nmm (Fig. 5).

80 -
60 -
40 A
20 -

Green Light Pink Pink Red

[Eny

o

o
L

Puncture energy

o

Fig.4. Average values of some mechanical properties for all maturity time

The puncture force values were found different at 5% probability level for all the maturity stages. Also,
similarly, the puncture energy values were found different at 5% probability level for all the maturity stages.
Similar results have also been reported (Ince et al., 2016). Deformation, failure stress and toughness values
were found different at 1% probability level for all the maturity stages. Statistically, there is no difference in
modulus of elasticity values for all the maturity stages.

Deformation of fruit changes based on the properties of biological materials. It depends on the
structure of biological material and cells’ pores (Persson S., 1987). Deformation increased as the maturity of
fruit increased. This result verified the softening of the tomato fruit. While deformation values for pink and
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light pink maturity stages were in the same group statically, however, the modulus of elasticity did not show
any statically difference for all maturity stages. Similar results have also been reported (Ince et al., 2016).
Also, failure stress and toughness decreased as the maturity of fruit increased. We can say that ripe
fruit might be damaged more due to its soft texture compared to unripe fruit under the same force. While
failure stress and toughness values for pink and red maturity stages were in the same group statistically.

CONCLUSION

In this study, some mechanical properties (puncture force, deformation, modulus of elastic, puncture
energy, failure stress and toughness) of Tybeef F1 tomato variety were determined as affected by maturity
stage. Puncture force, failure stress and toughness decreased with the increase in maturity stage. On the
contrary, deformation and puncture energy increased as the maturity of fruit increased. Also, the modulus of
elasticity did not show any statistic difference for all maturity stages. According to the test results, puncture
force and energy are more sensitive textural mechanical parameters related to the maturity stage.
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ABSTRACT

The coupling devices must be checked for the resistance they provide during the movement of a
mobile aggregate (tractor + trailer or agricultural machine), which can be done by a finite element analysis
(SOLIDWORKS Simulation, CATIA, ANSYS, etc.) or by testing in service or, the fastest, in simulated and
accelerated mode on special installations. The paper presents the results obtained by finite element analysis
of a 55 HP tractor draught bar (after meshing the model), determining the most stressed points and the
maximum risk areas where breaks will occur, respectively after performing the tests in static and dynamic
mode (in case of fatigue) on the simulated and accelerated test installation to determine if deformations or
breaking result from stresses.

REZUMAT

Dispozitivele de cuplare trebuie verificate din punct de vedere al rezistentei pe care o asigura in timpul
deplasarii unui agregat mobil (tractor + remorca sau masina agricold), verificare ce se poate realiza printr-o
analiza cu element finit (SOLIDWORKS Simulare, CATIA, ANSYS, etc.) sau prin testari in exploatare sau,
cel mai rapid, in regim simulat si accelerat pe instalatii speciale. Lucrarea prezinta rezultatele obtinute prin
analiza cu element finit a unei bare de tractiune a unui tractor de 55 CP (dupd discretizarea modelului),
determindndu-se punctele solicitate cel mai puternic si zonele de risc maxim unde vor apdarea rupturile,
respectiv dupéa testarea in regim static si dinamic (la obosealad) pe instalatia de incercari in regim simulat si
accelerat, pentru a determina daca in urma solicitarilor apar deformatii sau rupturi.

INTRODUCTION

The coupling devices for tractor - agricultural machine / trailer unit are designed in different types,
depending on the towing / towing mass, the type of machine / towed gear, the angle under which it engages,
etc. Analysis of the operation of coupling devices for agricultural aggregates (tractor-agricultural machinery)
aims to identify the optimal coupling and to determine the optimal operation, in the case of normal and / or
critical stresses, by simulated and accelerated tests, respectively in exploitation on uneven soils, to identify its
critical areas (Finite Element Analysis - FEM) (Biris, 1999; Blumenfeld, 1995).

The optimization of the coupling can be achieved taking into account the results of this analysis, which
will lead to optimal operation and increase of the service life, under safety conditions for the operator, but
especially for the participants to the traffic.

Tractors, trailers and their couplings (draught / coupling devices) must comply with certain technical
and mechanical requirements for the safety of public road transport in Romania and to be allowed into
circulation (Ormenisan, 2014).

When developing new types of coupling systems for tractors, trailers and agricultural machinery all
technical conditions must comply with the European standards in order to increase the degree of
interchangeability and safety in circulation. This is one of the main reasons for studying these devices,
having in view due the multiple accidents caused by inadequate coupling systems (on tractors or farm
tractors, respectively between tractors and farm tractors), which are not carried out in compliance with
certain specifications about traffic safety (Andrei et al., 2006; Zatocilova et al., 2014).
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Particularly for the coupling systems of tractors and trailer trucks intended for operation in the
agricultural or forestry sector, the condition which implies that they must be carried out and meet the same
rules is based on the need to couple between them all machinery of the same type existing on the European
and Romanian market and, on the other hand, to the fact that these coupling systems have safety features in
operation and mostly during road traffic.

For most machinery and equipment used in agriculture and forestry there is a freedom of expression in
terms of their development (constructive, functional, etc.) (Maican E. et al., 2018). Nevertheless, for the
coupling systems, which are the elements that contribute to the safety in operation and circulation, severe
conditions are demanded by internal and European manufacturing regulations, functional parameters,
mounting conditions etc., which all the mentioned factors must comply with (Stoica, 2001).

In Romania, like in other European countries, road traffic in particular changes on a year-to-year basis
and from country to country, depending on the increase of the motoring index, the state of the road network,
the level of economic development of the country in general and in particular of the car transport (lordache,
2011).

Despite the variety of measures taken to organize and improve road traffic, road safety is still far from
being satisfactory, with a large number of road accidents resulting in serious material damage and even
more, in losses of life. Although their participation to public traffic is occasional, the agricultural and forestry
transport (represented by tractor—trailer systems or agricultural machinery) has an important role in these
accidents (Bodea, 2008).

Most of these accidents are due to unsuitable general technical conditions or failures in the safety
components of the involved agricultural or forestry machinery, including the coupling systems. Another
important factor that can lead to incidents and road accidents is the fact that some tractors and agricultural
machinery are not provided with the appropriate coupling systems (Candea et al., 2008).

MATERIALS AND METHODS

The experimental research for FEM analysis of the draught bar was carried out in the SOLIDWORKS
Simulation (Fig.1) and testing of a coupling device resistance from the U650M tractor was carried out on a
draught bar (Fig. 2), which was tested in static and dynamic regime on a Hidropuls-type installation (Fig. 3).

[ B

Fig. 2 — Draught bar mounted for the experiments

Verification of the coupling devices (static and dynamic) is achieved on specialized installation for
testing in simulated and accelerated regime, type Hidropuls (Fig. 3), where they are mounted in the same
position in which they are used during operation. Determination of forces and stresses in the coupling
devices must take into account the shape, dimensions and technical conditions imposed on their aggregation
devices, for each type of coupling system being provided in the legislation (directives, regulations, standards
etc.), the conditions which they must meet and respect.
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Fig. 3—Testing installation in simulated and accelerated regime, Hidropuls type

RESULTS
Nonlinear static analysis of draught bar — longitudinal stress
Type of analysis: Nonlinear- Static

Table 1
Reaction forces
Selection mode M.U. Sum X SumY Sum Z Resultant
Entire Model N -250 6.31357e-007 -2.8424e-005 250
Table 2
Moment of reaction
Selection mode M.U. Sum X SumyY Sum Z Resultant
Entire Model N.m 0 0 0 0
Table 3
Obtained results
Name Type Min Max
Stress | YON: von Mises stress 3.009e-002N/mm? (MPa) 2.360e+002N/mm” (MPa)
at step no.: 10 (1 sec.) Node: 52818 Node: 48787

E E
Rel-1.0-Nonlinear-Stress-Stress 1_3 Rel-1.0-Nonlinear-Stress-Stress 1_4
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Table 3 (continuation)

Name Type Min Max
Displacement URES: Displacement resultant at 0.000e+000mm 3.340e+000mm
P step no.: 10 (1 sec.) Node: 12293 Node: 8276

B> |-
- =

W
Rel-1.0-Nonlinear-Displacement-Displacement_Ensemble

I I

® I R

|‘t = B ! :
Rel-1.0-Nonlinear-Displacement-Displacement 1_1 Rel-1.0-Nonlinear-Displacement-Displacement 1_2

& E - E

Rel-1.0-Nonlinear-Displacement-Displacement 1_3  Rel-1.0-Nonlinear-Displacement-Displacement 1_4

Name Type Min Max
Strain ESTRN: Equivalent stress at step 9.236e-008 1.496e-003
no.: 10 (1 sec.) Element: 56359 Element: 24502
I

Rel-1.0-Nonlinear-Strain-Strainl

Nonlinear static analysis of draught bar - Nonlinear stress in curve

Table 4
Reaction forces
Selection set Units Sum X SumY Sum Z Resultant
Entire Model N -242.994 6.87689e-006 -58.7709 250

Reaction Moments

Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N.m 0 0 0 0
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Table 5
Study Results
Name Type Min Max
VON: von Mises Stress at | 8.867e-004 N/mm* (MPa) | 2.056e+001 N/ mm* (MPa)
Stress_Ensemble | 00103 (0.0475 seconds) Node: 49337 Node: 62193
I
I

Rel-1.0-Nonlinear-Stress-Stress_Ensemble
VON: von Mises Stress at Step no: | 1.969e-002 N/ mm® (MPa)| 4.208e+002 N/ mm* (MPa)

Stress

10 (1 seconds) Node: 49337 Node: 62193
. i-
Rel-1.0-Nonlinear-Stress-Stress1_1 Rel-1.0-Nonlinear-Stress-Stress1_2

: 3 F
" ¢ I I-
Rel-1.0-Nonlinear-Stress-Stress1 3 Rel-1.0-Nonlinear-Stress-Stressl_4

Displacement URES: Resultant Displacement 0.000e+000mm 2.275e+000mm
P at Step no: 10 (1 seconds) Node: 12176 Node: 8211
-

Rel-1.0-Nonlinear-Displacement-Displacement_Ensemble

= | =
—— ti E
Rel-1.0-Nonlinear-Displacement-Displacement 1_1 Rel-1.0-Nonlinear-Displacement-Displacement 1_2
- I
Rel-1.0-Nonlinear-Displacement-Displacement 1_3 Rel-1.0-Nonlinear-Displacement-Displacement 1_4
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Table 5 (continuation)

Name Type Min Max
Strain ESTRN: Equivalent Strain at 9.005e-008 1.325e-003
Step no: 10 (1 seconds) Element: 26676 Element: 30722

Rel-1.0-Nonlinear-Strain-Strainl

Data processing - static tests

Static tests were carried out at INMA Bucharest on a specialized installation (Hidropuls), with the towing
device and any tractor coupling component attached to a rigid structure by means of the same components
used for mounting on the tractor body (Fig. 4).

Fig. 4 - Mounting on the Hidropuls installation for the static test of the draught bar

Equipment for measuring and control used to record loads and applied moments must be of high
precision: applied loads + 50 daN; moments + 0.01 mm.

During the test, the deformation of the coupling device must not exceed 10% of the maximum elastic
deformation observed. Verification was performed after removal of the load and return to the initial load of
500 daN.

MT = 1450 kg = 1422.45 daN; MR = 1500 kg = 1471.50 daN;
D = 25 kN = 2500 daN; S =7 kN =700 daN.
where:

MT - total permissible tractor mass, from a technical point of view;

MR - total permissible mass of the towed vehicle, from a technical point of view;

D - mathematically determined force (the components of the horizontal force on the longitudinal axis
of the vehicle);

S - static load of the draught bar (component of the vertical forces on the road).
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Fig. 5 - Force-time diagram for the static test of the draught bar on the Hidropuls installation
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Data processing - dynamic tests

In dynamic tests, the resistance of the mechanical coupling system (draught bar) was established by
alternating traction at a specialized stand (Hidropuls installation).

This dynamic method describes the fatigue test which applies to the entire draught bar, respectively,
when the draught bar, equipped with all the components required for installation, is mounted and tested on
the Hidropuls.

Alternate forces have been applied sinusoidally, from the longest possible distance (by alternate
towing and / or lifting), to a load cycle determined by the material involved, during which no cracks or wear
must occur.

The horizontal force components on the longitudinal axis of the vehicle, and the components of the
vertical force, formed the basis of the load to be subjected to the test. However, the components of horizontal
force at right angles to the longitudinal axis of the vehicle, as well as the moments are of secondary
importance, therefore they have not been considered.

The horizontal force components on the longitudinal axis of the vehicle are expressed by a
mathematically determined force, D.

D=g-(Mr-Mg)/(Mr+ Mg) (1)
The technically acceptable load masses specified by the manufacturer on this traction unit are: M =
1450 kg = 1422.45 daN; M = 1500 kg = 1471.50 daN; D = 25 kN = 2500 daN; S = 7 kN = 700 daN.

n =2 020 000 loading cycles

30 J“\_rﬁ./mwf“ﬂ »

=1 Displacement

Force (kIV)

[}
Displacement (mm)

=201 ‘ Force
el -

I;I .1 = - 0.3 0.4 o8 -ﬂ.‘-ﬂ- a7 .8 = ]
Tine (s)

Fig. 6 - Diagram force-time and movement-time (in the horizontal direction)

CONCLUSIONS

For non-linear static analysis of the draught bar - longitudinal stress, the highest stresses occur in the
hinge area of the bar between the two fixation elements at the engine chassis, respectively in the coupling
bolt between the tractor and the trailer, which is why they must be optimized in the sense of choosing a
quality material, with a good coefficient of elasticity that will allow taking over some shocks that occur in the
case of passing over pits, etc. and which can cause shearing of the bolt or articulation elements.

For non-linear stresses in the curve, the highest stresses occur as in the case of longitudinal stresses,
in the hinge areas of the bar at the engine chassis, respectively in the coupling bolt between tractor and
trailer, but they are larger in the first coupling bolt in the fixation element to the chassis and the front and rear
parts of the bar (against the bolt), which implies a reinforcement (optimization) of this area.

Data obtained and processed after the testing in static and dynamic regime show that the draught bar
did not break when more than 2000000 cycles (2020000 cycles) of stress - in dynamic regime were applied,
with a maximum displacement at a horizontal plane of + 1.12 mm which corresponded to a force of + 32.27
kN and a maximum displacement at the vertical plane of = 0.48 mm which corresponded to a force of +
10.19 kN, respectively at a force equal to 1.5 times the permitted towable mass in the case of static load,
without any visible deformation, rupture or other visible damage.
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ABSTRACT

A carbon dioxide detecting and controlling system has been experimentally established in a
greenhouse located in northern China. The developed system consists of several major parts including
wireless infrared gas sensor node, wireless receiver and CO, concentration controller with pure CO, cylinder.
The wireless infrared gas sensor was developed for real time detection of CO, which is essential for plant
photosynthesis. Digitalized data of concentration can be received by the wireless receiver which connects to
a laptop installed developed LabVIEW program. Ambient CO, concentration can be controlled automatically
by the concentration controller based on fuzzy PID algorithm. Experiments demonstrate that the stability
fluctuation of detection results is less than 2.2%. The fluctuation of ambient CO, concentration under
automatic control is less than 60 ppm which proves good efficiency of the system. The proposed CO,
detecting and controlling system is suitable for precision management of key factors along with temperature,
humidity and luminance in greenhouse for optimal production.
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INTRODUCTION

In recent years, greenhouse has been developed and improved world widely. According to reports, the
total area of greenhouse had been increased more than 2 million hm?in China (Jianing et al. 2016; Jianing et
al. 2016). Meanwhile, the demand of modern technologies and technical equipment are increasingly required
in greenhouse environment. Production of greenhouse can be increased and the quality can be optimized by
taking advantage of the modern techniques, including sensors, signal transmission, signal processing, and
control strategy and algorithm (Malaver et al. 2015; Serodio et al. 2001; Gutierrez et al. 2014). These
technologies effectively promote the development of modern greenhouse by quantification of key factors,
decreasing the complexity of environment and increase the efficiency of signal processing. Among the
applicable techniques, sensors and sensing techniques have been reported by many groups (Somov et al.
2013; Somov et al. 2014; Salker et al. 2005; Misra et al. 2004) for achieving accuracy real time detection of
key factors in greenhouse. Also, control and management of key factors such as temperature, humidity and
luminance in greenhouse have been reported experimentally (Hwang et al. 2010; Ma et al. 2015).

Carbon dioxide is essential for plants photosynthesis and is also studied by many researchers (Yauda
et al. 2012). Carbon dioxide concentration can be detected by CO, sensors which are developed in different
sensing principles (Ren et al. 2014). Detection and fertilization of CO, is significant to plant growth
management in greenhouse. Compared to traditional sensors, photo-electrical sensors have been reported
widely in recent years due to their advantages including high-sensitivity, fast response time, non-intrusive

47



Vol. 54, No. 1 /2018 INMATEH — icultural

nature, wide sensing range and long lifespan (Ritobrata et al. 2013; Charles et al. 2014). Therefore, photo-
electrical CO, sensors are adopted in the developed system.

In this paper, a CO, detecting and controlling system has been experimentally established along with
other key factors including temperature, humidity and luminance. These sensors have been controlled by the
developed circuits and are integrated as a sensor node in the system. Considering the wiring difficulty in
greenhouse environment, wireless communication has been adopted in the system by using the 433 MHz
communication frequency. CO, fertilization can be performed by the developed CO, controller. Design
details of sensor node, CO, controller and circuits are introduced firstly. Then, sensing and testing
experiments of the system with discussion will be demonstrated.

MATERIALS AND METHODS
System structure

The proposed CO, measurement and control system consists of developed software and hardware.
The structure diagram is shown in Figure 1. As shown in the figure, the developed sensor node is placed in
the greenhouse and it is responsible for sensing key factors including CO,, luminance, temperature and
humidity. The detected data can be transmitted to a developed wireless receiver which connects to a laptop
in the adjacent control room by wireless communication. Detected data can be shown and be stored in the
laptop. In the greenhouse, there is also a CO, controller that is able to control the open/close of a CO,
cylinder for gas fertilization. The CO, controller can be controlled by the sensor node or the laptop by
wireless communication. Considering the difficulty of wiring power cables and signal cables in greenhouse
environment, wireless communication is desirable for the duty of signal transmission. Besides, water proof of
the sensor node is also considered and is performed to avoid circuit damage caused by the moisture
condensation in greenhouse.

Greenhouse

Adjacent
Control Room

Wireless
Receiver

Gas Outlet

CO,
Cylinder

COo,
Controller

Fig.1 - Structure diagram of the developed system in the greenhouse

Wireless sensor node

The wireless sensor node was developed for monitoring real time ambient factors including CO,
concentration, temperature, humidity and luminance. The function diagram of the sensor node is shown in
Figure 2.

Luminance
Sensor

Humidity
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Fig. 2 - Function diagram of the developed sensor node
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The main controller is a surface mounted microchip (STM32F103R). It is a 32-bit chip with a maximum
CPU speed of 72 MHz. The main controller is responsible for signal processing of the sensor node. It is
connected with the individual sensors and a wireless module (Si4463). The circuit is powered by a lithium
battery that consists of four serially connected 18650 batteries. A buck circuit board was developed to
convert voltage and the output voltage is set as 5 V. The main controller stores data in a 64-M flash chip
(W25Q64BV). In order to guarantee the wireless communication quality, an amplifier chip (RFX2401C) was
applied to enhance signal strength. Therefore, collected data can be sent to the wireless receiver and the
CO, controller.
Sensors and signal receiver

The CO, sensor applied in this system is a compact infrared sensor based on the Beer-Lambert Law.
Compared to the general chemical sensors, it has a larger detection range which is 0 to 10* ppm. The
sensing precision is about 30 ppm. The photo of CO, sensor is shown in Figure 3 (b). The temperature and
humidity sensors are combined together and it is shown in Figure 3 (b) as well. It can be buried in the soil to
detect the temperature and humidity in underground as shown in Figure 3 (a). It can also detect the ambient

air temperature and humidity. The detection accuracy is about 0.5 °C of temperature and 1.8% of humidity.

The luminance sensor is embedded on the panel of the developed sensor node. This luminance sensor has
a low driving current of 0.7 mA and its accuracy is about 0.054 Lux. The three sensors are connected with
the main controller of the sensor node.

Wireless communication has been adopted in this system to avoid high expense instalment of
telecommunication infrastructures. Wireless communication is flexible, fault-tolerant and simpler to
implement in greenhouse. The wireless module is also shown in Figure 2 (b). Compared to WIFI and
Bluetooth, the applied 433 MHz communication wireless module has a better penetration that is suitable for
the greenhouse environment because the transmission can be guaranteed considering the inevitable plant
shelter. This is a key advantage of this signal transmission method in greenhouse environment.

i -5 e
Fig. 3 - Photo of the sensor node working in the greenhouse (a),
the inside view of the developed sensor node (b) and the outside view of the greenhouse (c)

Concentration controller and developed software

The CO, concentration can be increased to a desired level by a CO, controller. It consists of wireless
module and an electromagnetic valve (SONGLE). The CO, cylinder can be opened by the electromagnetic
valve to increase gas concentration. Fuzzy PID algorithm has been adopted in the system to calculate the
compensation of CO, concentration. The duty circle of driving circuit of the electromagnetic valve is flexible
and the minimum switching period is set as 5 seconds.
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A monitoring GUI (graphic user interface) based on LabVIEW platform was developed and is shown in
Figure 4. The received data can be stored in the laptop and the curve can be shown in separate windows.
The detected CO, concentration, temperature, humidity and luminance data are sent from the sensor node
and can be received by the wireless receiver which is connected to the laptop. The received data can be
stored in separately created files in the laptop. These files can be opened by using Excel. As shown in Figure
4, the received data are separately shown in a window with a pull-down menu. The function of choosing
sensor nodes has been developed for future experiments that involving multiple developed sensor nodes.
The column on the right side of the software is the configuration zone of the serial ports including the
communication baud rate, stop bit and byte counting etc.
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Fig. 4 - Developed monitoring system based on LabVIEW platform

RESULTS
Performance test of gas sensor

The developed sensor node was tested in laboratory in order to evaluate its sensing performance.
Standard gas samples were flushed into a gas cell by a mass flow meter. Two standard gas samples of 1000
ppm and 600 ppm were tested separately and the results are shown in Figure 5. In a total period of 1,000
seconds the stability tests were carried out. For the 1000 ppm gas sample, the maximum and minimum
detected values were 1017 ppm and 978 ppm respectively. The relative error can be calculated as 2.2%. The
fluctuation of detected concentration is slightly smaller for the 600 ppm standard gas sample. The maximum
and minimum concentrations are 619 ppm and 584 respectively. The relative error can be obtained as 1.9%.
The detected results demonstrated acceptable sensing performance.
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Fig. 5 - Stability tests of the developed sensor node
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Wireless network test

The wireless communication tests were carried out in order to evaluate the wireless transmission
performance. The greenhouse occupies a total area of 640 m2 The developed sensor node was placed
about 1 m height from ground. The RSSI (received signal strength indication) and package loss rate were
measured experimentally and are shown in Figure 6 (a) and Figure 6 (b). As shown in Figure 6 (a), the RSSI
value decreases with the increasing of the distance. The RSSI value is in the range from -25 dBm to -60
dBm when the distance between the sensor node and the wireless receiver is less than 20 meters. Then, the
RSSI value slowly decreases with the increase of the distance. The RSSI value located in the range from -80
dBm to -90 dBm when the distance increased to 80 -100 m. As shown in Figure 6 (a), the main trend of RSSI
value is decreasing while the distance is increased. Then, the package loss rate was tested as shown in
Figure 6 (b). It can be seen that the package loss rate remains zero while the distance increases from 0 m to
28 m between the sender, which is the sensor node, and the receiver. Then, the package loss rate increases
with the increase of the distance. The loss rate reaches about 2.1% when the distance is 80 meters. If the
sent data is not correctly received, the sender will send again until the receiver successfully captures the
data and answers the sender. This process not only wastes time but also consumes more power which will
shorten the usage time of the battery. From the experiments, the RSSI value and package loss rate
demonstrate that the wireless communication is reliable and suitable for the developed system.
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Fig. 6 - Tests of RSSI (a) and package loss rate (b) for the wireless communication in greenhouse

Concentration measurement

The developed system was deployed in a greenhouse with the length of 80 meters. The sensor node,
CO, controller and CO, cylinder were placed in the greenhouse. The laptop was located in the adjacent
control room which is shown in Figure 3 (c). A 24-hours detection experiment was carried out as shown in
Figure 7. In Figure 7, it can be seen that the CO, concentration and temperature in the greenhouse were
detected as shown. The CO, concentration was detected every 30 seconds from 12:00 at noon and the
experiment ends at 11:59:30 the next day.

The CO, concentration decreases from the beginning of the experiment due to the photosynthesis
effect. In a photosynthesis process, CO, is absorbed by the plants and is converted into chemical energy. In
this way, CO, can be realised as an important fuel of plants. As shown in Figure 7, the CO, concentration
decreases from 300 ppm at 12:00 to 130 ppm at 3:30. It is essential to realise that the roll blind machine for
greenhouse starts to work at about 3:30 for thermal insulation because the outside of the greenhouse gets
dark. The surface of greenhouse that faces towards the sun is covered at about 3:30. Therefore, the
photosynthesis process in the greenhouse is dramatically slowed and the decrease of CO, concentration is
interrupted. Then, the CO, concentration starts to increase because the greenhouse cannot be entirely
sealed. The CO, concentration increases due to the air exchange between the inside and outside of the
greenhouse. The increase will be continued until the roll blind machine rolls up the covering the next morning.
Then, the CO, concentration starts to fall again caused by the photosynthesis.

It can be seen that CO, concentration is in a circulation in the total 24-hours experiments. This is
caused by the resist of air-exchange by the greenhouse which is good for warm keeping. In Figure 7, the
temperature is shown as the red curve. It can be seen that the trend of the temperature and CO,
concentration is opposite. The temperature in the greenhouse increases in the process of photosynthesis
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due to the strong sunshine. The temperature starts to decrease at 3:30 when the rolling blind machine cover
the surface of the greenhouse. Without the heating effect of sunshine, the temperature decreases continually
until the roll blind machine rolls up the covering the next morning. According to the experiment, it can be
realized that the CO, concentration fertilization is necessary to compensate the concentration drop caused
by photosynthesis and air-exchange resist of the greenhouse. Therefore, a reasonable CO, fertilization is
desired to compensate the CO, concentration which is important for photosynthesis.
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Fig. 7 - Detection of CO, concentration and temperature in the greenhouse in a period of 24 hours

The humidity and luminance tests were also carried out by using the developed system. The humidity
decreases in the photosynthesis process as shown in Figure 8 (a). The humidity in the greenhouse increases
and remains at a high level in the night. Its peak value can be 89% during the night. On the other side, the
luminance in the greenhouse is affected by the roll blind machine directly as shown in Figure 8 (b). During
the period when the greenhouse is covered, the luminance drops to zero in the figure. It can be seen that the
machine rolls up the covering at about 7:00 a.m. because the luminance value starts to increase in the figure.
The luminance value dramatically raises when the sunshine covers the greenhouse. The humidity and
luminance are both impacted by human activities and can be controlled to a large extent. The luminance can

be supplied by artificial light source in the night and the related experiments will be carried out in the future
studies.
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Fig. 8 - Detection of humidity (a) and luminance (b) in the greenhouse in a period of 24 hours

Test of CO, concentration control

The CO, compensation experiment was carried out to evaluate the control performance of the
developed system. The results are show in Figure 9. As shown in the figure, the total experimental period
can be divided into four parts from TO to T3. In the first period of time, TO, the CO, concentration remains at
a constant level of about 690 ppm without photosynthesis. Then, the CO, concentration starts to decrease in
the T1 period due to the photosynthesis effect. In this stage, the CO, cylinder is closed and the concentration
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is without control or human impact. After setting a target concentration at 1000 ppm, the CO, cylinder is
opened by the electromagnetic valve via wireless control. The pure CO, gas slowly permeate in the
greenhouse in the T2 period. It can be seen from the figure that the most fluctuated period lasts
approximately 1 hour. This period of time can be shortened by setting a larger flow speed of the CO, cylinder
or adjusting the PID control strategy. Finally, the CO, concentration remains constant around 1000 ppm
which is the target point in the T3 period. The maximum fluctuation of concentration is less than 60 ppm. It
can be seen that the CO, concentration can be effectively regulated by the system during the period from TO
to T3.
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Fig.9 - Experiment of CO, concentration control in the greenhouse at 1000 ppm

CONCLUSIONS

A carbon dioxide detecting and controlling system has been proposed. This system has been
experimentally applied in a greenhouse in northern China. The developed system consists of several major
parts including a sensor node, a wireless receiver and a CO, concentration controller with pure CO, cylinder.
The sensor node is wireless communicated with other parts and an infrared CO, sensor is embedded in it.
The wireless infrared gas sensor was developed for real-time CO, detection which is essential for plant
photosynthesis. Collected data of concentration can be received by the wireless receiver which connects to a
laptop installed developed LabVIEW program. In the greenhouse, CO, concentration can be controlled
automatically by the concentration controller based on fuzzy PID algorithm. According to the experiments,
the fluctuation of detection results is less than 2.2%. The fluctuation of CO, concentration under automatic
control in the greenhouse is less than 60 ppm which proves good performance of the system. In addition, the
proposed CO, detecting and controlling system is also capable to detect temperature, humidity and
luminance in the greenhouse. The proposed system can be applied for researching optimal production in
greenhouse environment. Multiple sensor nodes will be studied in the future in order to be applied in larger
greenhouses.
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ABSTRACT
In order to solve the problems of natural drying peanut with long drying cycle, huge resource and

vulnerable to pollution, a solar drying peanut device taking solar energy as the main energy source and
electric energy as the auxiliary energy source is designed. The working principle, device structure, drying
chamber and heat collector are also studied. The heat collector performance of solar collector system is
simulated by utilizing TRNSYS. The simulation results show that the total solar heat collector inclined surface
radiation, temperature of solar collector, and electric auxiliary heating rate and water layer changes with time.
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INTRODUCTION

China is a big country of peanut cultivation. According to the statistics of the United Nations Food and
Agriculture Organization, in recent years, the output value of peanut in China has reached about 40% of the
world with first ranking (Yan Jian-Chun et al. 2013; FAOSTAT 2012) . At present, peanut drying in China is
still mainly artificial, although it does not require inputting additional energy and the long drying period, huge
area demand and weather conditions cause greater dependence. It has been unable to meet the
development requirements of peanut industry in China. Solar drying refers to a drying operation using solar
drying devices and solar radiation. Presently, the research and development of solar drying technology has
made it possible to use solar energy for peanuts drying effectively.

The test place of solar peanut drying plant is Taishan District, Tai'an, Shandong Province, where, the
annual radiation is 4806.72 MJ/(m“a) and the sunshine duration is 2668 hours. Thereby, it has good solar
energy utilization conditions.

MATERIALS AND METHODS

Design scheme of solar drying peanut
Combined with the advantages of various solar drying equipments and in view of the actual needs of
peanut drying, we have developed a drying system using solar energy. The system combines solar energy
with electric heating equipment for applying heat, which mainly dries the peanuts. Taking peanuts as an
example, the design of a single loading capacity is 50-100 kg; the drying time is 20 hours and the power of
the electric heating device is selected as 3 kW. The solar energy drying peanut equipment is used as small-
sized drying equipment, and the following requirements should be met (Lahnine L et al. 2016):
(1) Solar drying equipment has compact structure and small footprint;
(2) The material heating method is normal-pressure heat drying, and the drying temperature is controlled
within 34°C-52 °C;
(3) Good continuous drying operation: the use of solar energy and electric heating device, ensure material
continuous drying;
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(4) Drying chamber uniform distribution of air: air uniform design in the drying room, improve the uniformity
of air flow drying chamber;

(5) Reasonable use of the drying chamber space: to ensure the loading of 50-100 kg, simple material
loading is required.

1.1 The basic mechanism

We design peanut solar drying system with hot water according to the requirements mentioned above.
The system is mainly composed of heat collecting system, drying system and control system. The basic
structure of the solar drying system with hot water is shown in Fig.1

5
Fig. 1 - Schematic diagram of peanut drying system using solar water heating
1 - heat collector; 2 - heat collector circulation pump; 3 - water storage tank; 4 - heat exchanger;
5 - humidity sensor; 6 - circulation duct; 7 - material tray; 8 - temperature sensors; 9 - drying room;
10 — plate; 11 — blower; 12 - heat exchanger circulating pump

The heat collecting system consists of solar collector, water tank and electric heating device. The
drying system is mainly composed of drying chamber, a fan and a windshield material tray. The control
system includes temperature and humidity control and air volume control. Under the influence of the control
system, heat collecting system supplies energy to input drying system meeting the needs of the drying
system, which can improve the drying efficiency.

1.2 Working principle

Working principle of the drying system is that it heats the water through the heat collector during
daytime and the hot water is circulated by a pump to the water storage tank. The tank and the drying
chamber are connected through the heat exchanger transferring collected heat to the drying chamber, which
is used in drying peanut. When the outside cold air is driven by the blower at the left of the drying chamber,
the cold air is heated by the heat exchanger into the drying chamber for increasing peanuts temperature.
The surface of the peanut is vaporized, lowering the moisture content of the peanut (FAOSTAT, 2012). In the
drying process, the drying room temperature drops to a predetermined temperature; when solar energy is not
enough, the electric heating device in the water tank operates to add the required heat to the drying chamber
in order to maintain continuous drying. The storage tank electric heating device stops working when the
indoor temperature is higher than a predetermined temperature.

1.3 Design of the drying room

The drying room is designed to dry peanuts; we have to consider the drying characteristics of peanut
firstly, such as the initial moisture content and maximum allowable temperature. Secondly, the drying
chamber not only achieves the heat and moisture transfer of hot air and peanut, it also needs a reasonable
way of material bearing and releasing. The space can be fully utilized; the heat and water exchange can be
fully carried out. At the same time, the convenience of the system operation and the access of materials are
also considered (Aktas M.et al. 2016; Liu Mingle 2015).

In order to be compatible with and solve the above-mentioned problems, the solar drying chamber
adopts horizontal box structure; the drying room is a total of 1.2 m height, 2.1 m long and 1.4 m wide. Left
end of the drying chamber is provided with a conical inlet; the right end is provided with a conical air outlet;
the middle part of the drying chamber is a cuboid and the drying chamber side is provided with a door. As
material access, the drying chamber is divided into 3 layers; each layer is provided with 3 material trays (Zi
Rou et al. 2011). The drying chamber structure diagram is shown in Fig.1.
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1.4 Design of the heat collector system

The heat collector system is an important part of the solar drying peanut system. Electric heating
device is composed of a solar collector and water tank. The performance of heat collector of the solar drying
device has a great influence on the solar drying peanut effect.

1.4.1 Calculation of collector area

Solar collector and solar drying device of peanut are installed in Tai'an, Shandong province. The
peanut harvest from late September to early October and the daily average temperature is 25 °C. The
average daily solar radiation amount reaches 12.23*10° kJ/m?.

(1) Calculation of total area of direct system heat collector (Xie Shan-Zhu and Di Nan 2015)

A\: _ QWCW (tend _ti) f

‘]tncd (1_ Il|_)
Ac - the total area of the collector, m? ;
Qw - the average daily water consumption, kg;

teng - Water temperature, K;

Cw - constant pressure heat capacity of water, 4.187 kJ/(kg-K);

t; - the initial temperature of water, K;

f - solar fraction, GB range of value for 0.3~0.8;

J; - the local daily average collector heating surface radiation, kJ/m2;

Neq - the collector efficiency throughout the day, GB range of value from 0.4 to 0.55;
n. - the pipeline and storage tank heat loss rate, range of value from 0.15 to 0.2.

1)

(2) Indirect type system of the total area of the collector

FU, e
An - A: (1_|_ M) (2)
U hx i A‘nx
Ai, - indirect heating system of the solar collector area, m?

Ac -total area of solar collector in direct heating sg/stem, m?

FrU_-total heat loss coefficient of collector, W/(m*-K), Flat plate solar collector from 4 to 6W/(m2-K);
Unx --the heat loss coefficient of heat exchanger, W/(mZ-K)

Anx—heat exchanger area, m?;

The solar water heating system in this design adopts indirect systems and by the formula (1) and (2)
we calculated the solar collector area of 5.99 m?,

1.4.2 Collector installation

The project uses P-J-F-80/1.70/0.70-L type flat plate collector; the single collector area is 1.7 m2. As
peanut collector area of the solar drying system necessary is 5.99 m?, we select the 4 flat-plate collectors.

In order to make the solar collector to obtain the maximum heat, we need to select an optimum
installation angle of solar collector. The installation of solar collector should not be less than 0.5 m in the
ground level; the collector day lighting surface angle is the local latitude 5 degrees, and not less than 30
degrees (Li Bian-Sheng et al 2011). The location of Tai'an latitude is: 113.13 degrees longitude, 36.18
degrees latitude. In the installation process, the heat collector should be installed in accordance with the best
angle, select the tilt angle of 36 degrees, the gap at 5 degrees up and down, in order to obtain the best solar
thermal effect. The installation of solar collector is shown in Fig.2.

1.5 Design of the water storage tank

The water tank is one of the most important parts of the solar heat collector system, as a storage
device for hot and cold water. It should have good insulation properties. The water capacity, water tank
insulation, shape, structure and material will directly affect the performance and operation of the solar
collector system.

The volume of the water storage tank is related to the area of solar collector, the general per square
meter solar collector area, tank volume needed for 40-100 liters, usually recommended by the proportion of
heat exchanger area per square meter of the sun set corresponding to the 75 liters storage tank volume
(Guan Qiao-Li 2009). The collector area is 6.8 m?, therefore, the volume of the storage tank should be 510
liters, and the volume of the storage tank is 750 liters.
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Fig. 2 - Collector installation schematic

2. Simulation of the solar heating system using TRNSYS

2.1 TRNSYS Introduction

TRNSYS (Transient System Simulation) software was originally developed by Solar Energy
laboratories Wisconsin-Madison University (SEL) and improved under the joint study of the European
Institute gradually. TRNSYS simulation program that simulates solar system includes two parts: photoelectric
and light. It includes a heat collector, water tank, water pump, auxiliary heater and other dozens of commonly
used components. It can simulate the hot water, heating, refrigeration, air conditioning room and heat pump
(Liu Sheng-Yong et al. 2001).

2.2 Simulation model of solar collector system

Pic.1 is built in TRNSYS solar collector system component integration diagram, the simulation object
for the flat plate collector forced circulation, water supply system with constant temperature control, solar
energy as the main energy water heating, electric heating device, auxiliary heating, to maintain the water
temperature at 60 degrees Celsius (Wang An-Jian et al. 2014).
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Fig.3 - Pic.1 Simulation model of solar heat collector system

The typical meteorological year is a set of meteorological parameters consisting of 8760 hours of
hourly meteorological data, including dry, wet bulb temperature, solar radiation, and wind speed and wind
direction. The typical meteorological year data of Tai'an using TRNSYS simulation derived from the latitude
and longitude of Tai'an area by using Meteonorm? software. Fig.4 and Fig.5 show the typical meteorological
parameters of Tai'an region from the late September to early October (Minaei S.et al., 2016).
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2.3. Typical weather simulation

In the simulation, we chose September 15th and October 15th from the typical meteorological year
data, because the first one is the hottest and the second is the coldest from mid-September and mid-

October.

2.3.1 The hottest weather simulation
The weather parameters for September 15th are shown in Fig.6, Fig.7, Fig.8 and Fig.9.
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Fig. 8 - Electric heating rate change in September 15th
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Fig. 9 - Variation of temperature in different layers of water tank in September 15"

2.3.2 The coldest weather simulation
In October 15" the weather parameters is shown in Fig.10, Fig.11, Fig.12 and Fig.13.
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3. Test Materials and methods

The test time is September 3, 2016, the test venue for Tai'an city of Shandong Province, P-J-F-
80/1.70/0.70-L type flat type test by the collector, water tank and thermometer. The set temperature and
simulation results of direct heat exchanger outlet through comparative test analysis of solar energy, solar
thermal performance of dry peanut system heat collecting system were performed (Wessapan T and
Theerapong B, 2012; Tunde-Akintunde TY 2011; Gan XF 2011). We set the outlet temperature of heat
exchanger by measuring the temperature once every hour and the results obtained are shown in Fig.14
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Fig.14 - Variation of outlet temperature of solar collector

CONCLUSIONS

(1) According to the simulation in September 15", the solar tilt radiation began to increase from zero at
7: 00, the outlet temperature of the collector increases with the increase of radiation of the inclined plane. At
13:00, the maximum amount of solar tilt radiation is reached; the collector outlet temperature reaches the
maximum value of 50.3 °C at the same time. At 18:00, the radiation changed to 0, the collector outlet
temperature is no longer increased, and it is consistent with the actual situation, which shows that the
simulation data is accurate.

(2) According to the simulation in October 15", the solar tilt radiation began to increase from zero at 7:
08, the outlet temperature of the collector increases with the increase of the radiation of the inclined plane. At
12:00, the maximum amount of solar tilt radiation is reached; the collector outlet temperature reaches the
maximum value of 43.4 °C at the same time. At 17:30, the radiation changed to 0, the collector outlet
temperature is no longer increased, and it is consistent with the actual situation, which shows that the
simulation data is accurate.

(3) With the use of TRNSYS simulation in the outlet temperature of heat exchanger consistent with the
outlet temperature of the collector, the temperature is measured. The outlet temperature of the heat
exchanger is up to 52°C, indicating that the collector performance of the peanut solar drying device meets
well the design requirements.
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ABSTRACT

This paper researches the operation principle structure of a combined root digger that consists of two
spherical disks and, above them, a horizontal shaft with cleaning blades. Mechanical and technological
justification of structural and kinematic parameters and operating modes of combined digger was carried out
based on the analysis of technological process of roots excavation. The dependence of digger operation on
the condition of providing complete digging of the root crops is obtained. Deterministic mathematical models
of the interaction between the cleaning blade and the root head provided no not dumping and non-damaging
of root, were developed.

PE3IOME

HasedeHo 6ydosy ma npuHyun pobomu KombiHO8aHO20 Koravya KopeHernodig, kUl cknadaemmcsi 3
080x cehepuyHux Auckie i pozmawiogaHuli Hal HUMU 20pU30HMasIbHUl 8asl 3 O4YUCHUMU sionamsamu. Ha
OCHOB8I aHani3y mexHorsi02i4HOo20 MPOUECY 8UKOMy8aHHS KOPEHenno0ie nposedeHo MexaHiKo-mexHosoaiyHe
0brpyHmMy8aHHs1 KOHCMPYKMUBHO-KIHEMamu4HUX rnapamempis i pexumie pobomu KoMb6iHO8aHO20 Korauya.
OdepxxaHo 3anexHocmi rnpouyecy pobomu Kona4a 3 ymosu 3abe3rnedyeHHs 08HOMU BUKOMy8aHHS
KopeHennodis. Po3pobrieHo demepmiHogaHi MamemamuyHi Modesii npouyecy e83aemModii o4ucHOI nonami 3
20/108K0K0 KOPEHernody 3 yMoeu Heesubu8aHHsI ma HernowKOOKeHHS miria KopeHemno0y.

INTRODUCTION

Fodder beet as an important crop is a valuable component for feeding dairy herd. Currently in the
country’s agricultural sector fodder beets cultivated areas have been decreased due to defects of root
harvesting machines and quality inconsistencies of their work concerning agrotechnical requirements
(Pogorely and Tatyanko, 2004; Herasymchuk and Baranovsky, 2009). Work analysis of the blade, fork,
vibrating and two-disc digging devices revealed that they significantly damage large roots and significant loss
of small roots takes place. In addition, the constructive and technological parameters of these types of
diggers make impossible to efficiently combine two technological operations of harvesting efficiently —
digging of roots with simultaneous separation of residual tops of their heads (Herasymchuk and Baranovsky,
2009; Kozachenko, 2004).

The tests performed on the cleaners that remove residual tops of fodder beets, showed that the
cleaning technological process has a number of significant shortcomings. The main shortcomings appear
because of the interaction between cleaning blade and the root head. It leads to the dumping of the roots
and respectively to the losses during harvesting (Baranovsky, 2006).

The eligibility criteria for modern requirements for the digging tools in the first place are indicators of
the completeness of roots (loss) digging, their damage and mass of impurities that come to their cleaning
transportation technological systems (Bulgakov et al., 2009).

One of the reserves to increase technological indicators of work quality of root crop machinery is to
improve the technological process by application of diggers that combine passive spherical disk system and
the shaft set above it that contains the elastic cleaning elements. The intensification of the digging process
takes place due to the specific kinematic and dynamic factors arising from the simultaneous interaction
between cleaning elements, the roots head and the root heap (Golovach et al., 2012). It can be concluded
that the installation of the drive shaft with blades allows digging out roots and separating remained tops
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simultaneously, reducing the supply of impurities by the interaction between clearing blades and heap
components (Baranovsky and Potapenko, 2017).

MATERIALS AND METHODS

A large number of working tools designs, digging tools assemblies and layout schemes require a
differentiated approach in the selection, calculation, design, research and implementation of new outcomes
into production. Therefore, classified approach, which takes peculiarities of working bodies, layout schemes
and methods of operation into account, gives an opportunity for analysis and synthesis of the necessary
structural and technological scheme of combined digger for peculiar work conditions. The variety of root
diggers design schemes is connected with the process of harvesting and with structural and technological
requirements to digging quality, roots cleaning and transportation.

Based on identification (analysis and synthesis) of digging tools analogues, the advanced designs of
combined root diggers were submitted. They combine all the advantages and benefits of spherical single
plate digger and usage possibilities in conditions of excessive soil moisture and weed-infested crops. The
structural model and construction of a combined digger are shown in Fig. 1.

THEMAIN-COMBINED-
MAIN-DIGGER: 4 ?[G_G_E_R'SCHEME
SCHEME '

THE-MODIFICATION-COMBINED-SCHEME
5

4
=l

THE-CONSTRUCTURAL-TWO-ROWED-
COMBINED-DIGGER

1-—spherical-disc;-2-—rotation-disc-axis;
3—root-directing-device;4—horizontal-drive-
shaft;-5-—tree-sections-shaft;-6-—flange;-
7,-8,"9-—axis;-10,11-—flat-elastic-blade;-
12,13-—reel’s-end-sections;14-—reel’'s-
intermediate-section;-13,-17—spring-loaded-
refuge;-16,-18-—two-section-spring

Fig. 1 — The development process identification of the combined digger structural and layout scheme

Combined digger consists of two spherical discs 1 set at an angle « to the axis of root row. Disks 1 are
freely planted on their axes of rotation 2. On the front area of the working edge of each spherical disc 1 the
root directing device 3 is set. Above the discs, perpendicular to the direction of the digger motion speedV, , a

horizontal drive shaft 4 is set. The horizontal drive shaft includes a reel 5 that bears flanges 6. The reel of the
horizontal shaft is made of three sections. The axis 7, 8, 9 are set adherently between the flanges of the reel
on its axis range; flat elastic blades 10, 11 are fixed on them. Axis 7 and 8 of two end sections 12, 13 form a
truncated cone, the end sections 12, 13 are directed to each other by smaller bases. Axis 9 of the
intermediate section 14 forms a cylinder. The planes that pass through the axis 7, 9 or 8, 9 of contiguous
sections 12, 14 or 13, 14 are set at an obtuse angle.

When the digger moves, root directing device 3, shifts dumping the row roots to its centre and
spherical disc 1 digs roots. Along with digging roots by rotating the drive shaft 4 flat elastic blades 10, 11 of
the two end sections 12, 13 interact with the heads of roots, while simultaneously cleaning of heads of roots
from residue tops of two adjacent rows and destruction of lumps of soil occur. In addition, flat elastic
elements of intermediate section 14 simultaneously interact with roots and lumps of soil, purifying the roots
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surface, destroying soil clumps, and pushing the heap, located in the space of spherical disks. Its supply is
speeded up to the following transport technology systems of root harvesting machinery.

The installation of the drive shaft with flat blades allows digging out the roots and separating the
remained tops. It reduces the flow of impurities due to the contact interaction between the blades and the
components of root heap. It also increases the technological reliability of the process of digging out the roots
and, as a result, the performance of digger and machinery in general.

The purpose of the research is a further improvement of constructive optimization, kinematic and
technological parameters methods of the functioning process of the harvesting machinery combined diggers.

RESULTS

The main structural and kinematic parameters of combined digger describing the technological
process of digging out roots 1 (Fig. 2) with simultaneous separation of residual tops from their heads are:

- the speed V| of the digger 2; angular speed o, of the horizontal shaft 5 with cleaning blades 9;

- the installation angle S of clearing blades 9 axle 8 to the axis O, of cleaning shaft 5 relative to
position O ;

- or the length | of cleaning elements 9; placement coordinates (H,,b,) of axis O, of cleaning shaft 5
relative to position O or axis 3 of free rotation of disk 2 with the diameter D, which is set at a depth of
stroke h and at the angle « to the axis of root row 1.

The translational speed V| of the digger is regulated by the requirements of the root harvesting
technical process. Current requirements define the harvesting machinery root speed during the harvesting
process within 1.8...2.0 m/s.

For the root loss elimination by ensuring the completeness of fodder beet digging, the condition (1)
must be provided (Fig. 2):

De = 2450y + 2420y + 21 1)
where b, — groove width, formed by the spherical disc, [m];
Aspax — the maximum transverse deviation of the digger during its movement relative to the row
axis, [m];
Azpax — the maximum transverse deviation of root centre relative to the row axis, [m];
r, — the average radius of the root head, [m].
According to Husak and Brychykova (2012) and taking into account (1) it can be written:
be =2V2hR—h? | [m]; b, =b,sine; 2)
2(ASmax + AZmax )+ i
2,/h(D-h)

Last formulas (2), (3) describe the angle change « of setting of the spherical digging disc relative to
the fodder beet longitudinal axes depending on the disk basic parameters and the root head diameter,
provided completeness of digging out or losses elimination.

Fig. 3 shows the graphic representation of angle change « according to the dependence (2), (3) at
ASpax =3 €M, Az =5 ¢m, which can be used as a monogram for determining the basic disc parameters,

2sinay[h(D—h) > 245y + 2420y + 2T ; @ > arcsin

©)

depending on root size characteristics.

The monogram is to be used as follows.

The field roots with the average diameter, such as dy =12...15 cm (Fig. 3a) and selected spherical
discs standard diameters, such as D =40 and 45 cm, determine the angle changing limits. The « of a disc
installation is related to the longitudinal axis of the fodder beet location, which satisfies the condition of
dependence (3): a disk with the diameter D =40 cm, 0.61 <« <0.7 rad or 34° < <40° and with the
diameter D =45 cm, 0.57 < <0.66 rad or 32°< o < 37°.

Then, for defined change limits of the disc installation angle 0,61 <« <0,7 rad and 0,57 <« <0,66 rad
relative to the longitudinal axis of the roots location, for the diameter of d, = 12...15 cm (Fig. 3b) find out the

depth h of disc motion that satisfies the condition (4) and h>7.8 and h>8.6 cm.
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In addition, for the disc spherical diameter D =45 cm and « <0.66 rad. (Fig. 3b) the disc stroke depth
h > 8.6 cm and for the diameter D =40 cm and « <0.7 rad — h>9.0 cm.

Fig. 2 - The scheme for calculating the parameters of the combined digger

1 - root; 2 — one-sided spherical disc; 3 — axis of disk rotation; 4 —

root directing device; 5 — horizontal drive shaft; 6 — flange;

7 — reel; 8 — axis; 9 — cleaning blade; 10 — beater
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Fig. 3— Changes dependencies on the angle of installation of the digging disk
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Changes dependencies on the critical angular velocity of the digger drive shaft blade

As the rational (technological) effectiveness of the cleaning shaft is provided due to the blade contact
plane on the root head, it is under the direct (or close to it) angle. Being related to the plane which passes
through the external cutting edge of the disk, it can be considered the angle §, which characterizes the

constructive installation of axes, on which the blades are set, will be equal to the attack angle « of the disk
(orclosetoit), fz«.

According to Fig. 2, it can be considered that the distance OO, =c;,lhcz +R? + Akcosar +05d,, cos
where h. — depth of the disk [m]; 4k — the technological gap between the outer edge of the cutting disc and
the outer surface of the cleaning shaft, [m]; 0,5d,, —the diameter of the cleaning shaft [m].

Then the horizontal coordinate of the centre O, of the clearing shaft is determined as:

b, = coos & = [\lhcz +0,25D2 +(Ak +05d, )cos a}COSa (4)

The distance H and H, that define the vertical coordinate of centre placement O, of the clearing
shaft is given by:
H=r+l+hg; Hy=[Ry+(4k'+r,)sina]sina (5)
To analyse the cleaning blade and the root head interaction, one should consider that the axis O (Fig.
4) of the cleaning shaft is perpendicular to the plane of moving coordinate Oxyz and to the row axis and it is

above the soil surface at a distance H . The blade AM with the length | is pivotally suspended on the axis
A, which is off-centre of the shaft in the value of the rotation radius r and rotated relatively to the axis O at
angle g, or relatively to the axis of the row at the angle 90° -f.

The blade end describes a radius circle R, of the rotation with a constant angular velocity @, on the
plane Oxz . The blade position AM is determined by the angle ¢ between the vertical and the described
circle radius R, .

The cleaning blade interaction with a root (the impact centre) is at a point M , located at the distance
h, from the surface. The rotation axis O of the clearing shaft moves with the constant forward speed V

relatively to fixed coordinates O;xq Y12, .

Y

Fig. 4 — Scheme of interaction of the blade with the root crop

In this case there is the blade complex plane motion that is also involved in translational motion with
digger speed V| relatively to the fixed coordinates O;x;y;z; and rotational motion around a fixed axis Oy .

The blade impact force on the root head at the point M is determined by Newton’s Second Law
(Landau and Lifshitz, 2012):
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md /dt =F , or md = Fdt (6)
where m —blade weight brought in the centre of impact, [kgl;

F —impact force, [N];

t —impact time, [s]

The rotation axis A, on which the cleaning shaft blades are fixed, moves relatively to the fixed axes
O1x1 Y121 with a constant speedV, and is equal to:

V, =V cos Q)
where B — the angle between the axes directions of the roots row and the rotation axis A of the blades,
[deq].

Absolute velocity vector of blade impact V, is the vectors sum of the blade relative velocity V, and
transport velocity V,, hence:

Va =V, =V =V, =V cos .. ®)

Detailed research of cleaning root heads from the remained tops is conditionally divided into two
stages: the first stage - blade contact with the root body; the second stage - the remained tops removal from
a root head. Each stage is divided into three other stages: initial, intermediate and final. The first stage
begins with the contact of the blade end with the root body and it ends when the blade takes a vertical
position. This stage is characterized by the fact that the blade impact force on the root crop is initially
directed upwards, while at the end — horizontally to the ground surface. The second stage finishes when the
blade ends the contact first horizontally and then downward. The second stage ends when the root heads
cleaning from the remained tops is finished.

For not damaging the roots the following condition should be fulfilled: allowable blade impact forcing
on the root should not exceed the permissible specific pressure of compression of root’s body. The allowed
blade impact force (contact) to the root should not exceed the allowable force of dumping root from the soil
(Baranovsky et al., 2010):

g_k< [O'cm]; F < [Pn] )
k

where S, — contact area, [m2];
F¢ — blades contact force (impact), [N];
[oem] — allowable pressure of root body compression, [N/m?];
[P,] — allowable power of root dumping from the soil, [N].
During the blade free rotation with angular velocity o, inertia centrifugal force F, occurs, which is

directed along the blade and forces the blade to take position along the radius direction r of the hinge A
(Bolotyn et al., 2010):

Fr = Ma2R, coSs (10)
where F, —the inertia centrifugal force, [N];
w, — blades rotation angular velocity, [rad/s];
R, — cleaning shaft radius, [m];
@ —the angle between the vertical axis Oz and the radius of the circumscribed circle R,, [rad].
In addition, during the first stage, the gravity force G=mg has an effect on the blade, which is

concentrated in the of blade mass centre, that is located at a distance r+1 from the rotation axis and is
directed along the Oz -axis. What is more, there is the blades inertia force in the contact point, which is
directed perpendicular to the blade in the direction of its rotation and Coriolis inertial force
K=—2mR0(/'J(a)0 ><Vo), directed along the Ox -axis in the direction opposite to the direction of Coriolis

acceleration w, =2R,¢(w, xV,), which does not affect the power balance in the Oxyz coordinate system.

From these forces action on the root head the reactive force N of coherence of the root with soil occurs,
which can be decomposed into two components — horizontal force N, , which affects the roots dumping from

the soil and a vertical force N, of pulling root from the soil.
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The bodies system "the blade of the cleaner — a root" will be in equilibrium at the impact time, with the
following condition:

2 dt

where T — the kinetic energy of the cleaner blade in the area of impact, [J];
V. —impact velocity, [m/s].

2
o) sm<biv. ay

The kinetic energy of cleaning shaft consists in the mass centre kinetic energy of the blade, which
depends on the translational motion speed V, related inertia axes O;xy;z; and kinetic energy of the axes

Oxyz that move. The rotation speed of the blade mass centre around the axis of the cleansing shaft at a
speed V, in the distance (r+I=R,), where r — the axes radius A is related to the shaft centre O, [m]; | —

the blade’s length, [m].
The speed module of the blade mass centre is relative to the axis of rotation (Bolotyn et al., 2010):

V, = Ryc0s @ = (r +1 ), cOS 0 (12)
According to Landau and Lifshitz (2012) the material system kinetic energy is the sum of kinetic
energies of all points that are in the bodies system, which is written in general terms:

T= %Zn: m(\/c2 + 2V, +vr2) (13)
i=1

Considering (8) and after converting the blade kinetic energy, which also rotates around the axis with
the tangential speed V, and moves with forward speed V| kinetic energy components are (Bolotyn et al., 2010):

1 1 (dpg ) 1 m
T:Emvoz+mV0VF+Tl’; Trziln( cioj :—Ina)g; InZE(a2+|2) (14)

where T, —the kinetic energy of blade rotation, [J];

I, — blade inertia moment relative to the rotation axis, that is shaped like a cuboid with sides
2ax2bx2l [kg mz];
¢, — blade rotation angle, [rad];

a — the blade width, [m].
The blade impact on the roots head that are above the soil is provided by the contact of the blade’s
free end, that is in the distance of traveling radius-vector p=r +1 from the axis of blade rotation.

According to the law of change in kinetic energy and considering that the brought blade’s mass centre
is centered on its free end, the equation (13) will be as follows:

2
d d
Th =1mvkzcoszﬂ+mvk &pCOSﬂCOS¢+m 2% (a2+I2). (15)
2 dt 6\ dt
Full time t kinetic energy derivative of a material point is equal to a total elementary work of all active

forces that applied to the forces point and a time t derivative of the work A. [J] is equal to the total capacity
of all powers N [J/s], that are applied to the system (Landau and Lifshitz, 2012 ):

d(mVa ] _d e bedr - 9 (Ao N e 1% o Ty ing-n.Jd
E{TJ_E(AC)_[PH] dry; E(Ac)—Nc—[Pn]E—[Pn] Ve [Pn]kas'nﬂ—Nc—a(T)- (16)

Considering the operating speed V| of the combined digger (cleaning shaft) as linear and uniform (
V| =const ), the first time derivative of equations (16) will look like:

d de 2 de d(OO m da)o 2 2
—(T, )=m — M, cos m —= | —= |pcos /3 cos a“ +1 17
) ( dt }/k p [ a | dt S s %( " ) "

Thus, for the cleaning shaft with blades that are performed in the form of a cuboid, the condition of not
dumping the roots from the soil by the cleaning blades is:

[P ] metgBcos g AV |, mectgBcos o dVy (d_¢]+ ma)o(a2+lz) day (18)
e dt Vi dt A\ dt ) 3vgsinBcose| dt
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Dependence between the basic structural and kinematic parameters of the combined digger drive
shaft, kinematic parameters of the process of residual tops remove from the root heads and the dimensional
characteristics of root heads can be represented in the form (Baranovsky et al., 2010):

(dk +24/Dohy —hfj (dk + 242,00y —hfj

Z= NogZg: Vi =
Vi 040 k Py

where z —the blade beats number on the root head for each rotation of the shaft, [pcs.];
h, — height of the root head above ground, [m];

@02 (19)

n, — the cleaner blade rotational speed, [rpm];
z, —number of axes, placed on the reel of the shaft, [pcs.].
Substituting the value V| of equation (19) in equation (18) and taking into account the condition (9) we

obtained the mathematical model of the process of cleaning shaft blade interaction combined digger with the
root head depending on agro biological characteristics and parameters of the combined digger clearing
shaft:

—which describes the condition of not dumping the root from soil by the cleaning shaft blades:

Fy

/ 2
_ 2mo 2oty (de] Zo(dk+2 ka—hkjcosﬂ+cos¢[d_¢j+ (a2+|2) (d%J ] 2o
) Zo(dk+2«’2phk—h|f) dt dt ) 3pcos fcose | dVy

—which describes the condition of not damaging the root by the blades of the cleaning shaft:

2
20 206t [dvkj Zo(dk +2,/2phy —hy )cosﬂ N Cosq)[d_go}_ﬂ[%) S[Ucm]' 21)

Ocmp = —_K
Skzo(dk+2w/2phk—hf) at 2mp w, \ dt ) 3pcos geose| dvy

Accordingly, the blade critical angular velocity w(',‘p of horizontal cleaning shaft, that provides the

2nzp g

combined digger rational work of fodder beets can be defined:
— for the condition of not dumping the root by the cleaning shaft blades:

[Py
— = —ctgpcos
av, gpcos
m IR L
dt 22)
!az +I2!
. + ptg s cos ¢
3psingcos g
—or the condition of non-damaging the root body by the cleaning shaft blades:
S
M_Ctgﬂcosﬂ
m(dvk)

k
Q)O_np SVk

K dt
@007 <V 22 (23)

a“+
. + petg cos
3psingcos ¢

According to the obtained mathematical models (20) — (23) there are determined dependencies: force
variation of dumping of the roots as a function F ; = f(de / dt) (Fig. 5a, b), compression pressure of a root

as a function o¢m; = f(Sy) (Fig. 5¢, d), the blade critical angular velocity as a function @, < = ([P, m) (Fig.

6a), @, P = f([P,] ) (Fig. 6b), @o P = f(ocmhm), (Fig. 6¢), @, P = f(ocmhp), (fig. 6d) when m=0.5 kg;
d, =0.15m; h, =0.07m; p=0,2m; I =0.15m.

Graphic dependences analysis shows that the blades contact (impact) horizontal force with the roots
head, in the shape of a cuboid, varies within 180...500 N depending on changes in angular velocity of the
cleaning shaft of the combined digger, a specific blade pressure on the root body is in the range of 130...260
N/m?. According to experimental studies (Pogorely and Tatyanko, 2004; Herasymchuk and Baranovsky,
2009) the power of root dumping from the soil, depending on the height h, of the roots above the soll

70



Vol. 54, No. 1 /2018 INMATEH — icultural

surface, the root diameter d, and depth h of its bedding in the soil, is in the range of [Pn]= 0.15...0,4 kN,
and permissible compression stress — [o¢y|= 140...300 N/m?.

Hence, the critical angular velocity value of the blade with the condition of not dumping the roots from
the soil and the digger’s speed V| =1.5 m/s depends on the change of blades mass m=0.1...0.5 kg. It is in

the range a)o_ﬁp =23...100 rad/s. The value of contact circumcircle radius of the blade with the root head is

o = 0,3 m; depending on changes of p = 0.1..0.3 m at m=0,25 kg - 69...82 rad/s (Fig. 6a, b), and

accordingly, the condition of the non-damaging of roots - at critical values of angular velocity of a)o_ﬁp =

500 400
Fk.n: H k Fk.k . H
420 340
\\ 5 \
340 k \:\\S\‘ 4 280 A\
\\\__.——‘—"—“—' \\\ZS
260 S 3 220 <
1?‘"\--_...____ 1&%\_‘_‘_ 4
—" 2 k e
180 160 e ml
10 10 -
.02 o 0-04 dV:/dr mis? 0.08 .02 p 0-04 dVi/dt.mis? 0.08
Gomy 300 . o 140 .
H/m2 275 H/m2 130
250 120
225 110
4 3
200 100 4 3
175 2 00
150 80 2
125 3 70 1
100 60
0.1 012 0.14 0.16 5§, m2 0.2 01 012 0.14 0.16 5, .m2 02
c ' d '

33...115 rad/s and @, P = 54...100 rad/s (Fig. 6c, d).

Fig. 5— Dependence of change
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Fig. 6 — Changes dependencies on the critical angular velocity of the digger drive shaft blade

a— a’o.ﬁp = f([Pn]vm)? b — wo.lrip = f([Pn]’P)? c— a’o.ﬁp = f([o'cm]ym)? d — a’o.ir(\p = f([O'cm],p)
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CONCLUSIONS

As a result of the technological process of the combined root digger, the following values of its key
structural and kinematic parameters were determined: the disc’s diameter — D = 0,45 m; blades angular
velocity — @, = 60...65 rad/s; the disc attack angle — « = 32-37°; the axis setting angle of reel — = 30

cleaning blade weight — m= 0,22...0,25 kg; the reel axles number — 4 pcs.

The method and results obtained in theoretical researches can be used by specialists at design
engineering bureaus for development of new or improvement of existing combined cleaning systems of root
crop harvesting machinery.
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ABSTRACT

Grain harvesting equipment completes cutting, threshing, cleaning and separation work
simultaneously, but traditional single-speed all-feed axial-flow threshers cannot adapt to complicated work
situations. We put forward a design approach for an all-feed axial-flow with a same-diameter differential-
speed thresher to further reduce the grain-crushing rate and threshing loss rate when operating. We test for
Xieyou No. 518 rice and obtain the distribution rule of grain mixture after threshed via experimental
comparison of a differential-speed thresher versus a single-speed thresher. The results of this research show
that the threshing effect of the differential-speed thresher is better than the single-speed thresher and that
the first has a lower grain crushing rate and a lower threshing loss rate of 18.0% and 15.8%, respectively.
We found this result by analyzing the grain threshed axial distribution, grain crushing rate and threshing loss
rate. This study provides a new theoretical and structural reference for the study of separation devices for
grain combine harvesters to adapt to the complex harvesting conditions in China.
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LI G L AFLFE— K e F) s or Tt LT 16 T BIEE A ST IR T A GE S
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PIEAN B [T AT LA B FEE s ESTEME 518 SR F0a FEEAT [ 15 I A 8 -7 B AR T 1
W7 LT, T3E TAKFTHIRL I BHE . X R B R B 1 7l PR R TG 1 R
BRFEY: AT E LR TR BRI T HEE W FLIR » FENC T ARG IR E, 0 H T
18. 0% FlI 15. 8%0 KBTI 5 FlH Z T IV G AL R BLBERL 7 B R B I TR T RTHIFE ie R 5T 2% -

INTRODUCTION

China is the world's largest producer of grain, with a planting area of 94,370.8 km?, accounting for
21.98% of the world’s grain production (Center A.-T.P., 2017). The wide area, the staggered terrain
distribution, and the complicated farming system in China have led to a penetration rate of agricultural
machinery of only 63% (Li H., 2017). The difference in seasonal conditions for grain harvesting leads to the
difficult and uneven separation of straw and grain. In northern harvests, the proportion of dry straw was
larger, while in the southern harvests during rainy season the moisture content of straw was relatively high,
resulting in the phenomenon of blocking and incomplete threshing during grain combine harvest. The all-feed
axial-flow grain combine harvester was developed in the 1980s. It has the advantages of high production
efficiency, a high trash content rate, a low threshing loss rate and high adaptability compared with the all-
feed horizontal axial-flow grain combine harvester (Watanabe N., 2017). The performance of the grain
combine harvester is directly affected by the quality of the threshing during the harvesting process. This topic
has been widely studied by scholars in recent years.
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Qian et al. studied the influence factors of the process of rice flexible tooth threshing and analyzed the
multi-friction dynamic contact process of the flexible tooth with the material during operation. The combined
effect of the combine harvester was improved and the grain crush rate was reduced by using the multi-
correlation matrix and the four-point weighted evaluation method (Qian Z. et al., 2017). Singh et al. designed
a rice threshing mechanism for the rice harvest of small fields and steep slopes. The influence of the spacing
and height of the threshing ring on the separation effect was analyzed by the response surface method and
the optimal parameters were obtained, thus reducing production costs (32 kg and INR 3500 or 88 US$) and
increasing the efficiency of the threshing to 94.6% (Singh K P., 2008). Valge as well as Kile et al. studied the
structure of the grain thresher by the method of multi-evaluation index parameter optimization and obtained
the best threshing effect, which improved the complete work efficiency and grain harvest operation (Kile R J.,
2013; Valge A.M. et al, 2017; Ye J. et al, 2017). Putri et al. redesigned the grain thresher by the method of
rapid upper limb assessment (RULA), which effectively reduced injury to farmers and improved the
machine's efficiency (Putri N.T. et al, 2016). Dogra et al. developed a long nail-toothed threshing mechanism
for bean crops, and the multi-level parameter optimization for threshing linear velocity and feeding was
studied. The optimal parameters were determined and obtained the threshing break rate, non-collectable
losses, the threshing clear rate and threshing efficiency were 0.68%, 0.27%, 98.63% and 99.56%
respectively (Dogra B, 2014). Yousif et al. developed a threshing device for harvesting sorghum in the event
of rain and verified the working and economic efficiency by test experiments (Yousif L.A. et al, 2012). Li et al.
studied the different threshing structures such as spike tooth cylinder, rectangular tooth cylinder, and
combined spike tooth with short-rasp-bar tooth. The results showed that the combined spike tooth with short-
rasp-bar tooth has a better threshing effect and lower power consumption by analysis of the multi-indicator
assessment factors (Li Y et al, 2009). Soon afterwards, Tang et al. studied the influence of different threshing
elements in terms of the shear flow and longitudinal axial-flow thresher on operation performance and
showed that the shear flow thresher using a blade tooth and the longitudinal axial-flow thresher using a spike
tooth have better operational effectiveness when the feed is larger (Tang Z. et al, 2011). Dai et al. developed
a new type of longitudinal axial-flow thresher device to increase the axial material delivery speed and reduce
power consumption, obtaining better efficiency of the grain combine harvester (Dai F., 2011). Tong et al.
presented a numerical simulation of the mixed flow field in the blower threshing drum and structural
improvement method of the axial-flow (Tong S. et al, 2016). They analyzed the influence of vibrating screen
surface airflow velocity on the airflow in the thresher cylinder and optimized the parameters by the orthogonal
test, and the optimization results were then verified by the field-threshing test.

Although the all-feed axial-flow thresher has been widely used in the threshing system of the grain
combine harvester, there are some shortcomings. In the traditional single-speed all-feed axial-flow thresher,
the feeding amount is larger, which can cause the feed inlet to block, leading to a higher threshing loss rate
and grain crushing rate as well as a poor threshing effect. In this paper, we developed a new type of all-feed
axial-flow separation device with same-diameter differential-speed without increasing the length of the
threshing cylinder, to overcome the above shortcomings, and more adaptability. The effect of the new
thresher is verified by test experiments.

MATERIALS AND METHODS
Materials of experiments

Test for Xieyou No. 518 rice: yield of about 7500 kg/hmz, natural plant height of 1200 mm. The
average length of the stalk was 855 mm when threshing, the grain thousand-seed weight was 35.89¢, the
ratio of grass and grains was 1.76, and the water contents of grains and stalks were 14.6% and 58.6%,
respectively.
Experimental installation

The experimental installations were the traditional all-feed axial-flow single-speed thresher and the all-
feed axial-flow differential-speed thresher designed by our laboratory. The two kinds of threshers had the
same total length, diameter of threshing cylinder, and threshing device structure. The speed of the high and
low differential-speed threshing cylinders was 799 r/min and 555 r/min, respectively, according to formula (1);
the length of the high and low speed threshing cylinders was 430 mm and 1050 mm, respectively, according
to formula (2). Moreover, the anti-interference device was designed according to two differential-speed
threshing cylinders.
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As shown in Figure 1, the coaxial differential-speed threshing drum was made up of a low-speed
threshing cylinder with an active bevel gear 3 and a driven bevel gear 6, and a high-speed threshing cylinder
with an active bevel gear 4 and a driven bevel gear 5.

According to the design method of bevel gear drive, Tao Z. (2015) obtained that the tooth humber of
the active bevel gear 3 was 21, the tooth number of the driven bevel gear 6 was 32, the transmission ratio
was 0.66, the tooth number of the active bevel gear 4 was 18, the tooth number of driven bevel gear 5 was
20 and the transmission ratio was 0.9.

30Ky,
zr

n,=Kn, = )

where, N, is the high speed drum speed (r/min); N, is the low speed drum speed (r/min); K is the high

speed drum and low speed roller linear speed ratio, (K=26/18=1.44); v1 is the low speed drum linear speed
(r/min); r is the radius of the threshing drum, (r=0. 3lm)
L = AR ¢ @)
Where:
L; is the length of the grid-type concave plate in the low-speed drum segment (mm);
€ - the percentage of the feeding which has been separated (%); €= 0.55 ~0.60 set 0.60;
g - the feeding amount (kg/s), set 3.5 kg;
A - the unit area productivity of the grid-type concave plate (kg/mz's), set 1.5;
R - arc radius (mm), set R =33 mm (included in the clearance of inlet plate 2 mm);
@ -the curved plate Angle (°), set ¢ = 220°.
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Fig. 1 - All-feed axial-flow same-diameter differential-speed thresher
1-Power pulley; 2- The shaft; 3-Low speed cylinder driving bevel gear; 4-High speed cylinder driving bevel gears;
5-High speed driven bevel gears; 6-Low speed driven bevel gears; 7-Low speed cylinder;
8-Grid concave plate; 9-Transition ring; 10-High speed cylinder

Experiment design

In accordance with the actual harvest process and the feeding amount of 3.0 kg/s, the procedure can
be briefly described as follows: the speed of the single rotational speed threshing cylinder is set at 650r/min
and the high and low rotational speed cylinders of same-diameter differential-speed thresher are 799 r/min
and 555 r/min respectively. Then the materials are put evenly onto the conveyor belt and packing auger
transports them into the threshing cylinder. Most of the weeds were expelled from the drain when threshed
and other materials fell down from the grid concave plate into the collection box. The material collection box
was a total of 60 squares (the square area was axial 140mm x radial 130 mm) (Dai F et al, 2011; Li Y et al,
2008), as shown in Table 1. The power consumed was the average value of the sample time beginning with
the materials entering the threshing drum to the materials being discharged completely. In order to ensure
the accuracy of the measurement results, all the materials in receiving boxes and the loss of the granules
were manually treated.
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Table 1
The distribution design of test collection

Feeding mouth Axial direction(1400mm)

1 21 31 41 51 61 71 81 9-1 101

12 22 32 42 52 62 72 82 92 102
o 13 23 33 43 53 63 7-3 83 93 103

Radial direction 1 4 24 34 44 54 64 7-4 84 94 104
(1040mm) 15 25 35 45 55 65 7-5 85 95 105
16 26 36 46 56 66 7-6 86 96 106

1-7 27 37 47 57 67 7-7 87 97 107

1-8 28 38 48 58 68 7-8 88 98 108

Straw

outlet

RESULTS
e The power consumption of the same diameter differential speed thresher
In the case of continuous feeding, the removal of cylinder consumption power N can be obtained by
the following formula ( Li Y. et al, 2009; Tang Z. 2012)

2
N =N, +N, = Ao+ B’ + &1

3
1-f ©)

where:
Np is the consumption power of the empty drum of threshing, (KW);

Nt - the consumption power of threshing, (KW);

A - the resistance coefficient caused by friction of bearing;

B - the resistance coefficient caused by air resistance;

w - angular velocity of the threshing cylinder, (1/s);

¢ - material elastomer correction coefficient;

g - feeding amount, (kg/s);

v - linear speed of the threshing cylinder (m/s);

f - the friction coefficient of the materials through the gap (f = 0.75).

The angular velocity of the high rotational speed cylinder was 1.4 times the angular velocity of the low
rotational speed cylinder, according to the calculation results of Section 2.2.

The proportion of materials in the high-speed rotational cylinder was less than 1/3, and the grain was
threshed; the consumption power of the high rotational speed cylinder was lower. When the feeding quantity
was 2.0 kg/s, the consumption power of the high rotational speed cylinder was about 47% of the low
rotational speed cylinder. Therefore, the total consumption power of the differential-speed thresher was
lower.

e Analysis of the distribution of the threshed grain

Figure 2 shows the sample collection after the test of the single-speed and differential-speed
threshers. As shown in Figure 3 (a), the percentage of threshed grain by the differential-speed thresher was
higher than that of the single-speed thresher, and the threshing loss rate and grain-crushing rate of the
differential-speed thresher were lower than that of the single-speed thresher.

The working efficiency was improved according to the different disposal of materials under the
different rotation speeds of the differential-speed thresher, and the weeds were removed while the low
rotational speed threshing cylinder was working, reducing the threshing loss rate and grain breakage rate.

As shown in Fig. 3 (b), a materials packing phenomenon could be observed in the feeding end with
both kinds of speed threshers, however, the distribution of materials by the differential-speed threshing was
uniform. The differential-speed thresher distributed the power evenly with balanced consumption by the
threshing cylinder.
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(a) Single-speed thresher (b) Differential-speed thresher
Fig. 2 - Single- and differential-speed threshed mixture distribution
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Fig. 3 - Single- and differential-speed threshed mixture distribution

(1) Analysis of the distribution results of the grains threshed

As shown in Fig 4, the distribution trend of the grains was consistent with the distribution trend of the
threshed mixture and was mainly concentrated in the first half of the threshing cylinder, because more than
90% of the grain was threshed in the forepart of the thresher (Tang Z, Li Y, Xu L, et al. 2011). The
differential-speed thresher was favourable to material flow in the threshing cylinder, which made the
distribution of the threshed grains more uniform than was observed in the single-speed thresher.
(2) Analysis of the distribution results of the threshing trash accounts

As shown in Fig 5, the threshing trash accounts distribution of the single speed thresher at the 320
mm-1400 mm section (the front of the axial cylinder), which was significantly higher than that of the 0-320
segment (the posterior segment of the axial cylinder) according to the axial distribution; the trash distribution
of the differential speed thresher was more uniform and reasonable than that of the single-speed thresher.

The threshing trash accounts distribution of the forepart of the differential-speed thresher was
significantly lower than the forepart of the single-speed thresher, which was beneficial to grain mixture
screening.
(3) Analysis of the distribution results of the crushing grains threshed

As shown in Fig. 6, the precursors of the single rotational speed-threshing cylinder (320-1400
segment) are significantly higher than the posterior segment (0-320 segment). Furthermore, the single
rotational speed will thresh the grain and strike again, leading to a higher grain fragmentation rate. According
to the grain crushing rate statistical result, the differential-speed thresher operation was superior to that of
the single-speed thresher, but only by about 5%, meaning that it is able to perform sufficiently during
operations.
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e Analysis of the grain crushing rate and threshing loss rate

We selected the rice varieties provided in section 2.1 to carry out the rice threshing comparative test.
Under the same working conditions, we calculated the grain crushing rate and threshing loss rate according
to the specified calculation method (Dai F, Gao A, Sun W, et al. 2011; Tong S, Shen Q, Tang N, et al. 2016)
as shown in Tables 2 and 3. The threshing loss rate of the differential-speed thresher was 15.8% lower than
that of the single-speed thresher and had a good threshing effect. The grain crushing rate of the differential-
speed thresher was 18% lower than that of the single-speed thresher when harvesting high-yield rice, which
is in line with the requirements for high-quality operations.
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Table 2
Test of grain threshing loss
Percentage of cleaning loss (%)
No. - - - Remark
Differential speed Single speed
1 12 14.4
2 8.6 9.8 The accumulation condition of the
3 11.8 13.9 left side of thg fror.1t of a single-
4 13.5 15.1 fsep);e?stlr;rrzser:lng sieve when the
5 12.2 15.8
Average 11.6 13.8
Table 3
Test of rice grain crushing
No. . Per(‘tentage of crus.hlng (%) Remark
Differential speed Single speed
1 0.06 0.08
2 0.10 0.12 The accumulation condition of the left
3 0.08 0.09 side of the front of a single speed
4 0.05 0.06 threshing sieve when the feed is larger
5 0.12 0.15
Average 0.082 0.10

CONCLUSIONS

In this paper, we compared the traditional all-feed axial-flow single-speed thresher and the all-feed

axial-flow same-diameter differential-speed thresher by grain mixture threshing experiments, and reached
the following conclusions:

)

)

3

We designed an all-feed axial-flow same-diameter differential-speed thresher to improve the
comprehensive effect of a grain combine harvester and determined the rotational speed and the length
of the high and low rotational speed cylinders according to actual operation conditions.

The distribution of axial distribution of grain mixture, grains, trash accounts, and crushed grain was
obtained by comparing a single-speed thresher and a differential-speed thresher. The results show
that the distribution of the threshed grain mixture and the threshed grain gradually decreased from the
previous to the latter, and the greatest packing phenomenon occurred closest to the feeding mouth.
The distribution of the differential-speed thresher was more uniform than that of the single-speed
thresher. The waste distribution of the forepart of the differential-speed thresher was significantly lower
than the forepart of the single-speed thresher, which was beneficial to grain mixture screening.

The experimental results of the two kinds of separation devices were compared and analyzing the
grain crushing rate and the threshing loss rate, we found that the grain-crushing rate and the threshing
loss rate of the differential-speed thresher were lower than that of the single-speed thresher. This is in
line with the demands for high-quality operation of combine harvesters.
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ABSTRACT

We suggest the construction of pseudofluidized layer grain dryer, which allows carrying out grain
recirculation inside the dryer with interchange of heating-cooling cycles and providing the possibility to supply
drying agent with high temperature into the drying chamber without risking degradation of grain material
quality. The dependence of grain heating temperature on drying duration, drying agent temperature and
airflow rate are determined. Experimental investigations allowed establishing the rational values of the
factors restricting grain overheating beyond maximum permissible temperature.

PE3IOME

lMpednoxeHa KOHCMPYKUUST 3€PHOCYWUITKU NICEBO00XUXEHHO20 C/1051, 10380/15I0Uasi ocyu,ecmeums
PEUUPKYASAUU 3epHa 6Hympu CYwusnku ¢ 4YepedogaHUeM UUKII08 Hazpesa-oxnaxo0eHuss u Oarowas
B803MOXHOCMb 1odasamb 8 CYWUSbHYK KaMepy a2eHm CYWwKu C 8bicokol memnepamypoli 6e3 pucka
yXyOweHusi Kayecmsa 3epH08020 Mamepuarna. OnpedeneHbl 3agUcUMOCMU meMnepamypbl Hagpesa 3epHa
om npodormKkumMenbHOCMU CywKu, meMrepamypbl azeHma CywkKu U CKopocmu 8030yWHO20 MOoMmoka.
SKcnepumeHmarnsHble ucciedosaHuss M0380MUAU  YCMaHOBUMb  pauuUOHaslbHble 3Ha4YeHUs OaHHbIX
¢ghakmopos, o3eonisiroujue He nepeepems 3ePHO 8biuie rpedesibHO 0onycmuMol memnepamypsbi.

INTRODUCTION

New dryer construction is suggested. Its technological process is carried out at the account of grain
layer pseudofluidization by drying agent.

The investigations to prove technological parameters of drying installation and determine their possible
values providing the preset variation limits of wheat seeds temperature and eliminating grain overheating
were carried out. To process experimental results we applied experimental statistics. Regression equation is
obtained to determine optimal technological parameters of the dryer.

Grain losses and its quality decrease are caused by many factors, including imperfection of
dehydration technique. Safety and improvement of technological qualities of harvested grain is achieved,
first, by drying. Drying on the account of using scientifically grounded modes, allows increasing efficiency of
the process, resistance of stored grain, improving its seed and food qualities (Tarasenko A.P., 2008; Pilipyuk
V.L., 2009; Zhuravlev A.P., 2014).

Nowadays in Russia there is the situation of grain being concentrated at agricultural producer while
the technical base of its processing is in the possession of other holders. In this situation, the producer has to
sell raw material under very unprofitable conditions. Accordingly, creation of small-sized mobile machinery to
organize own grain drying at producer is the most promising direction of agricultural enterprise development
(Shhitov S.V., Krivutsa Z.F., Kozlov A.V., 2016; Bibik G.A., 2016; Volkov A.V., 2017).

Based on the comparison of the most effective existing methods of grain drying, providing high
process rate and small sizes of drying installations of new types “vibrating fluid bed”, “falling bed”,
“suspension bed”, “pseudofluidized layer’ (Volzhentsev A.V., 2014; Kalashnikova N.V. u Volzhentsev A.V.,
2009; Kuznetsov Y.A., Volzhentsev A.V., Kolomeichenko A.V., Kalashnikova L.V., 2017), it is possible to
stress that the utilization of “pseudofluidized layer” type installations prove maximum potential to increase
efficiency and intensity of drying process.
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MATERIALS AND METHODS

General view and basic constructional units of the developed experimental drying installation are
presented in figures 1 and 2.

Alteration and control of the basic parameters of the drying installation were carried out in the following
way:

— the air flow pressure adjustment at inlet and outlet from grain layer was provided by alteration of flow
section of forced-draught fan VL14-46-2,5-01A. Pressure control is done by digital differential pressure
gauge DMT-01M;

— the air flow rate in drying chamber was measured by digital differential pressure gauge DMT-01M.
However, the flow rate of drying agent was determined at 9 points: at 6 points along drying chamber walls
and at 3 points along symmetry axis of functional area, stretching from loading hole to outlet louver;

Fig. 1 — General view of pseudofluidized layer experimental dryer

10

14

Y

sl
/
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-

Fig. 2 — Constructional units of drying installation
1 — working chamber; 2 — slider; 3 — unloading sleeve; 4 — electric heater; 5 — diffuser; 6 — frame; 7 — fan; 8 — electric engine frame;
9 — loading sleeve; 10 — plug of technological hole for measurements; 11 — console unit; 12 — measuring instruments;
13 - electric engine; 14 — cooling chamber; 15 — drying chamber; 16 - holder
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— the temperature of drying agent in lower turning joint and in drying chamber was controlled
according to the data of digital differential pressure gauge DMD-01M. The necessary drying agent
temperature was provided with periodical switching off one or more sections of electric heater.

RESULTS

Technological process of experimental dryer operation proved that the main factors determining grain
drying quality are drying agent temperature and drying time.

The investigations were carried out to ground technological parameters of drying installation and
determining their possible values providing the specified limits of seed wheat temperature variations and
eliminating grain overheating. In this regard, it was necessary to study the temperature changes of drying
agent t and drying time Byying. in the heating temperature T of pseudofluidized grain layer.

Drying agent temperature t, °C was selected with the following values: 60; 80; 100. Temperature
variation was done by means of switching on and switching off additional sections of electric heater. Drying
time Bgyring., S€C Was admitted equal to 100; 200; 300; 400; 500; 600.

The experimental results studying the influence of the mentioned factors on temperature and humidity
of pseudofluidized layer of grain material are presented in figures 3, 4, 5.
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Fig. 3— Dependence of grain temperature T on drying time Bqrying.
at different values of drying agent temperature t

Analyzing the obtained dependences of grain temperature (fig. 3) on drying time Byying. at different
values of drying agent temperature t, it is possible to conclude that at drying time increase, grain temperature
increases and at the end of time limit it does not exceed maximum permitted time. With increase of drying
agent temperature grain heating process is intensified sharply and at the meaning of t = 100°C grain
temperature T reaches critical value.

Characteristic curves analysis of grain temperature T from drying agent temperature t (fig. 4) displays
that with the increase of drying agent temperature, grain temperature increases and reaches ultimate and
maximum permitted value at t= 100 °C.

Grain heating intensity depends also on air flow rate (filtering rate) v penetrating pseudofluidized grain
layer. Minimum operating air rate providing sustainable and even layer boiling was admitted equal to 2.2
m/sec. Maximum filtering rate value was 3 m/sec. Further rate increase was inappropriate because it results
in non-productive losses of drying agent.

Characteristic curves analysis of grain temperature T from filtering rate v (fig. 5), at different
temperatures of drying agent t shows that the process grain heating is significantly intensified with rate
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growth v. Grain temperature T reaches its maximum value at drying agent temperature equal to 100°C and
air flow rate about 3 m/sec.

Further rate growth v results in overheating and grain technological properties decreasing.

To estimate the effect of the interaction of technological and operating parameters of the experimental
dryer on the grain material temperature full factorial experiment was carried out. The regression equation of
the following type was obtained:

T = 47,729-0,899t +0,0033B,

—8,624v+ 0,0045¢* —0,000048° +0,0122B,,;., v

drying.

)

+0,1423¢v +0,0003¢B,

rying. drying. rying.

55
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Fig. 4 — Dependence of grain temperature T on drying agent temperature t
at different values of drying time Barying.
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After substitution of the corresponding values of the main factors, factorial dependence of temperature
variations of grain T in grain dryer is drawn (fig. 6).

Graphical interpretation analysis of the obtained data suggests that grain heating temperature
increases with increase of temperature and drying agent rate. However their marginal values correspond to
the following values: t = 100°C, v = 3 m/sec. Maximum drying time at different values is 600 sec. Further
increase of the concerned factors is unreasonable, because it will result in grain overheating and its quality
deterioration. The experimental dryer due to grain recirculation with oscillation mode permits to prevent
overheating of grain material at the expense of heating-cooling cycles interchange. Grain, moving along the
complex path, gets into the lower part of the layer, into the active heat exchange area, and receives some
heat. Grain, pushed up by airflow, gets into the upper part of the layer where it loses part of the accumulated
heat, after touching the colder surface of other grains. As a result, the grain temperature, which is gained at
the lower part of the layer, decreases to the moment of getting into the active heat exchange area and
receiving another heat impulse. A separate grain temperature increases non-linearly along some wave
curve, when maximums are interchanged with minimums, but maximums increase gradually. At the
developed boiling, regardless the layer elevation, uniform grain heating is provided and the temperature of
the used dryer agent is practically equal to zero.

I > 50
Bl <48
B <43
[ 1<38
I <33
Bl <28
I <23

Fig. 6 — Factorial dependence of temperature grain heating within experimental dryer

CONCLUSIONS

1. On the ground of the laboratory research practical guidelines to manufacture are developed: at
grain drying in pseudofluidized layer it is recommended to use drying agent with temperature up to 100°C.
Further increase of air flow temperature at seed drying for food and especially of seed designation is
unreasonable because it will result in grain material overheating.

2. While designing grain dryers of pseudofluidized layer we should limit ourselves with the range of
drying agent rates from 2.2 to 3 m/sec. Maximum drying duration to grain material overheating is 600 sec.

3. The developed dryer utilization provides to decrease power demand by over 20% in comparison
with serial constructions of small-scale dryers.
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ABSTRACT

The mathematical description of the cooling process dynamics of seed material in a layer, as a method
of temporary preservation of grain with cold, before further processing is given.

PE3IOME

HasedeHo mamemamuyHul onuc GuUHaMIKuU rpouecy 0XOr00XXeHHsI HaciHHE8O20 mamepiary 8 wapi,
SIK crnocoby mum4acoeoi KoHcepsauii 3epHa xornodom, neped nodasnbuwiorn 06pobKor.

INTRODUCTION

The urgency to apply artificial cold at the storage of grain materials (food and fodder grain) is defined
by different factors. Use of high-efficiency combine harvesters considerably reduces the period of harvesting
and makes strict the requirements of processing acceleration and preparation of a grain material for storage.
Thus, increasing the amount of units and power capacities for intensive drying, clearing and sorting of grain
in most cases is not profitable (Khmelniuk M.H., et. al., 2014). The most widespread practice, a method of
reduction of grain material humidity in a conditioned state is drying. It is one of the most power-intensive
processes in grain production (Gaponjuk O.l., et.al, 2014). The essential factor of reduced price of this
process is the add-on of drying machines seasonal loading. As it is known (Voblikov E.M., 2010), the longer
the process of grain material drying lasts the more profitable it is. It explains the tendency to extend the
drying period in dryers and the use of low-temperature modes (Kotov B., et.al. 2016). Increase in the work
period of the machine for drying (Kurhanskyi O. and Kotov B., 2016) is, first of all, a problem of extending the
period of safe storage (Paleliulko M.l.,, 2015). Cooling of the grain mass (Verkholantseva V.O., 2016;
Yalpachyk V.F., et.al.,, 2014) proved to be the most effective method of wet grain time conservation
treatment. Conservation treatment of wet grain by cooling supposes the presence of an engineering system
which allows to keep it until it is processed and put to constant storage (Kiurchev S.V. and Verkholantseva
V.0., 2015; Petrunia B., 2004). Fodder grain can be stored in periodically chilled condition for the entire
period of its use. It is possible to use special refrigerating compressor-condenser assemblies (Kozin B.,
2014) to cool the grain material during the harvest period at the factories in different grain-cultivated climatic
zones. Application efficiency of grain material cooling should be defined (Yalpachyk V.F., et.al., 2014). For
this purpose, it is necessary to investigate the cooling process of wet grain by air in stationary volume and to
justify the equipment parameters.

Advantages of grain cooling in an embankment or grain tank by artificially cooled air are proved in
different works (Petrunia B., 2004; Verkholantseva V.O., 2016) and the limits of grain cooling (Kiurchev S.V.
and Verkholantseva V.O., 2015) providing the maximum safety of quality indicators are defined. Perspective
use of analytical methods of processes modeling, namely: thermal, biochemical and microbiological at
refrigerating storage, is presented by the latest scientific works (Yalpachyk V.F., et.al., 2015, 2016). Many
researchers (Kiurchev S.V. and Verkholantseva V.0., 2015; Paleliulko M.1., et.al., 2015; Petrunia B., 2004;
Verkholantseva V.O., 2016; Yalpachyk V.F. et.al.,, 2014) investigated the process of grain cooling during
storage. It is possible, by means of mathematical modeling and computer technics, to define cooling process
rational parameters and refrigerating storage and the operating conditions of the equipment for its
implementation.
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The purpose of this work is to create mathematical models for the analysis of grain cooling processes,
and to define working process-related parameters.

MATERIALS AND METHODS

The stationary model of the grain material layer, blown through by air (from below-upwards) is object
of modelling and research. Air arrives from an air cooler of the refrigerating machine with a constant mass
flow rate and constant parameters. To study the object under consideration, we select the analytical method
of investigation. For this purpose, we compose the equations of material and energy balance, the conditions
for the exchange of heat and the mass of the product with air. This fact makes it possible not to take into
account the specific characteristics of the storage, the type of grain material and the equipment parameters.

Let’s consider the physical model of the process and the simplifying assumptions for its formalization.
Through a layer of dispersed material arranged on a grid, with a thickness H , with the initial grain
parameters: humidity U , temperature @, the air is blown through with parameters constant at the entrance to

the layer — temperature t and moisture contentd , mass flow G (speed V). The scheme of the process is
shown in Fig. 1.

h,

___{QQ_ A A

Fig. 1 - The scheme of cooling the grain material in a stack of layers

For a simplified analysis of this process, we made assumptions idealizing the process without distorting
the general physical scheme: the thermophysical properties of grain material and air do not depend on
temperature; the transfer of heat and mass is convective; other types of heat transfer and mass transfer are
accounted for by the coefficients; there are no losses spread to the environment; air movement is unidirectional
from the bottom up; the distribution of the temperature and humidity fields is one-dimensional; change in
temperature and moisture content of individual grains - without a gradient; contact (conductive) transfer of heat
and mass are not taken into account; the coefficients of heat and mass transfer from temperature and humidity
are independent and equal to the average values for the process. Heat transfer is carried out according to
Newton's law, and mass transfer is described by Merkel's equation.

RESULTS

Let's describe the process of cooling the grain in a layer by differential equations of thermal and a
material balance; according to the adopted scheme and the physical model, we introduce the following
notation:

g, = q/H - specific allocation of biological warmth per unit layer altitudes, W/m;
0,1 - temperature of grain material and air, °C;

u, d - moisture content of grain material and air, kg/kgqm and kg/kgga;

m,, m, - weight of grain and air in layer volume, kg,

C,,C, - grain and air specific heat, J/(kg°C);

H - height of a material layer, m;
f, f’ - the general surface of grain and transpiration surface, m?;
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a, B - heat exchange and mass transfer coefficient, W/(m®C) and m/s;

d "(0) - saturated air moisture content at temperature of a material surface, kg/kgqm;

H

P, Py - density of wet and absolutely dry grain, kg/m?;

p, - air density, kg/m?,

F,, F - the square of cross-section of a grain material and air in layer volume, m?;

h - coordinate on layer altitude;

T -time, s.

Let's write down the differential equations thermal and a material balance for grain and filtrated
air.

The equation of thermal balance for an element of disperse material layer in altitude dh which
presents change of grain temperature will look like:

r,F, p,,dhdu +c,F, p,dhd6 = qhdhdr—dHf(H—t)dhdr )

The equation of the thermal balance, temperatures of air presenting change for the same element
dh like in next equation:
of
H
The equation of a material balance presenting change of grain moisture content at surface
evaporation for an elementdh:

p,c,Fdndt = = (0 —t)dhdr @)

H

— p,,F,dhdu = /;f'(d "(6)—d)dhdz . ®)

The equation of material balance describing the change in the moisture content of air absorbing
the moisture evaporating from the grain, for an elementdh will become:

p.Fdhdd = ’i'(d "(6)—d)dhdz . @)

Opening total differentials of variable quantities d@, dt, du, dd: dT = ﬂdz‘+gdh (T -the

or oh

dh
conditional generalized variable) and considering that d—:V - speed, m/s; M, = FZpZH - weight of
T

G
grain, kg; m, = Fp,H - weight of air in a layer, and also using an obvious relationship Fp =—, kg/m
\'

we convert the equations (1) - (4) and become:

00 ou

mzcz 7_m0r07:_af (g_t)_qh (5)
or
macag+caGH A _ o (6-1) (6)
ot oh

8u 14 14

—my—_—=At'(d(6)-d)p, )
or

ma@+GH@:—moa—u (8)
or oh ot

The system of the hyperbolic differential equations in a partial derivative (5-8) with sufficient
accuracy presents dynamics of processes of a heat and weight exchange at grain layer cooling.
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Definition of values &, U, t, d, as coordinate and time functions is reduced to the following: for any
0<h<H and O<7r<oo to find the solution of system (5-8) at boundary and entry conditions:
u(h,0)=u,; 8(h,0)=6,; t(0,7)=t,; d(0,7)=d,. The accurate solution of the system can be obtained
by numerical methods of calculation. To obtain the approached analytical dependences, we shall make

c,d@
simplifying transformations. Using the definition of Rebinder measure Rb = Zd (Kotov B.,
r,au
Kalinichenko R., Spirin A., 2015), we get the equation:
ou c, 00
= ©)
or r,Rbor
Substituting (9) in (5) we will have:
, 00
m.c, -+, =of (t-0) (10)
T

where:

Rates of derivatives dt/d7z and dd/dz are small enough in comparison with other terms of the

equations and they can be neglected. After simple transformations of the equations (6) and (10) we will
come to their kind of system:

t—ezl%—g
?gtr (11, 12)
0—-t="——
A oh
where:
A= o ; B= oA ;qu—h.
HGc, m,c, of

Approximate solution of the system (11-12) (under conditions £ =0 or & =€0(6’—t) where &, -

coefficient of linear approximation of a function q = f (19,'[)) is (Kotov et.al., 2015):

6=0,~(6,~t,)Be " [e* 3, (2./AB T Ji (13)
0

t=6,+(t,— 6, )" [ 3,(2-/ABN 7 ))+ Bj'eB’JO(Z\/ABhr)dr (14)

0
where:
J, - Bessel function of a zero order from imaginary argument.

For the simplified accounts, it is possible to spread out Bessel function abreast and it will be
limited to the one first member (solution error less 10%):

0~0,—(6,~t, ) *"(1—e ) (15)

t=6,+(t, -6, )™ (16)
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To determine the humidity reduction rate at cooling, we approximate function d:(@) by linear

dependence:

d’(6)=ad+b 17)

where
a, b - constant factors, and substituting the solution (15) in the equation (7) taking into account
(8) we obtain:

T, @+ d=c'+De™ (18)
dh

where

T, = ;;' ¢'=b+af,; D=alt,— 6, 1-e*").

The solution of the equation (18) under the condition: h=0; d =d, looks like:

eAiA(a(t0 —6,)1-e ) (19)

From the equations (7) and (8) it is obtained:

ad ad
+GH —=/4'd/(@)-d )p,. 20
m, ~_+GH —-= A (d}(0)-d)p, (20)

Taking differential from (19) and substituting the expression obtained in the equation (20) we have:

h , 71
_ M du_ ! el — A e D+7d°_c e (21)
GH dr |T,(AT,-1) AT, -1 T,

The solution of the equation (21) under entry conditions: h=0; u= U, will have the expression:

_h
[ATd 6, -t )™ +(t, -6, )e ™ Je‘B’ +

1
h)= —~ | (ABT.t(@, -t )+ AT Ay
u(z,h)=u, +Tqu (At, ~1)B (ABT (6, —t, )+ AT, (t, — 6, )" h (22)

(ABT,(c't—dgt)-Bt(6, +¢' —d, —t,)+ 6, —t, )¢ ™

Fig. 2-4 show the examples of calculated graphs of grain temperature change (Fig. 2), cooling air
(Fig. 3) and grain moisture content (Fig. 4) in terms of time and height.
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Fig. 2 - Example of graphs of grain temperature variation in time and height (G=0.205 kg/s; to=7 °C; uo= 20 %):

1-h=0.2m;2-h=04m;3-h=0.6m;4-h=0.8m;5-h=1m;6-h=1.2m
, A

°¢
16

T,
hours

»

6 7 8

Fig. 3 - Calculated graph of the cooling air temperature in terms of time and height (G=0.205 kg/s; to=7 °C;
uo=20%): 1 —h=0.2m;2-h=0.4m; 3-h=0.8m; 4-h=1m

0.25 |y

u,
%

0.245

024 1 5 6 7 8

2 3

0 1
Fig. 4 - Graph of changes in grain moisture content in terms of time and height (G=0.205 kg/s; to=7 °C; uo= 20 %)
1-h=0.6m;2-h=2.6m;3-h=4.6m
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Fig. 5 shows the graphs of temperature changes in barley seeds when cooled in field storage.
A

T,
hours

0 2 4 6 8 10

5

Fig. 5 - Curves of grain temperature changes during cooling in the storage with parameters (G=0.103 kg/s;
to=5 °C; uo=20.1 %): 1 — h=0.6 m; 2 - h=2.6 m; 3 -h=4.6 m; 4 — experiment data (for 0.6, 2.6, 4.6 m)

To compare the data obtained theoretically (formula 13) and direct measurements of the grain mass
temperature at an altitude (0.6, 2.6, 4.6 m) with the fan turned off, experiments were carried out on the actual
object - the grain embankment in the storage (storage section).

CONCLUSIONS

Thus, the gained analytical dependences (13) - (14) and (19) - (22) allow counting change of grain
material parameters and chilling air on altitude of a layer at any moment of time; it also allowed defining a
cooling time at specified values of the charge of air and its temperature.

The dependence of the cooling duration on the speed of air penetrating the grain layer is in good
agreement with the results of the study of heat transfer in a layer of granular materials.
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ABSTRACT

Modern theoretical researches on the mechanical and technological processes for agricultural industry
can be summarized by analytical methods, which lead to the compilation of complex systems of differential
equations with boundary and initial conditions. These systems practically cannot be solved by traditional
methods, so there is a necessity in their numerical solution via computer modeling. The molecular dynamics
method and discrete element method, both of them based on the conception of a discrete structure of a
substance, are the most interesting ones among all existing modern computer modeling methods for the
mechanical and technological processes of agricultural industry. The purpose of these researches is to carry
out the numerical modeling for some mechanical and technological processes for agricultural industry using
the Star CCM+ computer software. There have been provided the results of the numerical modeling in the
Star CCM+ computer software of the following mechanical and technological processes: mixing of
components in a stream-type mixer-feeder, distribution of the straw underlay by the rotor spreader for the
non-leash cow maintenance, formation of the pseudo-liquefied seed layer in the hydro-pneumatic seeding
machine’s intake chamber, transferring of the oil crops seeding material with the air stream power,
functioning of the photoelectric seed separators executing mechanism, technological process of the seed
separation on an inclined vibrating surface. The given results point about the wide area of implementation of
the numerical modeling for theoretical researches of mechanical and technological processes for
agronomical manufacturing industry.

PE3IOME

CyyacHi meopemudyHi OOCIOXKEeHHSI MexaHIYHUX | MexHO02iYHUX MPOUECi8 CinbCbK020Cno0apChKoi
0b6pobHOI npomucioeocmi MoxHa nidsecmu 00 aHanimuyHux memodie, wWo npu3eodume 00 CKrnadaHHS
ckrnadHux cucmem OugbepeHuyianbHUX pieHsIHb 3 2paHUYHUMU ma foYyamkosumu ymoeamu. Lli cucmemu
npakmu4yHo He MOXymb 6ymu eupilieHi mpaduuiiHumu memodamu, momMmy 8 iX HucerlbHOMY 6UpPIUUEeHHI
HeobxiOHe suKopuUCMaHHS KOMIM'tomepHo20 ModesntogaHHS. Memod monekynspHoi QuHamiku ma memod
OuckpemHux enemMeHmig, obudsa 3 AKUX 6a3yrombcsi Ha KOHUenuii QUCKpemHOoI cmpykmypu pedyoeuHU, €
Halbinbw yikasumu ceped ycix iCHyto4YUX CydacHux memodie KOMI'IomepHO20 MOOEe8aHHs MexaHidYHUX
ma mexHOorsI02iYHUX MPOYECI8 CiflbCbKko2ocrnodapchbkoi 06pobHOI npomuciosocmi. Memoro yux docrnidxeHb €
poBedeHHsT 4YUCEIbHO20 MOJOes8aHHsT OesKUX MexaHiyHUX ma MEeXHOMOo2iYHUX rpoyecie  Ons
CiflbCbK0o20cn00apChKOi MpomMuciogocmi 3a AornoMo20t0 rnpospamMHo20 3abesnedeHHs1 Star CCM+. HagedeHi
pe3ynbmamu 4ucesibHO20 MoOeso8aHHs 8 KoMmn'tomepHil npozpami Star CCM+ HacmynHuUx MexaHiYHUX ma
MmexHOJsI02iYHUX rnpouecie Onsi agpapHOi MPOMUCIO80CMI: 3Milly8aHHSI KOMIMOHEHMI8 y 3miwysadi-ghioepi
rnomokogoeo murly, po3nodisl conomMucmoi nidcminku pPomopHUM po3kudadyeMm Ol MexHOM02iYHO20
obcnyzosyeaHHs 6e3rpug’a3Hux Kopis, hopMyeaHHs wapy ncesdo3pidKeHo20 HacCiHHS 8 eifpaesniyHo-
rHe8MamuyHil 8rycKkHili Kamepi MOCi8HOI MawUuHU, mpaHcriopmyeaHHs1 OCiBHO20 Mamepiany OnitHUX
Kynbmyp  oe8impsiHUM — MOMOKOM,  (QQYHKUIOHY8aHHSI ~ MeXxaHisaMy  homoeneKmpuy4yHux  HaciHHegux
cenapamopie, mexHosio2iyHuUll npouyec cenapauil HaciHHS Ha HaxuneHil eibpauiltiHiti noeepxHi. [aHi
pesynbmamu cegidyamb PO WUPOKy obracmb 3acmocy8aHHs yughposo2o MoOestoeaHHs  0nisi
meopemuyHux  O0OCMiOXeHb  MexaHiHHUX ma  MEexHOMOo2iYHUX  pouecie  CinbCbKo20CrnodapChKoi
npomucoeocmi.
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INTRODUCTION

Modern theoretical researches on the mechanical and technological processes for agricultural industry
can be summarized by analytical methods, which lead to the compilation of complex systems of differential
equations with boundary and initial conditions (Johnson K.L., 1987). These systems practically cannot be
solved by traditional methods, so there is a necessity in their numerical solution via computer modeling.

The molecular dynamics method and discrete element method, both of them based on the conception
of a discrete structure of a substance, are the most interesting ones among all existing modern computer
modeling methods for the mechanical and technological processes for agricultural manufacturing industry.
The molecular dynamics method consists of representing the substance as an aggregation of interacting
particles — material points or solid bodies. Their movement is described by the classic mechanics equations.
During the particles movement modeling, the molecular dynamics method solves the Cauchy problem on
every step with iterative methods — performing an integration of the differential equations with determined
initial conditions. The best known software for calculations using the molecular dynamics method is: AMBER,
CHARMM, GROMACS, GROMOS and NAMD. The discrete element method can be considered as a
generalization of the finite element method. During the modeling with this method the initial locations and
velocities of particles must be pre-determined. After this, basing on these initial data of the particles
interaction physical laws, the active forces for each particle must be determined. Following this, it's possible
to consider various interaction laws; it's sufficient to have a solvable equation for their description. For each
particle, the method requires to calculate the resultant force and also to solve the Cauchy problem on the
selected time interval. The result for these calculations will be the initial data for the next step. The best
known software for the discrete elements method realization is: Chute Maven (Hustrulid Technologies Inc.),
PFC2D i PFC3D, EDEM (DEM Solutions Ltd.), GROMOS 96, ELFEN, MIMES, PASSAGE and Star CCM+.
The purpose of this research is to perform the numerical modeling for some mechanical and technological
processes for agricultural manufacturing industry in the Star CCM+ computer software.

MATERIALS AND METHODS

During the finite elements method modeling process in the Star CCM+ software the initial locations
and velocities of the particles and substance stream must be pre-determined. Then, basing on these initial
data for the contact interaction physical laws, the forces that act on each particle in each time interval, are
being calculated. For each patrticle, the resultant force is being calculated and the Cauchy problem is solved
for a given time interval. The results of this iteration are the initial data for the next step. The following models
were selected as physical models for the numerical modeling: k-e-model of the separated stream turbulence,
field of the gravity force, Van-der-Waals real gas model or the non-pressed fluid model, the discrete
elements model, the multiphase interaction model. The discrete elements method is based on the
momentum conservation law for the Lagrange multiphase stream models.

To perform the research on the particles’ movement process under the substance stream affect, it is
required to determine the mathematical apparatus that allows obtaining the trajectories, force diagrams and
slip values during the particles movement in the substance stream with the velocity gradient.

Let's begin by composing the differential equation for the movement of one particle in the dedicated
substance stream area (Gumerov N., Duraiswami R., 1998):

o .p 3V
p Pp dt -
dpsp =V_

dt P
d, — —
—=—+V,V
dt

Where Q, — particle value, m;
p, — particle density, kg/m*;

— particle movement velocity vector, m/s;

— particle displacement vector, m;

INZINS

F — vector of the resulting force applied to particles, N.
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The effective diameter of the particle is one of its characteristics, which is defined as a diameter of
an equal-sized sphere. So, the equivalent particle value can be defined by the equation:
O - m-D’ @
) 6

Where D, — particle effective diameter, m.

Attempts to solve this equation system (1) are combined with certain difficulties that can be reduced to
the following:

a) the total number of forces, that affect the particle in the substance stream, are undefined, because
the processes of the particle behaviour within the stream are not fully described,;

b) strict analytical expressions for some expressions in the right part of the equation are unknown (for
example, an expression for the hydrodynamic air force).

Forces, that affect the particle during its movement in the turbulent stream, can be divided to the
following groups, based on the reasons of their emerging:

1. Forces that are caused by the external force fields affect (weight force) (Dinesh J., 2009):

Fo=Q,p,9 3)
where F_g — gravity force vector, N.

2. Forces, that are caused by the uneven balance of the pressure on the particle surface during its
movement in the substance stream.
2.1 Archimedes force (Dinesh J., 2009):

Fi=0,0,9 (4)
Where E — Archimedes force vector, N.

p. — substance density, kg/m®.
2.2. Force that is caused by the change of the pressure in the direction of the carrying stream
movement due to the acceleration (Gumerov N., Duraiswami R., 1998):

Fo=q,p %%
b dt )
d 0 - =
S =—4V,-V
d ot

Where F_ac — force, that is caused by the change of the pressure in the direction of the carrying stream

movement, N;

V, — substance movement velocity vector, m/s.

2.3. Hydrodynamic Magnus force emerges as a result of an uneven upcoming stream bypassing of
the particle. The difference between the stream velocities in different particle perimeter points, which is
bypassing, causes the static pressure differential. The reason of the uneven upcoming stream bypassing of
the particle can be either its rotating inside the stream, or its persistence in that zones where the stream has
a transverse gradient. The value of the Magnus force is proportional to the relative forward velocity and its
absolute angular velocity, i.e. (Kanehl P., 2010):

— 1 oxV
FMag = ETCD;paVaZCM _—_a, (6)
‘w xV,

Where F,\,Iag Magnus force, N; Cy — Magnus empirical coefficient; © — angular rotational velocity vector, s™.

3. The viscous resistance force, which is caused during the particle movement with some relative
velocity in the substance stream (Hamzaev H.M., 2007):

Fo = 2 a0ip,fu RV, -V, V. - V]| 0

Where F, — viscous resistance force, N; f,, (Re) — viscous resistance coefficient;
Re, — Reynolds number.
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Rea:Va'DG'pa, ®)
Ha
D¢ — hydraulic diameter, m;
To this group we can also add the Basset force, which combines the viscous and inertial impact of
the stream to the particle non-stationary movement conditions.
4. Inertial forces, which are caused by the non-stationary particle movement in the substance are:
4.1 Force, which is equivalent to the added mass impact, is presented as:

— 1 d — —

Fo =5 %0, a(va V). ©)
and expresses the uprising particle inertia during its non-stationary movement (Hamzaev H.M., 2007). A
moderate increasing of the particle mass is caused by the substance elements inertia, so that particle must
transfer an additional acceleration. This additional substance movement is equivalent to the movement of
some fictitious mass (additional mass), which moves with the same relevant velocity as the particle.

4.2. Basset force (Zhang S. and other, 2009)'
d —\ dt
jd—( v (10)

Where F; — Basset force, N;

v — kinematic viscosity, m?/s;

7—time, s.

Basset force considers an additional particle movement resistance from the stream, which is caused
by the particle relevant velocity configuration. Basset force manifests as a momentum particle movement
resistance increasing due to the increasing of its inertia.

5. Forces that are caused by the particle mass changing (Meshchersky force) (Voronenko B.A.,
Pelenko V.V., Polyakov S.V., 2013):

— _dmp
Fu =V, pm

(11)
Where ﬂ — Meshchersky force, N; m, — particle mass, kg.

6. Summarized force of the contact interaction between particle and the chamber, which is based on
the Hertz-Mindlin spring-dashpot contact model (Komiwes V., Mege P., Meimon Y., Herrmann H., 2006):

For =B,V (12)
Where F_ ... —force of the interaction between particles and the edge, N;
Fcomact = Fn + ':I (14)

F, —normal force component, N;

Ft — tangential force component, N.
Normal force component is defined by the following equatlon

F =-K, d

Where K,, — normal coefficient of the spring component rlgldity, N/m;
4
Ky = 3 BeqfdaReq (16)

N, — normal coefficient of the dashpot component degradation, N/m;

Nn = (SKnMe )Nn damp (17)
According to the researches (Johnson K.L., 1987) tangentlal component is defined as:

=-K, d (18)

<‘Kna

& » and Cy — statistic friction coefficient between particles or a chamber wall. In the other
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case, the tangential component is defined by the following equation:
Kn d_n Cfsd_t

4
whereK; — tangential coefficient of the spring component rigidity, N/m;

K, =8G,[d,Re, (20)

N, — tangential coefficient of the dashpot component degradation, N/m;

F:

t

(19)

Nt = (5KtMeq )Nt damp (21)
Ngamp — degradation coefficient
—In (Cn rest )
Noarp = : (22)
\/rrz +In(Cn rest)
Req — equivalent radius of particles A and B, m;
1
Ry=—5—5
2,2 (23)
DA DB
Meq — equivalent mass of particles A and B, kg;
1
M =——
1,1 (24)
M A M B
E.q — equivalent Young module of particles A and B, Pa;
1
Eo = 2 42
1-v; + 1-vg (25)
E, E;
Geq — equivalent module of the particles A and B displacement, Pa;
G - 1
eq 2(2—VA)(7+VA)+2(2—VB)(7+VB) (26)
EA EB
Ma, Mg — particles A and B mass, kg;
d,, d;, — duplication coefficient for the normal and tangential direction in contact points;
Da, Dg — particles A and B effective diameters, m;
Ea, Eg — particles A and B Yung module, Pa;
Va, Vg - particles A and B Poisson coefficients;
Vi , V‘ — normal and tangential components of the particle surface relevant velocity in the contact point,
m/s.
For the interaction process between a particle and a wall the (13)-(26) are adequate, but, for the wall,
the radius is defined as Dyq = « and the mass as M4 = . As a result, expressions (23)-(24) turn into:
Req = Dp/2 (27)

Meq = M,
RESULTS

In order to demonstrate the results of the numerical modeling in the Star CCM+ software, let's
consider some mechanical and technological processes for agricultural manufacturing industry.

1. The process of the stream-type mixer-feeder operation has been theoretically researched and the
mathematical models of the constructive, technological and regime parameters impact on the quality indexes
of its operation have been developed (Shevchenko I.A., Aliyev E.B., Doruda S.O., 2013). The physical
mathematical models of the streaming feed mixing process, which is used as a base for the mobile mixer-
feeder, has been built within the Star CCM+ software (fig. 1). This physical mathematical model of the
streaming feed mixing allows defining the constructive and technological parameters for the mobile mixer-
feeder depending on the ration and physical mechanical properties of the feeding mix components with
optimal quality, quantity and energy indexes of the mixing process.
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Fig. 1 — Visualization of the mobile mixer-feeder streaming feed mixing process
and the dynamic of its homogeneity changing

2. The constructive and technological schemes of the working parts of the rotor straw underlay
spreader for the non-leash cow maintenance has been theoretically substantiated (Luts S.M., Aliyev E.B.,
2014). The presence and absence of the sealing or directional plate have been used as research objects.
The straw particles flight distance and the coefficient of the variation of their even distribution through the box

length have been picked as the evaluation criteria. The results of numerical modeling are described in picture
2.

Element velocity, m/s \ &
0 ! 2 | : 5 v a xR )
e . o Q=dsigs
= 2 ™ .! ~—
Modeling time t =35 s R i -
Straw spreading uniformity along the chamber & = 86-94 % ¥ y! A \\ -
; B
s

i

Ih =0,1-0,2m

L,=2,5-3m

Fig. 2 — Process visualization of the rotor straw underlay spreading with condensing and guiding plates

3. The physical and mathematical model for the formation process of the pseudo-liquefied seed layer

in the hydro-pneumatic seeding machine’s intake chamber has been developed (Boyko V.B., Aliyev E.B.,
2015; Boyko V.B., Aliyev E.B., 2015).

Picture 3 displays the results as a graphical interpretation of the dynamic of the seed spreading in the
intake chamber value.
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Fig. 3 — Visualization of the dynamic of the seed spreading

in the hydro-pneumatic seeding machine’s intake chamber value

4. As a result of theoretical researches there has been developed the physical and mathematical
model for the process of the oil crops seeding material transferring with the air stream power and presented
as visualization of this technological process, as described in picture 5 (Aliyev E.B., Yaropud V.M., 2017;

Aliyev E.B., 2017).

% T T T T T T T T
V= =0, _— iti i =
15m/s Q=0,03kg/s D,=5mm Exposition time t=15s 0008

-e-13

026

-39

Fig. 4 — Visualization of the distribution of the seed fraction along the area length,
which has been created by the air stream impact

5. Numerical modeling of the process of the milk-air mix movement in the milking machine has
allowed us to determine a relation between the vacuum pressure fluctuation value and the milk withdrawal
velocity, pulsation frequency and the working vacuum pressure value (Linnik Yu.A., Aliyev E.B., Pavlenko

S.1. 2014; Pavlenko S.1., Aliyev E.B., Linnik Yu.A., 2014).
Picture 5 describes the spreading of the 1-a liquid content along the milking machine milk hose by

the upper milk pipe.
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Fig. 5 — Spreading of the 1-a liquid content along the milking machine milk hose by the upper milk pipe

6. As a result of the working process numerical modeling for the photoelectronic seed separator
executing mechanism, which consists of the falling cylinder and the inclined vibrating roll, there has been
determined the timing diagram of the seed transportation in the separate vibration roll canal (picture 6).

Q=0.01kg/s i
n=>5rpm Ne 10 :[[Wmmmﬂmm“ﬂnﬂmm

~I=0,1s

Exposition time t =40 s 20 21 22 23 24 2526 27 28 29 30 31 3233 34 3536 3738 39 s

Fig. 6 — Timing diagram of the seed transportation in the separate vibration roll canal
of the photoelectronic seed separator

7. Through the research on the technological process for the seed separation on the inclined

vibrating plate (vibrating separator) in the Star CCM+ software it has become possible to determine the law
of its spreading depending on the mass. Picture 7 describes the visualization of this technological process.
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Fig. 7 — Visualization of the technological process of seed separation
on the inclined vibrating plate (vibrating separator)

CONCLUSIONS

In this article are given the results of the numerical modeling within the Star CCM+ computer software
for some mechanical and technological processes for agricultural manufacturing industry, as the mixing of
components in a stream-type mixer-feeder, distribution of the straw underlay by the rotor spreader for the
non-leash cow maintenance, formation of the pseudo-liquefied seed layer in the hydro-pneumatic seeding
machine’s intake chamber, transferring of the oil crops seeding material with the air stream power,
functioning of the photoelectronic seed separator’'s executing mechanism, technological process of the seed
separation on an inclined vibrating surface. These results point out the wide area of implementation of the
numerical modeling for theoretical researches on mechanical and technological processes for agricultural
manufacturing industry.
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ABSTRACT

It is determined the reactive power to provide hydro-mechanical rotation of the mixer in the process of
biodiesel production. It is established that reactive power depends on the flow and pump speed, the density
of the mixture of vegetable oil and potassium methylate, the sectional area of the injector nozzles and their
number. It is obtained the value of the resistance moment of hydro mechanical mixer depending on the
angular velocity and the maximum radius. It is developed the mathematical model of hydro-mechanical mixer
rotation, which allows determining the dynamics of the angular velocity of hydro mechanical mixer rotation
and its steady-state value.

PE3IOME

BusHayeHo peakmuegHy cusy Oris 3abe3nedyeHHs 2i0poMexaHiyHo20 obepmarHs Miwarnku 8 rnpoueci
supobHuymea OusenbHo20 bionanuea. BcmaHoeneHo w0 peakmueHa cuna 3anexums 6i0 nodayi ma
yacmomu obepmaHHs Hacoca, 2yCmUHU CyMiwi POCUHHOI onii ma memunamy Kanito, rnaowi rnepepisy
corna ¢popcyHOK ma ix Kinbkocmi. OmpumMaHO 3Ha4YeHHsI MOMEeHMYy oropy 2i0poMmexaHidHOi Miwarnku, sKul
3anexamp 6i0 Kymoeoi weudkocmi ma MakcumarnbHozo padiyca. PospobneHa mamemamuyHa moderib
obepmaHHs 2idpomexaHiqHOi Miluasiku, sika 00380J151€ sU3Ha4YUMuU GuHaMiKy Kymoeoi weudkocmi obepmaHHs
eidpomexaHi4Hol Miwarnku ma ii ycmasneHe 3Ha4eHHs.

INTRODUCTION

The mechanized work in the agricultural production is impossible without fuel, as up to 80% of
manufacturing operations are diesel fuel operated. Therefore, the economic efficiency of agricultural
production depends on the cost of diesel fuel (Golub G. et al 2017). One option to reduce costs in
agricultural production is the use of own production bio-diesel (lvanov B., Stoyanov S., 2016). In addition, the
use of diesel fuel for operating diesel engines will significantly reduce CO, emissions in the agricultural
production process.

In the production of bio-diesel one of the key steps is the process of transesterification (Golub G. et al
2015), taking place due to the mixing of vegetable oil and potassium methylate (Qiu Z. et al, 2010; Ehsan M.,
Tofajjal H., 2015; Baskar G., Aiswarya R., 2016). Mixing determines the completeness of the process of
transesterification, which in turn directly affects the quantitative and qualitative yield of biodiesel. As methyl
alcohol, catalyst and oil form a two-phase medium, in which the passage of the reaction is slowed down, to
intensify the reaction it is necessary to form an emulsion with increased interphase contact area of the
reactants, which is achieved due to the constant mixing (Qiu Z et al 2010; Wulandani D. et al., 2015; Golub
G. et al, 2015; Baskar G., Aiswarya R., 2016). It is necessary to avoid too intensive mixing, which can lead to
the destruction of the interfacial surface and slow down the reaction of transesterification. In addition, intense
mixing requires a considerable amount of energy (Qiu Z. et al, 2010; Golub G. et al, 2015). In this regard,
improvement of the equipment for biodiesel production based on the mixing of the emulsion components is
important.

For the production of biodiesel, the process of transesterification or methanolysis of oils with an
alkaline catalyst has become popular (Golub G. et al, 2015; Ehsan M., Tofajjal H., 2015). Studies have
shown that methanolysis proceeds in the temperature range from 20 to 70°C with the use of alkaline
catalysts (up to 1.5 % of the total volume of emulsion) (Ehsan M., Tofajjal H., 2015). Most often
transesterification process has the following parameters: the processing time up to 40 min, the temperature
is about 40°C, ratio of methanol to oil is 6 to 1 in moles, catalyst content is up to 1 % of the emulsion volume
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(Golub G. et al, 2015; Baskar G., Aiswarya R., 2016).

It is established that the quality of the methanolysis reaction depends on hydrodynamic conditions
(Ehsan M., Tofajjal H., 2015) and requires mixing with a given intensity (Golub G. et al, 2015). It is developed
the mathematical model of technological process of transesterification for bio-diesel production on the basis
of the possibility theory (Drahniev S., 2010) and it is mathematically modelled the adaptive technological
process of transesterification of vegetable oils in batch reactors (Drahniev S., Kukharets S., 2010). It is
theoretically studied the mixing efficiency when creating in the emulsion stream of the turbulent regime and
grounded the constructive parameters of the hydrodynamic separator in bio-diesel production (Golub G., S.
Kukharets, V. Chuba, et al., 2017).

The most widely used have become reactors for carrying out the process of transesterification
equipped with mechanical mixers (Drahniev S., 2010). It is known the method of bio-diesel production based
on hydraulic mixing using stationary atomizers (Sungwornpatansakul P., Hiroi J., Nigahara Y., et al., 2013;
Golub G. et al, 2015). In the works (Drahniev S., Kukharets S., 2010; Drahniev S., 2010; Brasioa A. et al,
2011) it is stated that one of the disadvantages of mechanical mixing is the formation of areas of emulsion
stagnation and substantial energy consumption (Sungwornpatansakul P. et al., 2013; Mushtruk M. et al,
2013). Enzymatic reactors of conventional (Poppea J. et al, 2015) and rotating (Xua J. et al., 2017) types are
also used, but they have low productivity. Due to lack of the mixing process effectiveness, transesterification
doesn't proceed to the full extent, therefore additional operations for flushing (Alamsyah R., Loebis H., 2014)
and cleaning (Atadashi I., 2015) are used, which complicates the technological process of bio-diesel
production in terms of agricultural production.

Lately, it has become relevant the use of equipment for biodiesel production with the use of hydro-
mechanical mixing that occurs due to departure of a mixture of vegetable oil and potassium methylate from
atomizers, resulting in a reactive force, which creates the rotational motion of the mixer with blades, and they
in turn provide additional mixing (Golub G. et al, 2015). Thus, there is a double mixing of the emulsion
components (Pavlenko M., Golub G., 2013).

However, there is currently insufficient research in physical and mechanical properties of bio-diesel
and constructive-technological parameters of equipment for the production of bio-diesel, which hinders
further enhancement of biodiesel production efficiency. There is also no evidence on the process of biodiesel
production using a hydro-mechanical mixing. In this regard, there is the necessity of a theoretical
substantiation of the design parameters of the equipment for diesel biofuel production using hydro-
mechanical mixing. Determination of the hydro-mechanical mixer parameters in the biodiesel production will
allow obtaining data to optimize the operation of complex equipment in vegetable oil transesterification.

MATERIALS AND METHODS

The aim of the research is the development and experimental test of a mathematical model to
determine the parameters of hydro mechanical mixer in the production of bio-diesel based on vegetable oils.

Theoretical studies were based on the analysis of the interaction of the blades with the emulsion using
the dynamic equations based on Newton's second law. The reactive force of the jet (Kundu P. et al, 2016),
which creates a rotary moment of hydro-mechanical blade mixer was determined by the second Newton's
law at a constant rate of departure of the jet taking into account the total number of atomizers and
parameters of the pump feeding.

To confirm the theoretical studies, the experimental model of the hydro-mechanical mixer was used,
the diagram of which is shown in Fig. 1, and the general view — in Fig. 2.

To measure the frequency of rotation of the hydro-mechanical mixer and shaft of hydraulic pump it
was used tachometer UT-372. To change the speed of the hydraulic pump shaft, the frequency converter
Hitachi-3-G3JX-A4075-EF was used.

RESULTS

To consider the interaction of the hydro-mechanical mixer blades with viscous emulsion medium
(components for biodiesel production) the scheme, which is shown in Fig. 3, was used.

The blade of hydro-mechanical mixer, in general case, is set at an angle to the direction of blade
movement. The movement of the blade is carried out under the action of reactive force of the jet emitted from
atomizers mounted on the ends of the ducts and which are fed with oil mixture with potassium methylate.
Viscous medium of the emulsion counteracts the movement of the blade moving under the action of the jet
reactive force. As it is known, the blade is influenced by the components of the normal reaction of the
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viscous medium resistance. Thus, the horizontal component of the normal resistance reaction of the viscous
medium opposes the motion of the blade, and the vertical one creates lifting force influencing the blade.

The total reactive force of all jets when supplying the viscous fluid with the help of the pump of
volumetric action will be:

2
Fe :(Mmej £ @
60 1SN
where Fg — is the reactive force of the jet, H; q, — pump supply (for gear-type pumps is considered
according to specifications), sm?turn; n, — rotational speed of the pump, turn/min.; p- the density of the
liquid, kg/m?; u1— the reduction ratio of the cross-sectional area of the jet at the expiry of liquid from the
atomizer, rel. un. (Kundu P.K. et al, 2016); S, — the actual cross-sectional area of the atomizer, m% n,, —
number of atomizers, pieces.
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Fig. 1 - Scheme of the experimental model of the hydro-mechanical mixer

1 — the reactor vessel; 2 — hydro-mechanical mixer; 3 — atomizer; 4 — reactor head; 5 — chamber for sediment accumulation;
6 — electric motor; 7 — scraper; 8 — chamber for sediment removal

/

Fig. 2 - General view of the experimental model of the hydro-mechanical mixer

The resultant of forces of resistance (the total aerodynamic force) is decomposed into two
components, the drag (force head) and lifting force. These components help to establish a force that acts in
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the fluid flow perpendicular to the plane of the scapula. Viscous medium of the emulsion counteracts the
movement of the blades moving under the action of jets reactive forces. When moving the blades in a real
fluid, in addition to the pressure force on the blade perpendicular to the blade surface and applied in the
centre of pressure, they will act directed along the blade forces of friction and resistance dependent on
geometric dimensions of the blade. To account for the action of these forces, as well as other unexplored
factors, dimensionless coefficients of the changes in the blade lift k, and drag force ky have been
introduced. Then, the components of the total aerodynamic force, considering the rotational movement of the

blades, can be written as follows:
2,2

0 r
ROX = CX kx 2 A 1 (2)
2.2
Jo[ 0N §
Roy = Cyky =—4 (3)

where Cy,Cy — accordingly, the coefficients of blade drag and lift force, rel. units; k, and ky —

dimensionless coefficients of changes in the blade lift and drag force, rel. units w — the angular velocity of
blades rotation, rad/s; r — the distance from the centre of rotation to the point of force application, m, A — the
area of the blade, m°.

v W
Fig 3 - Interaction scheme of hydro-mechanical mixer blades

with the emulsion during the mixing process

During the rotation of the blades the change of drag and lift forces depending on the radius of blade
rotation is observed and were determined the elementary drag and lift forces influencing the elementary area
of the blade with the length of dr, which is at a distance of r from the axis of rotation. Considering the size of
the blade it was determined the elementary moment of resistance dMg, which is created by the basic drag
force on an elementary square of the blade with the length of dr.

Integrating the equation for the elementary moment of resistance due to action of an elementary force
of drag, it was obtained the value of the resistance moment depending on the blade rotation radius:

2
Mg = Cy Ky p‘é’ hrt 4

where INax — the maximum radius of the blade, m, h- the width of blades, m.

The resulting equations have given the opportunity to make the differential equation, which describes
the dynamics of hydro-mechanical blade mixer and has the following form:
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Where: J - the moment of inertia of the hydro-mechanical blade mixer, kg m?; r@l - the radius of installation
|

of the i " atomizer, m; t - mixing time, s.
The differential equation solution allowed us to obtain an equation to determine the dynamics of
changes in the angular velocity of hydro-mechanical blade mixer rotation in the following form:

|:£+J_w”exp<2tr) }
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where:
; — the initial angular velocity of rotation of the blades, rad/s;

a:l(qH”H GJ zr — the ratio of rotational moment to the hydro-mechanical mixer moment of
JU 60 1ByNg

i=1
inertia;

1 \ : : . : —_—
b= 7 Cyky P hz re.i —the ratio of resistance to the hydro-mechanical mixer moment of inertia.

i=1
In steady state of hydro-mechanical mixer rotation, its angular speed will be @, =+a/b.
According to equation (6), it was designed the graph (Fig. 4) from which it follows that an increase in
the frequency of the pump shaft rotation from 700 to 1400 rpm leads to an increase in the steady-state

rotation frequency of hydro-mechanical blade mixer from 8.76 to 34 rpm. Steady state of hydro-mechanical
mixer rotation begins at time of 0.2-0.4 sec.
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Fig. 4 - Curves of acceleration of hydro-mechanical blade mixer depending
on the frequency of pump rotation at an angle of the blades of 60°
1-700 rpm; 2 — 875 rpm; 3 — 1050 rpm; 4 — 1225 rpm; 5 — 1400 rpm

On the basis of experimental studies, the dependence of the drag coefficient on the frequency of
pump rotation (Fig. 5) was found, which allowed us to obtain complete coincidence of the experimental data
with the theoretical dependence, which relates steady frequency of mixer rotation and the rotational speed of
the pump.
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For the dependence of the hydro-mechanical mixer established rotation frequency on the angle of the
blades, the level of approximation of theoretical and experimental data, estimated by the index of
determination is 0.93 rel. units (Fig. 6).
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Fig. 5 - The graphical dependence of the drag coefficient on the frequency of pump rotation
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Fig. 6 - The graphical dependence of the mixer steady-state rotation frequency
on the angle of the blades
..—theoretical values; —experimental values

The proposed calculation of equipment for the production of bio-diesel gave the ability to determine
the equipment design parameters (Fig. 7) for biodiesel production for agricultural needs. The use of hydro-
mechanical mixer for biodiesel production allows obtaining biodiesel according to the simplified technology in
agricultural production.

LS ]

Diesel
biofuel

Vegetable
oil

Potassium
methylate

Fig.7 - Diagram of the biodiesel production plant
1 — gravity separator body; 2 — emulsion intake pipe; 3 — hydro jet mixer; 4 — atomizer; 5 — blade; 6 — bio-diesel removal cock;
7 — mechanism for glycerol precipitate removal; 8 — scraper for glycerine precipitate removal; 9 — cock for glycerine precipitate removal
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CONCLUSIONS

The developed mathematical model for determining the angular velocity of rotation of hydro-
mechanical mixer, depending on the pump parameters, density of vegetable oil, the actual cross-sectional
area of the atomizers and their number, as well as the height and radius of the blades allows determining the
dynamics of the hydro-mechanical mixer angular velocity of rotation and its steady-state value.

It is established that with increasing pump speed from 700 to 1400 rpm, the rotation frequency of
hydro-mechanical mixer changes from 8.76 to 34 rpm and the steady state occurs in 0.2-0.4 sec.

On the basis of experimental studies was found the dependence of the drag coefficient of the pump
rotation frequency.

The results of the conducted theoretical and experimental studies of hydro-mechanical mixer for
vegetable oil and potassium methylate allowed developing the methods for engineering calculation of the
mixer structural and technological parameters.

REFERENCES

[1] Alamsyah R. Loebis H., (2014), Design and Technical Testing for Crude Biodiesel Reactor Using Dry
Methods: Comparison of Energy Analysis, Energy Procedia, Sweden, no.47, pp.235-241, ISSN: 1876-
6102;

[2] Atadashi I.M., (2015), Purification of crude biodiesel using dry washing and membrane technologies,
Alexandria Engineering Journal, Alexandria/Egypt, vol.54(4), pp.1265-1272, ISSN: 1110-0168;

[3] Baskar G., Aiswarya R., (2016), Trends in catalytic production of biodiesel from various feedstocks,
Renewable and Sustainable Energy Reviews, Netherlands, vol.57, pp.496-504, ISSN: 1364-0321;

[4] Brasioa A., Romanenko A., Santosa L., Fernandes N., (2011), Modelling the effect of mixing in
biodiesel production, Netherlands, Bioresource Technology, vol.102(11), pp.6508—6514, ISSN: 0960-
8524;

[5] Drahniev S., (2010), Experimental researches of technological parameters of the esterification process
of vegetable oils (EkcnepumeHTanbHi JOCNIAXEHHS TEXHOMOMNYHUX NOKa3HWKIB npouecy ectepudikawii
pocnuHHux onin), Scientific Bulletin of National University of Life and Environmental Sciences of
Ukraine (Haykosuli sicHuk HauioHanbHo20 yHigepcumemy biopecypcie i npupodoKopuCmy8aHHs
YkpaiHu), Kyiv/Ukraine, vol.144, no.3, pp.163—-172, ISSN 2222-8594;

[6] Drahniev S., Kukharets S., (2010), Verification of structural parameters of periodic reactor for
esterification of vegetable oils (O6rpyHTyBaHHsI KOHCTPYKTUBHUX NapameTpiB NepiogMyHOro peakropa
ecTepudikauii pocnmHHnx onin), Scientific Bulletin of National University of Life and Environmental
Sciences of Ukraine (Haykosuli eicHuk HauioHanbHo20 yHieepcumemy  biopecypcige i
npupodokopucmyesaHHs1 Ykpairu), Kyiv/Ukraine, vol.144, no.4, pp.334-342, ISSN 2222-8594;

[7] Ehsan M., Tofajjal H., (2015), Production of Biodiesel Using Alkaline Based Catalysts from Waste
Cooking Oil: A Case Study, Procedia Engineering, vol.105, pp.638—-645, ISSN: 1877-7058;

[8] Golub G.A., Kukharets S.M., Yarosh Y.D., Kukharets V.V., (2017), Integrated use of bioenergy
conversion  technologies in  agroecosystems, INMATEH —  Agricultural Engineering,
Bucharest/Romania, vol.51, no.1, pp.93-100, ISSN 2068-4215;

[9] Golub G., Kukharets S., Chuba V., et al., (2017), Rationale for the parameters of equipment for
production and use of biodiesel in agricultural production, Eastern-European Journal of Enterprise
Technologies, United Arab Emirates, Ne 2/1(86), pp.28-33, ISSN 1729-3774;

[10] Golub G., Kukharets S., Osipchuk O., Kukharets V., (2015), Analysis of the process of biodiesel
production and justification of the main parameters of the reactor—separator (AHanu3 npouecca
nonyyeHuss OuMOAM3ENbHOrO roptodero M oboCHOBaHME OCHOBHbLIX MAapamMeTpoB peakTopa—
pasgenutens), Motrol. Commission of motorization and energetics in agriculture, Lublin/Poland,
vol.17, Ne 9, pp.149-155, ISSN: 1730-8658;

[11] Golub G., Kukharets S., Osipchuk O., Pavlenko M., (2015), A study of energy efficiency of the
circulating reactors-separators (JocnigXeHHs eHepreTUYHOI ePEeKTUBHOCTI LMPKYNAUINHMX peakTopis-
posgintoBadyiB), Technical and technological aspects of the development and testing of new equipment
and technologies for agriculture of Ukraine (TexHIKO-mexHOMO2IYHIi acrnekmu po38UMKY ma
surnpobysaHHsi HOBOI MexHIKU i mexHosnoeil dns cinbcbko2o eocrnodapcmea YkpaiHu), Kyiv/Ukraine,
vol.19, pp.276-282, ISSN 2305-5987;

111



Vol. 54, No. 1 /2018 INMATEH — icultural

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Golub G., Pavlenko M., Chuba V., Kukharets S., (2015)., The production and use of bio-diesel based
on vegetable oils (BupobHMLTBO Ta BUKOPUCTAHHS AN3ENbHOIo BGionanvea Ha OCHOBI POCITMHHUX ONilA),
National University of Life and Environmental Sciences of Ukraine, Kyiv/Ukraine, ISBN 978-617-7189-
62-5;

Ivanov B., Stoyanov S., (2016), A mathematical model formulation for the design of an integrated
biodiesel-petroleum diesel blends system, Energy, United Kingdom, vol.99, pp.221-236, ISSN: 0360-
5442;

Kundu P.K., Cohen I.M., Dowling D.R., (2016), Fluid Mechanics, Academic Press, Boston/USA, ISBN
978-012-4059-35-1;

Mushtruk M., Sukhenko Y., Sukhenko V., (2013), The production of bio-diesel from technical animal
fat (BupobHMLTBO au3enbHoro Gionanmea 3 TEXHIYHMX TBAPUHHUX XKpiB), Engineering and technology
of agroindustrial complex (Texwika ma mexHornoaii AllK), Kyiv/Ukraine, no.4(43), pp.17-20, ISSN
2306-1391;

Pavlenko M., Golub G., (2013), Energy performance of the esterification process of rapeseed oll
(EHepreTuyHi nokasHukM npouecy etepudikauii pinakosoi onii), Scientific Bulletin of National
University of Life and Environmental Sciences of Ukraine (Haykosuli eicHuk HauioHansH020
yHigepcumemy biopecypcie i npupodokopucmysaHHsi YkpaiHu), Kyiv/Ukraine, vol.185, no.3, pp.91-
100, ISSN 2222-8594;

Poppea J., Fernandez-Lafuente R., Rodriguesa R., Ayuba M., (2015), Enzymatic reactors for biodiesel
synthesis: Present status and future prospects, Biotechnology Advances, Netherlands, no.33(5,
pp.511-525), ISSN 0734-9750;

Sungwornpatansakul P., Hiroi J., Nigahara Y., et al., (2013), Enhancement of biodiesel production
reaction employing the static mixing, Fuel Processing Technology, Netherlands, vol.116, pp.1-8,
ISSN: 0378-3820;

Qiu Z., Zhao L., Weatherley L., (2010), Process intensification technologies in continuous biodiesel
production, Chemical Engineering and Processing: Process Intensification, Netherlands, vol.49, no.4,
pp.323-330, ISSN: 0255-2701;

Wulandani D., llham F., Fitriyan Y., et al., (2015), Hagiwara Modification of Biodiesel Reactor by using
of Triple Obstacle within the Bubble Column Reactor, Energy Procedia, Sweden, vol.65, pp.83-89,
ISSN: 1876-6102;

Xua J., Liva C., Wanga M., et al., (2017), Rotating packed bed reactor for enzymatic synthesis of
biodiesel, Bioresource Technology, Netherlands, no.224, pp.292-297, ISSN: 0960-8524.

112



Vol. 54, No. 1 /2018 INMATEH — icultural

THE LONG-TERM ASSESSMENT OF MISCANTHUSx GIGANTHEUS CULTIVATION
IN THE FOREST-STEPPE ZONE OF UKRAINE
/
BAIrATOPIYHA OLIHKA BUPOLLYBAHHAST MISCANTHUSx* GIGANTHEUS Y
JIICOCTEOBIA 30HI YKPATHU

Dr. Ph.D. Biol.Sci.Kvak V.”, Assoc. Prof. Ph.D. Biol.Sci.Stefanovska T.?, Prof. Ph.D. Biol.Sci. Pidlisnyuk V.?,
Ph.D. Stud. Alasmary Z.”, Prof. Ph.D. Agri.Sci. Kharytonov M. >
Y Institute of Bioenergy Crops and Sugar Beets of the NAAS of Ukraine ; 2 National University of Life and Environmental
Sciences of Ukraine; ¥ Jan Evangelista Purkyn& University in Usti nad Labem; 4 Kansas State University;
% Dnipro State Agrarian and Economic University
Tel: 0973456227; E-mail: envteam@ukr.net

Keywords: Miscanthus, weather, yield, planting density, energy output, prediction

ABSTRACT

Multi-year results of research of Miscanthus x giganteus cultivation in several parts of Ukrainian
Forest-Steppe zone: western, central, and left parts are presented. The weather conditions at four research
sites, based on the meteorological data for years 2011-2015 were analysed. Two subzones of unstable and
insufficient rainfall distribution were selected. The influence of climatic conditions to Miscanthus x giganteus
production was evaluated. The equation of the regression of yield dependence on hydrothermal coefficient
and planting density was calculated. It was established that the indexes of environmental conditions in
observed climate zones of Ukraine varied from - 0.41 to 0.29 conventional units. The proposed approach
provided the opportunity to predict the yield and energy output of Miscanthus x giganteus when the data of
planting density are known.

PE3IOME

baszamopiyHi pe3ynbmamu docidxeHb supouwlyeaHHsi Miscanthus x giganteus e OekinlbKOX YyacmuHax
nlicocmenoeoi 30HU YkpaiHu: 3axiOHoi, LieHmparnbHoi i niieoi yacmuHu. [10200Hi yMO8U 8 HOMUPLOX HayKO80-
docnidHux cmauioHapax, Ha OCHo8i Memeoporsio2iyHux daHux Ha 2011-2015 poku 6ynu npoaHarizosaHi.
Bynu obpani d8i nid3oHU Hecmilikoeo ma HedocmamHb0o20 po3r1odiny onadie. Brnug KniMamu4yHUX yMo8 Ha
supouwysaHHs MickaHmyca x giganteus 6ys ouiHeHul. PigHsiHHA pezpecii 3anexHocmi epoxalHocmi gid
eidpomepmiyHo20 kKoedpiyieHma | winbHicme nocadku 6yno pospaxosaHo. byno ecmaHoeneHo, w0
r10Ka3HUKU eKOJs102i4HOI 06CmaHOBKU 8 CriocmepeXxyeaHux KiiMamu4YyHUX 30Hax YKpaiHu Konuearombecs - 8i0
0,41 do 0.29 ymosHuUX 00UHUUb. 3anpornoHosaHuli nidxid Hadae MoXugicms fMpoe2Ho3ysamu ypoxauHicms i
suxid eHepeaii Miscanthus x giganteus, konu gidomi daHi w,inbHocmi rnocaokKu.

INTRODUCTION

The using of perennial grasses biomass and fast growing wood is increasing globally (Pyter et al,
2010; Otepka 2014; Gubisova et al, 2016). It is driven by the climate change phenomena and the obligatory
goals to increase sharing of alternative energy by 20% until 2020 forced by European Union countries.
Ukraine is an energy-dependent country and for resolving energy consumption issues has to replace
exhaustive energy sources by renewable ones, including biomass production. The estimated sharing of
renewable energy in country’s total primary energy balance is expected to be 8% for year 2020 and 25% for
year 2035 (Geletukha et al., 2016). The soil and climatic conditions in the main regions of Ukraine are
favourable for energy crops cultivation with high level of biomass energy accumulation. The perennial grass
Miscanthus x giganteus (M.x giganteus) is considered to be one of the most promising bioenergy crops. The
plant is a sterile, triploid hybrid, has a C-4 photosynthetic pathway and high conversion efficiency. Besides, it
has a good environmental profile with the potential to increase soil carbon, soil fertility and biodiversity, and
to reduce nutrient run-off and leaching (Faber et al., 2007; Brosse et al., 2012). These crop first plantations in
Ukraine were grown last decade. Since that time the planted areas with Miscanthus have been rapidly
expanded and currently reach about 1,000 ha. Recently, the several species of herbivorus from six
taxonomic orders were recorded at M.x giganteus (Stefanovska et al., 2017).
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The study of Miscanthus crop economic efficiency has a practical usefulness for farmers wanting to
invest in energetic crops (Vasylieva, 2013; Velychko, 2014; Sorica, 2015). The process of achieving the high-
yield of Miscanthus biomass requires the optimisation of the crop production technologies. In fact, the crop
harvest is determined by soil and climatic conditions, planting density, the quality of planting material, soil
tillage and fertilization. It is important to determine the optimal parameters of the above-mentioned factors
and their interactions (Hastings et al., 2009).

The study conducted by Randall et al. (2016) at two locations in Missouri, USA was focused on
assessing the rhizome quality and the soil depth from the surface to claypan affecting the establishment of
the crop. Results showed a M. x giganteus growth potential in terms of early growth or yield and confirmed
earliest obtained results (Christian et al, 2001; 2008). It was shown that propagating larger rhizomes led to
the better plantation establishment. However, Randall et al (2016) did not detect the impact of claypan soils
to the establishment of the crop.

Another study initiated in 2008 in lowa, USA (Lok, 2015) was focused on identifying the management
practices for M. x giganteus to maintain soil resources during the establishment of the crop, which included
soil characteristics (soil bulk density, soil aggregate stability, and steady-state infiltration) and the percent
plant cover (live plant, mulch, and bare soil). The experiment was carried out with miscanthus and four
accompanion crops: Secale cereal (Rye), Avena sativa (Oats), Trifolium incarnatum (Crimson clover), and
Trifolium repens (White clover). A little influence of cover crops on soil quality parameters through
miscanthus establishment was found. It was mentioned that intermediate aggregate size fractions were the
only variables that significantly responded to the addition of cover crops. Thus, the changes in these size
fractions were indicative of probable belowground differences that were slowly occurring from bioenergy crop
and cover crop root growth. The numerous field studies' results indicated that M.xgiganteus had a good
tolerance to temperate climate conditions (Anderson et al., 2011).

The analysis of literary sources proved that during the vegetation period the crop required a low
amount of mineral fertilizers. The average annual recommended dose of nutrients which applied in practice
was the following: 60-100 kg N ha™; P 7-15 kg P ha™ and 50-130 kg K ha™ (Caslin et al., 2011). However,
the data about nitrogen impact on plant’s yield was rather controversy. Several studies indicated that M.x
giganteus had the low nitrogen needs for growth. Water available for Miscanthus production affected
responses to nitrogen. The studies on nitrogen fertilizers impact on M.x giganteus biomass yield and plant
morphometrical characteristics (Ercoli et al., 1999; Christian & Haase, 2001; Danalatos et al., 2007; Cadoux
et al., 2008; Christian et al., 2008) indicated only a little or no effect on that impact. Nitrogen fertilizers were
added in the amount of 60-240 kg N ha™ in non-limiting water conditions. Other studies showed the trend of
increasing M. x giganteus yield while fertilizing (Lewandowski and Schmidt, 2006; Cosentino et al., 2007). In
that research nitrogen fertilizers were applied in ratio of 110 kg N ha. The significant positive effect was
recorded during the third year of plant’s growth in limiting water conditions. The same researchers while
investigating two- or three-year-old crops indicated the impact of crop age to the nitrogen properties.
However, absence of nitrogen effect was observed in the mature plantation (above 10 years old) of M.x
giganteus (Lewandowski et al. 2000; Danalatos et al. 2007; Christian et al. 2008). The recent results (Lee et
al. 2017) showed that fertilization of the soil increased the yield components and contributed to M.x
giganteus biomass production.

The annual recirculation of nutritional elements was carried out (Zub and Brancourt-Hulmel, 2010). In
that research the outflow of nitrogen and other nutritional substances from the aerial to the earth parts of the
plant in an autumn to spring period was monitored. It was shown that nutritional elements were being
accumulated in rhizomes and after were reused during new vegetation season. The root system of the plant
could penetrate deep enough and used nutritional substances from the deeper soil layers (Tuomisto et al.
2012). The features of this crop allowed providing its cultivation at the marginal lands and ensuring the
sustainable energy production.

Just a few study results are available regarding the response of M.x giganteus production to the plant
density (Danalatos et al. 2007). It was observed that biomass production improved while increasing density
from 0.67 to a 1- and 2-plants m™.

The crop has rather good productivity when planted at the marginal agricultural (Gopalakrishnan et al.
2011) and moderately contaminated (Pidlisnyuk et al. 2014; Pidlisnyuk et al. 2016) lands. The crop
cultivation is not in conflict with the food security requirements (IEA/FAO, 2017). From that stand points the
determination of peculiarities of growing plant at the different arable and marginal lands in Ukraine and
establishing the impact of climate conditions on the plant productivity have essential scientific and practical
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interests (Zhukov and Zadorozhnaya, 2016; Zhukov et al. 2017). A large part of low-yielding, degraded or
slightly heavy metals contaminated soils are located at the Forest-Steppe zone of Ukraine. Those soils are a
subject to cultivation, and one of the proposed approaches can be growing M.x giganteus on them. The
study objectives were to examine the effects of climatic/soil conditions and plant density on biomass yield
during long-term M.x giganteus cultivation in Ukraine. The research was focused on the following main tasks:

- to evaluate impact of climatic conditions and year of growing on miscanthus yield based on
calculations of the environmental conditions index (lj).

- to learn the specificities of yield formation depending on weather conditions for the different parts of
forest-steppe zone of Ukraine.

- to analyse the productivity of plant in the third year of vegetation.

- to evaluate the regression equation for the yield and energy output of plant in the third year of
vegetation.

MATERIALS AND METHODS

The research was conducted at the four sites located in the following parts of the Forest-Steppe of
Ukraine: A, B — Western, C — Central, D - Left part. The sites were assigned to the subzone of sufficient
rainfall distribution: the fields of Borshchiv Agricultural College (A, 48°47°13.63'N, 26°02°35.92'E),
Yaltushanska (B, 49°00°01.25"N, 27°27°12.12"°E) and Bilotserkivska experimental breeding stations (C,
49°43°33.10°N, 30°06°15.20"E), and the subzone of insufficient humidity at Veselo-Podilska (D,
49°36°19.63 "N, 33°13°32.79"°E) experimental breeding station. M. x giganteus autumn star flower variety
(the selection breeder of the variety - Institute of bioenergy crops and sugar beets) was planted annually in
spring at four sites during 2011-2015 using the similar cultivation scheme. The crop was planted manually on
subplots with surface of 75 m?® each and the soil loosening and tilling was conducted prior to planting.
Mechanical control was used to eliminate weeds. The three planting density rates used were 10, 15, 20
thousand plants ha™. The experiment was performed in three repetitions.

Sampling, observations and analysis of plant growth

The meteorological indicators: daily air-temperature and precipitation were recorded using the Guide
to Agricultural Meteorological Practices (2012). The effective temperatures sum (above 10 0 C) were
calculated. Average decade/monthly meteorological indicators were compared with long-term data.

Agrochemical analysis of soil was performed before and after the experiments; easily hydrolysed
nitrogen was analysed by Cornfield’s method; phosphorus and potassium were analysed in accordance with
Kirsanov's method (Arinushkina, 1970). Biometric characteristics were estimated by measuring plants
monthly:

a) the height of the main stem was measured from the soil surface to the top of the longest leaf, and
during the phase of panicles - from the base to the top;

b) the number of stems in a stand was determined by calculation of all stems.

4. The yield of dry leaf-stem mass was determined continuously throughout the season.

5. Hydrothermal coefficient (HTC) was calculated as ratio of monthly precipitation P toward total
temperatures same month 2T (reduced for 10 times), HTC =2P/0.15T

(Radzka et al. 2015).

6. The statistical analysis was performed using computer programs Excel and 'Statistica 6.0'".

The environmental conditions index was calculated using the following formula (Zykin et al., 2005):

lj=2Yij/v—22Yij/vn (@D)]
where:
2Yij — the amount of yield for the n" year of research;
2Yij — the amount of yield for all years of research;
v — the number of planting density studied indicators;
n — the number of researched years.

RESULTS

The data on the climate conditions in the research regions are presented in Table 1. The climate in the
research regions is moderate continental with insignificant amplitudes of temperature fluctuations and is
characterized by short mild winter, warm damp summer and sufficient precipitation.
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Table 1
The climate indicators in the location of the researched plots
Indicators A B C D

Climate moderate continental
The effective temperatures sum, °C 2500-2600 1942-2059 2500-2800 2600-2900
Precipitation during the vegetation
period, mm
Annual precipitation, mm 570 550 538 457

370-420 190-380 150-480 280-360

In order to evaluate annual climate conditions, the index of environmental conditions (lj) was
calculated. The estimation showed that weather conditions had a significant impact on the formation of M. x
giganteus vyield. In particular, the assessment of weather conditions impact during the vegetation period
showed that among all years of research, 2013 (A) was the most favourable for the production of biomass,
when the environmental conditions index (lj) was 0.26 conventional units, and the total annual sum of the
index values was equal to 0.66. The year 2015 was considered the most unfavourable year, with the index
values (lj) fluctuating from (-0.05) to (-0.41), and the total sum of values was equal to -0.83 conventional
units (Table 2).

Table 2
Environmental conditions index (lj)

Study years A 5 c D Total value per
year
2011 -0.23 -0.22 0.02 -0.02 -0.45
2012 0.03 0.10 -0.11 -0.05 -0.03
2013 0.26 0.18 0.21 0.01 0.66
2014 0.11 0.14 0.29 0.11 0.63
2015 -0.17 -0.20 -0.41 -0.05 -0.83

The divergences between the variants were significant at P>0, 05. The analysis of the impact of
weather conditions during vegetation period over five years of observations showed that the Western (A, B)
and Central (C) parts of the Forest-Steppe of Ukraine were characterized by more favourable and sporadic
unfavourable years, while the Left part (D) showed the low amplitude of environmental conditions
oscillations. The analysis of dry miscanthus biomass vyield in the first year of vegetation is presented in
Figure 1.
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Fig. 1 - Dry Miscanthus biomass yield in the first year of vegetation
The results indicated that crop productivity varied depending on weather conditions and cultivation

area. Indeed, the highest yield (1.9 ha'l) was observed in 2013 (A), while the lowest (1.0 ha'l) was obtained
in 2015. Over the years of research, the yield of the dry biomass was mostly stable on D, the variation
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coefficient for planting density of 10, 15 and 20 thousand plants ha™ was 5.8; 4.6 and 2.9% respectively. The
highest fluctuations of the dry biomass yield were observed on C with the variation coefficient 22.1; 18.1 and
11.7%, which were associated with the changes of weather conditions, since in this zone the environmental
conditions index (lj) reached the lowest (-0.41) and the highest (0,29) values. The comparative analysis of
the impact of different precipitation and air temperature values represented by the hydrothermal coefficient
on miscanthus yield formation proved the existence of the direct close correlation (r=0.9733), i.e. increasing
of HTC led to the increased yield. In the year 2011 (A) the yield was 1.4 ha™ at the HTC value equal to 0.96,
in 2013 the yield was 1.9 ha™ and the HTC value was 1.78 (Fig. 2).
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Fig. 2 - The hydrothermal coefficient and Miscanthus yield formation

Regression coefficient at the regression equation Y = 0.619 x+0.788 showed how many units the
resulting characteristic was down. It was determined that increasing the HTC by 0.1 led to increasing the
yield up to 60 kg ha™. During the first two years, the yield was insignificant and did not have a commercial
value. The majority of literature data noted (Christian et al. 2008; Angelini et al. 2009; Maksimovic et al.
2016) that under conditions of moderate continental climate, Miscanthus could provide a commercial yield
starting from the third year of growth. The maximum yield of the dry biomass (16.3 ha™) after the third year of
vegetation was obtained on field A with the planting density of 20 thousand plants ha™, whereas the lowest
yield (10.4 ha™) was observed on field C with the planting density of 10 thousand plants ha™ (Fig. 3).
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Fig. 3 — Miscanthus biomass yield dependence on planting density in fourth parts of forest-steppe zone

While analysing the yield-producing power of the dry biomass at the planting density of 15 thousand
plants ha™, it can be seen that the highest value was on A, following by 14.5 ha™ on D and 12.6 and 11.8 ha’
‘onBandC, respectively. That observed order was probably due to the weather conditions. The obtained
results demonstrated that the yield of M.x giganteus substantially differed depending on the location of the
researched fields and years of cultivation. The age of plantations had a significant impact on the yield value,
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and the plants themselves were very sensitive to late spring frosts and lack of soil moisture in the middle of
the vegetation period. Through the current study there were no late frosts observed on the experimental
fields, however, dry summers in years 2011 and 2015 led to the slow development of the aerial parts of
plants which was in accordance with the published study of Maksimovi¢ et al., (2016). The results presented
in Fig. 4 showed that the increased plant density led to the increased yield of miscanthus biomass.

y = 3,633In(x) + 12,53

18,0 RZ=10,977 16,3

16,0 A p<0,0515,4 > T 320

14,0 A | 4 300 ©
— 304,8 <
s 12,0 H 3
= 288,0 T280
= 10,0 A >
2 50 - y = 67,95In(x) + 234,3 logo &
5 g R2 = 0,977 S
2 607 / p<0,05 1240 =
2 4,01 | =
g 2.0 4 231,9 ¢ mQutputofenergy | T 220 O
2

0,0 T T 200

10 15 20
Planting density, thousan plans ha *

Fig. 4 - Relation between Miscanthus biomass and energy output

Therefore, the output of solid biofuel was going to increase as well. Indeed, at the planting density of
10 thousand plants ha™ the energy output equalled 231.9 gigajoule ha™, at the density of 15 thousand plants
ha™ - 288.0 gigajoule ha™, at the density of 20 thousand plants ha™ - 304.8 gigajoule ha™. The highest
energy output (288.0-304.8 gigajoule ha™) was observed at the planting density of 15-20 thousand plants ha’
! The lowest energy output (231.9 gigajoule ha'l) was registered at the planting density of 10 thousand
plants ha™.
Based on the research results the following regression equation was calculated:

Y=3,633 Ln (PD) +12, 53 )

where Y - the yield of the dry biomass of M.x giganteus in the third year of vegetation, ha™; PD - planting
density, thousand plants ha™; and

E=67.95Ln (PD) +234.3 @)

where E - the energy output of the biomass of M.x giganteus in the third year of vegetation, gigajoule ha™;
PD - planting density, thousand plants ha™. The proposed regression equations may be used to predict the
yield and energy output when the data of planting density of M.x giganteus will be known for another
plantation.

CONCLUSIONS

The analysis of weather conditions at the experimental plant-breeding stations during the monitoring
years 2011-2015 showed that the temperature regime significantly exceeded the average long-term values
for these subzones in Ukraine. Average annual precipitation was within the range of average long-term
values. However, their distribution over months was random. The assessment of environmental conditions
index (lj) showed that the Western (A, B) and Central (C) parts of the Forest-Steppe of Ukraine were
characterized by more favourable and sporadic unfavourable years, while the left part (D) was regarded as
rather neutral, close to zero. The obtained results demonstrated that the yield of M.x giganteus substantially
differed depending on the location and years of cultivation. The main factors of biomass formation were
precipitation and average daily temperature during the vegetation period, represented by a hydrothermal
coefficient (HTC). Based on the regression equation Y = 0.619 HTC+0.788 it was possible to calculate the
yield of the dry biomass during the first year of vegetation. On fields A with planting density of 20 thousand
plants ha™ the yield equal to 16.3 ha™ of the dry biomass was obtained. Starting from the third year of
vegetation, the yield of the Miscanthus ranged from 10.4 to 16.3 ha™. The yield level also depended on
planting density. Based on the data of Miscanthus yield in the third year of vegetation the equations of
regression for the yield Y=3.633 Ln (PD) +12.53 and energy output E=67.95 Ln (PD)+234.3 were proposed.
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These equations provided the opportunity to further predict the yield and energy output when the data of
planting density will be known.
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ABSTRACT

The paper researches the effect of structure and operation parameters of the self-developed half-
feeding peanut picking device on the picking performance by response surface methodology. Through the
response surface optimization test and design principle of Box-Behnken, the cylinder length, roller diameter,
the overlap distance of outlet end, the roller speed and the clamping conveying speed are taken as factors;
the synthetic weighted mark method is used to obtain the response value that taking the comprehensive
index determined by the picking rate of the peanut pods as the test. The paper also makes response surface
analysis to the effect of different factor level on the comprehensive index. The quadratic polynomial
regression model of each factor to the effect of the comprehensive index is established. The factors are
optimized and the optimization results are tested through the picking experiment. The experiment results
show that when the picking roller length is 875mm, the roller diameter is 158mm, the overlap distance of
roller outlet is 5.6mm, the rotational speed of picking is 302rpm and the clamping conveying speed is 1.1m/s,
which is the optimal parameter combination. The quadratic polynomial regression model established can
reflect the effect of each index on the working performance optimally. The optimization results based on the
guadratic polynomial regression model are consistent with the actual operation. The research provides a
technical basis for the improvement of peanut harvesting machinery.
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INTRODUCTION

The overall level of peanut harvesting mechanization is low in China. How to improve the level of
peanut harvesting mechanization is a big problem faced by the peanut industry in China (LU X.L. et al, 2012).
The half-feeding picking is suitable for dry and wet peanuts, which effectively promotes the marketing time of
fresh peanuts in advance. At present, the half-feeding peanut picking device is in the development stage,
there are still many problems in the operation process (LU X.L. et al, 2014; Hu Z.C. et al, 2012; Xu J.K. et al,
2014; Nuti R.C. et al, 2010; Guan M. et al, 2015). Response surface methodology (RSM) is a global function
relationship synthesizing test design and mathematical modeling through local experiment to return fitting
factor and results. Compared with the traditional optimization test methods, the test group needed by RSM is
relatively small, which can use the most economical way and least time to study the experiment
comprehensively. It has been widely used in various industries now (Ambati P. and Ayyanna C., 2001; Hu
Z.W. et al, 2016; Lee W.C. et al, 2006; Arzu Y. and Adnan D., 2007; Hou X.M. et al, 2013; Zhao H.M. et al,
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2011). The paper uses the Box-Behnken pattern of RSM in the Design-Expert to study the effect of half-
feeding picking device structure and operation parameters on the picking performance.

MATERIALS AND METHODS

e Test materials and methods

The test selects self-developed half-feeding peanut picking device to test the picking performance, as
shown in Fig.1. The picking object is spring planting peanuts and the variety is “TaiHua four”. In the
experiment, the peanut vines are dug artificially. Twenty plants are fed continuously and uniformly in each
test, repeating three times to take the average value of the results. The paper refers to Peanut picker
operation quality of Agricultural Industry Standard of the People's Republic of China (NY/T 993-2006) to
calculate picking rate and damage rate. The calculation method of each detection index is as follows:

Picking rate=100%x(1- weight of unpicking)/( weight of unpicking+ weight of damage+ weight of good)

Damage rate=100%xweight of damage/( weight of unpicking+ weight of damage+ weight of good)

Fig.1 - Structure diagram of the peanut picking device

e Test plan design
According to the design principle of Box-Behnken (GUO Y et al, 2017), the paper makes response
surface test analysis on the picking roller length L, the roller diameter D, the overlap distance of outlet end C,
the roller speed n and clamping conveying speed V in five factors and three levels. These factors are marked
as X;- Xs, and the test factor codes and level is shown in Table 1. The independent variable coding is
calculated according to the following transformation formula:

X, = (X; = X;o)/ AX, (1)

Where, X; is the code value of independent variable X;; X, is the value of the independent variable X;in
the centre; AX;is the change step of independent variable.

Table 1
Factors level and code of response surface analysis
Factor | coding | Non- coding | Coding value | level
-1 600
L/mm X1 X1 0 900
1200
-1 150
D/mm Xo Xz 0 200
250
-1 5
C/mm X3 X3 0 10
15
-1 200
n/rpm Xq X4 0 350
500
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Factor | coding | Non- coding | Coding value | level
-1 0.5
V/ m-s?t Xs Xs 0 10
1 1.5

In order to balance the impact of picking rate and damage rate, the comprehensive indicator
determined by synthetic weighted mark method is adopted as the response value of the response surface
test. When the comprehensive indexes are determined, according to the importance of each indicator, the
total “weight” number is 1 (Wang X.Y. et al, 2008), the damage rate is 50% and the picking rate is 50%. On
account of the opposite effect of the damage rate and picking rate on picking quality, the damage rate is
negative when the comprehensive indicators are calculated. Additionally, in order to eliminate the effect of
difference data measurement scale when the comprehensive marking index is calculated, the calculation is
introduced into the average value of each unit data. The comprehensive indicator of each group is expressed
as:

Y = DWW, Yi 2)
=t Yi
Where, y; is the calculation value (weighted score index) obtained by the i test; W; is the “weight” of the j

index; yj is the j index of the i test; r is the number of factors affecting comprehensive index; Yi is the
average value the j index in the group of tests.

RESULTS

¢ Analysis scheme and test results of the response surface

The test is made on the picking test bed according to the response surface. The multiple quadratic
regression equation between the factors and response value is established through multiple quadratic
regression method. The response surface between response value and variable is used for function analysis.
The correlation between the factor and response surface, and the relationship between factors are studied.
The response value is optimized for achieving the optimal value with factors combination in the whole region.
This test consists of six central point repeat and needs 46 tests, experiment scheme and test results of the
response surface are shown in Table 2.

Table 2
Design and results of RSM experimental schemes

Test groups Variable coding Response values
Xy X5 X3 X4 Xs Composite index Y
1 0 0 -1 -1 0 0.35
2 0 -1 0 1 0 -0.59
3 0 0 0 0 0 0.17
4 0 0 -1 0 1 0.22
5 -1 0 1 0 0 -0.03
6 -1 0 0 -1 0 0.29
7 0 0 0 1 -1 -0.81
8 -1 0 -1 0 0 0.19
9 0 1 1 0 0 0.08
10 1 0 -1 0 0 0.25
11 0 1 0 0 -1 0.17
12 0 0 1 0 1 0.05
13 1 0 0 0 1 0.22
14 -1 -1 0 0 0 0.22
15 0 0 0 0 0 0.17
16 0 0 -1 0 -1 0.14
17 0 0 0 1 1 -0.73
18 0 1 0 0 1 0.14
19 0 0 -1 1 0 -0.64
20 0 0 0 0 0 0.19
21 0 -1 1 0 0 -0.08
22 0 -1 0 -1 0 0.37
23 1 0 1 0 0 0.14
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Test groups Variable coding Response values
X1 X, X3 Xa Xs Composite index Y
24 1 -1 0 0 0 0.25
25 0 -1 -1 0 0 0.25
26 -1 1 0 0 0 0.08
27 0 1 -1 0 0 0.19
28 0 0 0 -1 -1 0.32
29 0 1 0 -1 0 0.19
30 0 -1 0 0 -1 0.22
31 -1 0 0 0 1 0.11
32 0 1 0 1 0 -1.56
33 0 0 1 -1 0 0.26
34 1 0 0 -1 0 0.33
35 0 0 1 1 0 -1.20
36 1 1 0 0 0 0.11
37 -1 0 0 0 -1 0.14
38 0 0 0 -1 1 0.28
39 0 0 0 0 0 0.17
40 0 0 0 0 0 0.17
41 -1 0 0 1 0 -0.78
42 1 0 0 1 0 -0.75
43 0 -1 0 0 1 0.25
44 0 0 1 0 -1 0.08
45 0 0 0 0 0 0.22
46 1 0 0 0 -1 0.17

e Picking performance test analysis and the establishment of regression equations
Design-Expert is used to obtain the response surface model of comprehensive index Y through
multiple regressions fitting for the test results, and makes variance analysis on the quadratic equation of the
response surface model; it also makes significant testing to the regression equation coefficient. Making
regression analysis on the test data in Tab.2, the full-factor quadratic regression model of the comprehensive
indicator coding space of the picking is specific to:
Y =0.1806 —0.0316 X, —0.0929X, —0.1031X, —0.5905X, + 0.0068 X, —0.0006 X, X,
+0.0277 X, X, —0.0029X,X, +0.0215X, X, + 0.0551X, X, —0.1969X, X,

—0.0138X, X, —0.1181X, X, —0.0278X, X, +0.0302X , X, + 0.0101X ?
—0.0428X 2 —0.0453X 2 —0.4558X 2 + 0.0145X 2

The variance analysis of quadratic regression equation model of the comprehensive index for picking
(shown in Table 3) shows that the response surface model is significant (P<0.001) with optimal fitting degree.
The determination coefficient R? of the model is 0.957; the adjustment determination coefficient Rad,-2 is 0.9227,
which indicates that the credibility and precision of the model is high. From the significance test and analysis
of regression coefficient (shown in Table 4), it is known that one degree term X, and quadratic term X, of the
roller speed n has an extremely significant influence on the comprehensive indicator of picking. The effect of
roller diameter D, the overlap distance C of outlet end and the interactive items (X,, X3, XoX,) between the
roller diameter D and roller speed n on the comprehensive index of picking is quite significant. Picking roller
length L and clamping conveying speed V has little influence on the comprehensive index of picking.

3)

Table 3
Variance analysis of quadratic regression equation model Y

source of variation Sum of squares degree of freedom mean square Value of F significance

Model 8.2598 20 0.4130 27.8479 < 0.0001
residual 0.3708 25 0.0148
error 0.0027 5 0.0005
total 8.6305 45
R?=95.70%

Ra/=92.27%
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Regression coefficient Y and its significant test
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Table 4

No. source of variation regression coefficient standard error Value of F  Value of significance P
1 constant term 0.1806 0.0497
2 Xy 0.0316 0.0304 1.0773 0.3092
3 Xa -0.0929 0.0304 9.3032 0.0054
4 X3 -0.1031 0.0304 11.4580 0.0024
5 X4 -0.5905 0.0304 376.1623 <0.0001
6 Xs 0.0068 0.0304 0.0494 0.8260
7 X1 X, -0.0006 0.0609 0.0001 0.9918
8 Xy X3 0.0277 0.0609 0.2068 0.6532
9 Xy Xy -0.0029 0.0609 0.0023 0.9621
10 X1 Xg 0.0215 0.0609 0.1243 0.7274
11 X, X3 0.0551 0.0609 0.8198 0.3739
12 Xo Xy -0.1969 0.0609 10.4570 0.0034
13 Xy Xs -0.0138 0.0609 0.0517 0.8220
14 X3 X4 -0.1181 0.0609 3.7645 0.0637
15 X3 Xs -0.0278 0.0609 0.2088 0.6517
16 X4 Xs 0.0302 0.0609 0.2466 0.6238
17 X, 0.0101 0.0412 0.0599 0.8087
18 X5 -0.0428 0.0412 1.0780 0.3091
19 Xq? -0.0453 0.0412 1.2075 0.2823
20 X2 -0.4558 0.0412 122.2492 < 0.0001
21 Xs? 0.0145 0.0412 0.1236 0.7281

Note: p <0.001 (extremely significant), p <0.01 (quite significant), p <0.05 (significant)

¢ Response surface interaction analysis

The multiple quadratic regression equation can obtain the response surface of picking factors on the
interaction of comprehensive index, as shown in Fig.2.
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Fig. 2 - The response surface of the interaction of various factors to the comprehensive index

It can be known from Fig.2 and combining the p value of each coefficient that the influence of each
factor on picking effect is respectively as the roller speed, the overlap distance of outlet end, the roller
diameter, the picking roller length and clamping conveying speed. Improvement of the roller speed increases
the picking force and frequency, the larger of picking revolving speed n and the quicker of picking leaf speed,
the higher of the picking strength and the higher of picking frequency; the hitting number of picking leave on
the peanut pods is more frequently in the same time. The picking rate is gradually increasing with
improvement of the roller speed; the growth rate form fast to slow, and the damage rate is also increasing.
The growth rate is from slow to fast; the picking rate reaches the maximum without change when the roller
speed exceeds a certain limit value and the damage rate increases significantly, reflecting the
comprehensive that it increases first and then decreases. With the increase of the roller diameter D and the
overlap distance C of outlet end, the larger of the volume of empty picking area, in the whole channel trip
from the entrance end to the outlet end, the volume of empty picking area crossed by peanuts. The larger is
the available picking area, the better is the effect of picking. The residual space of the blades with staggered
configurations of two roller decreases; the damage rate increases and the comprehensive index decreases.
With the increase of picking roller length L, the staying time of peanuts in picking is longer, and the hitting
time increases. Picking rate and damage rate are both increased, and the comprehensive index has a
certain increase and the impact is not obvious. With the increase of clamping conveying speed V, the smaller
the time of peanut staying in the picking is, the lower is the picking frequency, and the picking rate and
damage rate both decrease. The comprehensive index ¢ has certain decrease, but not an obvious one. In
the model, the interaction of the two groups on the comprehensive index is shown in Fig.2. With the increase
of roller speed and diameter, the picking rate and damage rate both increase significantly, and the
comprehensive index shows a downward trend. As the overlap distance of outlet end and the roller speed is
greater, the picking rate and damage rate both increase significantly. The smaller of the comprehensive
index, the effect of other interactions on the comprehensive index is small. From the optimized regression
model, the interaction of X,X, is quite significant in the model, which indicates that there is interaction
between the roller speed and the roller diameter.

e  Optimization of the picking condition and test of the regression model

The optimization solver of Design Expert is to optimize and solve the above established multiple
guadratic regression models, determining the optimal value of the corresponding factors when the
comprehensive index Y is the maximum. Where, the selection of clamping conveying speed area needs to
consider the productivity of the combined harvester. The suitable walking speed is 0.8-1m/s and the
clamping conveying speed is 0.9-1.2m/s when the machine harvests in the field. The optimal parameter
combination obtained by optimizing is that the picking roller length is 875mm, the roller diameter is 158mm,
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the overlap distance of outlet end is 5.6mm, the roller speed is 302rpm, the clamping conveying speed is
1.1m/s, and the comprehensive index is 0.3731 at this moment. Because the optimal parameter combination
obtained by optimizing does not present in the test of the response surface design scheme, the optimization
result and prediction model is verified. Three repeated experiments for the optimized parameters
combination on the picking test bed are made and the comprehensive index is measured as 0.3238. On
account of the small theoretical optimal value and the verification value of Y solved by quadratic regression
model, the difference can be ignored in practice. Thus, it is feasible to adopt the optimal combination in the
design of machine tool.

CONCLUSIONS

The paper uses Box—Behnken model of the response surface method utilizing Design-Expert software
to test the performance of the developed picking device. The weighted mark method is adopted to determine
the comprehensive index of damage rate and picking rate. The multiple quadratic polynomial model is
established. The paper also uses the response surface of the model to discuss the key factors and its
interaction affecting picking performance. The research results show that the influence of each factor on
picking effect is respectively as the roller speed, the overlap distance of outlet end, the roller diameter, the
picking roller length and clamping conveying speed. With the increase of roller speed and roller diameter, the
comprehensive index shows a downward trend. The larger is the roller speed and the overlap distance of
outlet end, the smaller is the comprehensive index. The influence of other interactions on the comprehensive
index is little. It can be seen from the optimization regression model that there is a significant interaction
effect between the roller speed and roller diameter. By optimizing the combination parameters of the picking
factors, the optimal combination obtained is that the picking roller length is 875 mm, the roller diameter is 158
mm, the overlap distance of outlet end is 5.6 mm, the roller speed is 302 rpm and the clamping conveying
speed is 1.1m/s. The experimental results show that the theoretical optimization value is consistent with the
verification value basically and it is feasible to design the test scheme and optimize its structure and
operation parameters using the response surface method. It has a guiding role for the development of
peanut harvesting machinery.
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ABSTRACT

The results of numerical simulation and experimental research on the seed transfer process under the
influence of the working part of the photoelectronic separator seed supply unit are presented. There has
been developed physics and mathematical model, which links the productivity of the seed supply unit of the
photoelectronic separator, its power consumption and the average time interval between falling seeds from
the seeds supply, the frequency of vibroplate oscillations and the rotational speed of the barrel. During
research, there has been solved a compromise problem of maximization of the average time interval
between falling seeds and the minimization of the power consumed by the seed supply unit, with the
maximum value of its productivity, which is comparable to the value of the seed supply.

PE3IOME

lpedcmasrieHi pe3ynbmamu 4YucerbHO20 MOOes8aHHs | ekcriepumeHmarnsHUX AocnioxeHb npoyecy
rnepemiuieHHs1 HaciHHs nid dieto pobo4yoz2o opaaHy brioka nodayi HaciHHS homMoeIeKmMPOHHO20 cenapamopa.
HaesedeHo po3pobneHy isuko-mamemamuyHy MoOersb, sika 38’s3ana npodyKkmueHicmbs 610Ky rnodadi
HaciHHs1 homoenneKmpoHHO20 cernapamopa, Uo20 CrioxXueaemMy rnomyXHicms i cepedHili iHmepears 4acy Mix
nadar4yum HaciHHSIM 8i0 rnodayi HaciHHS, Yacmomu KosueaHb 8ibposiomka i yacmomu obepmaHHs
bapabaHa. B npoueci docnidxeHb byna supiweHa KoMrpomicHa 3adaya, a came Makcumizauyisi cepedHb020
iHmepeasny yacy MiX rnadaro4umMm HaciHHSAM | MiHIMi3auis nomyxHocmi, Wo crioxueaemscsi briokom rnodayi
HacCiHHS, MpuU MakcuMasbHOMY 3Ha4YeHHi U020 npodyKMUBHOCMI, siKa rOPIGHSHA i3 3Ha4YeHHsIM rnodadyi
HacCiHHS.

INTRODUCTION

The unsatisfactory quality of the seeds leads to a significant decline in agricultural productivity and a
high over expense of seed material (Aliev E. B., 2016). According to the current standards, oilseed crops
varietal and crop yields are determined mainly by their varietal purity, which should be for the elite seed
(elite, superelite) — 99.6 - 99.9% depending on the crop.

One of the ways to increase the efficiency of the seed material separation in the seed treatment plant
is to fractionate it (Shaforostov V.D., Priropov |.E. 2015) by using a photoelectronic separator (Priropov I.E.,
2015) at the final stage of its treatment. Despite the increasing usage of photoelectronic separators in the
control and sorting of seed material, their application continues to be rather narrow. In the theses (Clien S.,
Chiang Y.P., Pomeranz Y., 1994; Thomson W.H., Pomerang Y., 1991; Shazzo A. Y., Usatikov S.V., 2012;
Tischenko A. 1., 2000) the great prospects of photoelectronic separation in grain-processing industries are
described. It is possible to predict the distribution of photoelectronic separation by colour in seed and
breeding with a high degree of probability.

However, even in the framework of finished agricultural products processing, the potential of
photoelectronic separators is still not fully used up. This is primarily due to the lack of available technical
tools and mathematical models and algorithms that are suitable for their operation.

Therefore, in order to solve the problem of oil material separation from oilseed crops, development of
a photoelectronic separator design, theoretical and experimental research of its operational process and the
substantiation of its rational structural and technological parameters are envisaged.
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MATERIALS AND METHODS

The developed photoelectronic separator consists of three blocks: a seed supply unit, a seed
recognition unit and a seed flow separation unit. The seed feeder of the photoelectronic separator (Fig. 1)
consists of a bunker 1, a barrel 2 with radially positioned blades 3 and a vibroplate 4 with longitudinal
channels 5. The seeds enter the bunker 1 under gravity. Next, the barrel 2 with radially positioned blades 3,
executing rotational motion captures the seeds from the bunker 2 and transfers to the vibroplate 4. The
vibroroll 5, while being located angled to the horizon line, performs a periodic transverse movement from one
side to another, forcing the seeds to move along longitudinal channels 5. After this the seeds leave the
vibroroll 5 and fall into the next block of the photoelectronic separator.

Fig. 1 - Structural and technological scheme of the photoelectronic separator seed supply unit
1 — bunker; 2 — barrel; 3 — blades; 4 — vibroplate; 5 — longitudinal channels

The study of the seed supply unit operational process has been conducted in two stages.

The first step for determining the rational regime parameters of the working part of the photoelectronic
separator seed supply unit is the realization of corresponding physical models in the software package
STAR-CCM +. The following physical models were selected for numerical simulation: k-¢ model of the
separated flow turbulence, gravity field, Van der Waals real gas model, model of discrete elements, and
model of multiphase interaction. The method of discrete elements is based on the laws of the impulse
conservation and impulse momentum for LaGrange models of multiphase environment (Shevchenko I.A.,
Aliyev E. B., Doruda S.0O., 2013; Boyko V.B., Aliyev E. B., 2015; Aliyev EB, Labatyuk Y.M., 2017). However,
for the construction of a physics and mathematical model, it must be assumed that the seeds are presented
in the form of identical ellipsoids with a defined density and effective diameter. The following physical and
mechanical properties of seeds have been determined: Poisson's ratio — 0.5 Young's modulus — 0.2 MPa,;
density — 800 kg/ms; effective diameter — 0.008 m; coefficient of friction in quiescence — 0.8; normal recovery
factor — 0.5; tangential recovery factor — 0.5; coefficient of rolling resistance — 0.3. Properties of the
environment have been determined as follows: environment - air; dynamic viscosity — 1.85508 - 10™ Pa:s;
the Prandtl turbulent numeric is 0.9; free fall acceleration — 9.8 m/s®; temperature — 293 K; pressure —
101325 Pa. The size of the grid cell modeling has been set as 0.001 m. To simplify the mathematical and
time operations, the following structural and technological parameters of the seed supply unit have been
determined: the fluctuation amplitude of the vibroplate A = 0.008 m (corresponding to the size of the
vibroplate channel); external barrel radius r, = 0.07 m; number of blades N = 38; the length of the blade is | =
0.01 m. It should be noted that the vibroroll consists of 10 identical longitudinal channels, which are used to
transfer seeds. Exposure duration was 100 s.
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The second stage has been the conduct of experimental research on the plant, consisting of an
experimental sample of the seed supply unit, a laboratory power supply unit with the voltage change option
and control equipment (photo-converters connected to an analog-to-digital converter). The design and
technological scheme and the general view of the experimental sample of the photoelectronic separator
seed supply unit are shown in Fig. 2. The calibrated valve has been used to limit the input performance and
to provide a certain level of seeds supply. The frequency and amplitude of the vibroplate vibration has been
provided by changing the voltage of the laboratory power unit connected to the wind turbine. The schematic
diagram of photoconductors connected to an analog-to-digital converter is shown in Fig. 3. It should be noted
that the vibroplate consists of 20 identical longitudinal channels, on which the seeds movement occurs. The
control and measuring apparatus works as follows. Falling seed from the longitudinal channel enters
between the emitter and the photodetector receiver. As a result, a signal goes to an analog-to-digital
converter, which converts the signal to a digital one and displays in a personal computer. There is a
measurement of time between falling seeds. In the experimental research course of the experimental sample
of the photoelectronic separator seed supply unit, the flax seeds of the Vodogray oilseed grade have been
calibrated to a size of 2.5 mm. One experiment has been conducted by passing through a pilot sample of a
feed unit of 10 kg of seed.

Fig. 2 - Structural-technological scheme (a) and general view (b) of the pilot sample
of the photoelectronic separator seed supply unit
1 — bunker; 2 — barrel; 3 — blades; 4 — vibroplate; 5 — longitudinal channels; 6 — photoconductors;
7 — analog-to-digital converter; 8 — personal computer

The variation intervals and levels of factors in theoretical and experimental studies are given in Table
The following optimization criteria have been determined:

- seeds delivery part productivity — q, kg/hr;

- power consumption — P, kW,

- the average time interval between falling seeds is t, s.

The productivity of the seed supply unit g has been determined by measuring the mass of the seed M
passing through it and the corresponding time 1. The calculation has been made by the formula:

q=—". 1)
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Fig. 3 - Principal electrical circuit of photoconductors
ADC - analog-to-digital converter; PC — personal computer

Table 1
Variation levels and intervals of factors when conducting researches on the operation process of the
photoelectronic separator seed supply unit

Factors
Factors variation level Seed supply Vibroplate oscillations Barrel rotation frequency
Q, kg/hr frequency y, s*t n, rpm
Upper level (+) 15 10 15
Basic level (0) 9 7.5 10
Lower level (-) 3 5 5
Factors variation interval 6 2.5 5

In experimental studies, the power consumed by the seed supply unit has been measured using
an authorized electric meter and calculated using the formula:
P-22, @
T
where: AE — meter results, W-hr;
T — time of experiment conduction, hr.
The average time interval between falling seeds has been determined in experimental studies using
photoconductors connected through an analog-to-digital converter to a personal computer and calculated by
the formula:

1 N
t=g 2t @3)

i=1
where: N — seeds count;
t; — the time interval between two falling seeds, s, c.

The first stage, namely numerical simulation, has been conducted on a complete factorial study with a
total number of experiments — 3*=27.

The second stage was conducted in a D-optimal second-order Box-Benkin plan for three factors (15
experiments) in a three-time repetition.

The research results processing have been carried out by the method of mathematical factor planning
of experiments, using the computer program Mathematica.

The mathematical model is determined by one optimization criterion.
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RESULTS

According to the first stage, as a result of numerical simulation, a visualization of the technological
process of moving seeds under the influence of the working part of the photoelectronic separator seed
supply unit has been obtained (Fig. 4).

Q =15 kg/hr
n=15rpm -Ne 10

Ne 9

i
Ne 8 ‘
|

: I T IO LU L

Expositiontimet=100 s 2021222324252627282930313233343536373839 t,s

Fig. 4 - Distribution of seedling time intervals from the vibroplate
of the photoelectronic separator seed supply unit

The approximation of the obtained data has been made using the software package Mathematica. It
resulted into the equation of dependence of the seed supply block efficiency of the photoelectronic separator
g from the above-mentioned factors in the encoded form:

g =4.46961 + 1.50378 x; — 1.37183 X2 + 1.94412 x, +
+ 1.06579 X, X, + 0.634078 x,° + 0.150011 X3 — 0.160614 X, X5 + 4)
+0.171217 X, X3 — 0.147393 x5

The calculated coefficients of the correlation coefficient (R = 0.96) and Student's criterion tgos (27) =
2.05 are significant at the confidence level of more than 95 %, with coefficients for the following terms of the
equation: Xy, Xz, X1X, Xi%, Xo°.

In a decoded form, the model (4) after the contraction has the form:

g =3.79771 + 0.403651 Q — 0.0381064 Q2 —1.38361 y +
+0.0710524 Q w + 0.101452 y* (5)

Analyzing equation (5), we can conclude that with the increase of the vibroplate oscillations frequency
y, the productivity of the seed supply unit of the photoelectronic separator q increases. In turn, the rotational
speed of the barrel practically does not affect the specified criterion. And for the supply of seeds Q there is
an optimal value of Q = 14.4 kg/hr, in which the maximum value of the seed supply block of the
photoelectronic separator is observed.

Also, the equation for the time interval between the incident seed t and the factors of research is
established:

t = 0.058287 — 0.0167361 x, + 0.0253472 x,* — 0.0436111 X, +
+ 0.00802083 x; X, + 0.0138889 X, + 0.00375 X3 + 0.00239583 X; X5 — (6)
—0.00364583 x, X5 — 0.00194444 x,°

According to the calculated values of the correlation coefficients (R = 0.95) and Student's criterion
to.05(27) = 2.05, the coefficients at the level of confidence probability greater than 95% are coefficients for the
following terms of the equation: X1, Xz, X3, X1Xz, X1°, Xo°.

In a sketched form, the model (6) after the contraction has the form:

t = 0.42485 + 0.00075 n — 0.0194734 Q + 0.00070409 Q*—
—0.0555903 w + 0.000534722 Q w + 0.00222222 y. @)
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From equation (7) it is evident that at low values of the oscillation frequencies of the vibroplate y, the
rotational speed of the barrel n and the optimum seed supply Q = 10.31 kg/hr, there is a minimum of the
average time interval between the falling seeds t.

The analysis of the presented dependencies proves the necessity of solving a compromise problem,
which is as follows: to ensure the efficient operation of the photoelectronic separator's seed supply unit, it is
necessary to provide its productivity q at maximal and equal to the seed supply Q level, with the average
time interval between falling seed t being maximum:

a(Q.y.,n)=Q,
t(Q, y,n) > max, (8)
Q — max.

or
qQy,n)=Q,
Qxt(Q,y,n) > max.
Using the software package Mathematica the system of equations (9) solution is
Q=q=4,7 kg/hr,
y=10s7,
n=12 rpm,
t=0,047 s.
The second stage, namely, the experimental research of the operation process of the photoelectronic
separator seed supply unit has been carried out using the method of multifactorial experiment mathematical
planning, which allows determining mathematical models of processes in the form of regression equations.

The obtained mathematical model of the investigated factors influence on the average time interval between
the falling seeds has the following form:

t = 0.07462 — 0.0171528 x, + 0.0253056 x,° — 0.0436112 X, +
+0.0084375 X, X, + 0.0121805 x,° + 0.00350001 x; + (10)
+0.00197917 X, X3 — 0.00239584 X, X3 — 0.00115278 X5*

9)

(10)

For this equation, the 95% dispersion probability level is homogeneous, the value of the Cochran
criterion G = 0.1354 <Gg o5 (2, 15) = 0.3346.

Dispersion of the adequacy of the mathematical model S.i° = 3.76-10°; dispersion of experimental
error S,? = 1.77-10°°; Fisher's criterion F = 2.12 <Fq s (5, 30) = 2.53; the model is adequate at any level of
confidence probability.

According to calculated values of correlation coefficients and Student's criterion tyes (30) = 2.04
significant at the level of confidence probability greater than 95% are all coefficients. In a sketched form, the
model (10) has the form:

t = 0.415665 — 0.0000461111 n? + 0.000702933 Q + 0.00246598 n +
+0.0000659722 Q n — 0.000191667 y n — 0.0203901 Q + (12)
+0.0005625 y O — 0.0498236 y + 0.00194889 /.

By analyzing equation (12), it can be stated that all of the above factors are influenced by the average
time interval between falling seeds. At the same time, with the increment of the vibroplate fluctuations
frequency and the barrel frequency of rotation, the average time interval increases as well. Also, with an
increased supply of seeds, the average time interval decreases.

The obtained mathematical model of the investigated factors influence on the productivity of the seed
supply unit has the following form:

g = 7.58444 + 2.95042 x, — 2.87556 X2 + 3.8375 x, + 2.49917 X, X, +
+ 1.55361 x,° + 0.157083 X3 — 0.27 X; X3 + 0.309167 X, X3 — 0.425556 X3 (13)

For this equation, the 95% dispersion probability level is homogeneous, the value of the Cochran
criterion G = 0.1296 <Gg o5 (2, 15) = 0.3346.

Dispersion of the adequacy of the mathematical model S.g” = 0.2326; variance of experimental error
Sy2 = 0.1170; Fisher's value F = 1.98 <F, 5 (6, 30) = 2.42; the model is adequate at any level of confidence
probability.
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According to the calculated values of the correlation coefficients and Student's criterion tq o5 (30) = 2.04
significant coefficients at the confidence level greater than 95% are all coefficients. In a sketched form, the
model (13) has the form:

g =9.74785-0.0170222 n?—0.0798765 Q% + 0.235944 n —
—-0.0090n+ 0.0247333 wn + 0.769931 Q + 0.166611 wQ — (14
—3.9405 y + 0.248578 w?

Analyzing equation (14), it can be argued that the productivity of the seed supply block is influenced
by all the above-mentioned factors. At the same time, with the increase in the frequency of the vibroplate
oscillation and the supply of seeds, the productivity of the supply block increases. For the barrel rotation
frequency n = 10.3 rpm, the optimum is observed.

The obtained mathematical model of the investigated factors influence on the power consumed by the
seed supply unit has the following form:

P =222.667 + 48.625 X + 0.625 X;* + 17.5 X, — 4.0 Xy X, —
—2.29167 x,° + 40.2083 x5 + 0.0833333 X; X3 — (15)
— 7.66667 X, X3 + 6.79167 X5°

For this equation, the 95% confidence level of the dispersion is homogeneous, the value of the
Cochran criterion G = 0.1977 < Gg05(2, 15) = 0.3346.

Dispersion of the adequacy of the mathematical model S,4* = 169.24; variance of experiment error Sy2
= 80.33; Fisher's criterion F = 2.11 <Fy05 (9,30) = 2.21; the model is adequate at any level of confidence
probability.

According to the calculated values of the correlation coefficients and Student's criterion tp s (30) =
2.04, the coefficients at the confidence level greater than 95% are the coefficients for the following variables:
X1, Xo, X3, X2X3, x32. In a sketched form, the model (15) has the form:

P =—2.02083 + 0.271667 n* + 8.10417 Q + 7.20833 n —
—0.613333 wn + 13.1333 y. (16)
The graphical interpretation of the obtained dependence (16) is presented in Fig. 5.
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Fig. 5 - The dependence of the power P, consumed by the seed supply unit, on the seed supply Q, the vibroplate
frequency oscillation g and the barrel rotational speed n

Analyzing equation (16), it can be stated that the power consumed by the seed supply unit is
influenced by all the above-mentioned factors. At the same time with their increase, also increases power.

The task of solving a compromise problem was to maximize the average time interval between falling
seeds and minimize the power consumed by the seed supply unit, with the maximum value of its productivity,
which is comparable to the value of the seed supply, that is:

t(Q, v, n) - max,
P(Q,y,n) — min (17)
a(Q,v,n) =Q — max.

Convert the system of equations (17) to the form:
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9Qw.MxtQ.y.n) max,
P(Q w,n) (18)
q(Q.v,n)=Q.
The solution of the problem (18) using Mathematica software package has resulted in the optimal
parameters and operating modes of the photoelectronic separator seed supply unit:

Q =g =15 kg/hr,

y=99s",

n=6,6 rpm, (19)
t =0,058s,

P =269 W.

The comparison of theoretical and experimental data for the productivity functions of the seed supply
unit (5) and (14) in the studied range of variation is presented in Fig. 6. Due to the fact that in theoretical
research the seed supply block has 10 channels, and in the experimental - 20, the productivity will differ by 2
times, obviously. Statistical analysis has shown that the correlation coefficient between theoretical and
experimental data with variation of the factors values is 0.92.

15°5
Fig. 6 - Comparison of the experimental (1) and theoretical (2) dependencies of the seed supply unit q

The comparison of theoretical and experimental data for functions of the average time interval
between falling seeds (7) and (12) in the studied range of variation is presented in Fig. 7. Statistical analysis
showed that the correlation coefficient between the theoretical and experimental data with variation of the
factors values is 0.94.

n, rpm

Q, kg/hr

Fig. 7 - Comparison of the experimental (1) and theoretical (2) dependencies
of the average time interval between falling seeds t
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Due to the fact that in experimental studies the optimal parameters have been determined on the basis
of a more extended compromise problem (the function of power dependence was introduced), the actual
rational structural and technological parameters of the seed supply unit are taken into account (19).

CONCLUSIONS

As a result of numerical simulation of the seed transfer process under the influence of the working part
of the photoelectronic separator seed supply unit, a physics and mathematical model that links the
productivity of the photoelectronic separator seed supply unit g and the average time interval between the
falling seeds t from the seed supply Q, the vibroplate oscillation frequency w and barrel rotation frequency n
has been developed. As a result of solving a compromise problem, which is to ensure the efficient operation
of the photoelectronic separator seed supply unit, it is necessary for its q efficiency to be maximal and equal
to the seed supply Q value, with the average time interval between falling seeds t being the maximum, the
rational parameters of the supply unit seeds: Q = q = 4.7 kg/hr, y = 10 s’ n=12 rom, t =0.047 s.

As a result of experimental studies of the photoelectronic separator seed supply unit, the physics and
mathematical model, that links the productivity of the photoelectronic separator seed supply unit q, its power
consumption P, and the average time interval between falling seeds t from the seed Q supply, the vibroplate
oscillation frequency y and barrel rotation frequency n, has been developed. During research, the following
compromise problem has been solved: the maximization of the average time interval between falling seeds t
and the minimization of the power P consumed by the seed supply unit at the maximum value of its
productivity g, which is comparable to the value of the seed Q. Due to the optimal parameters being
determined on the basis of a more extended compromise problem (the function of power dependence has
been introduced) in experimental research, the actual rational structural and technological parameters of the
seed supply unit are: Q = q = 15 kg/hr, y = 9.9 s, n=6.6 rpom, t=0.058 s.
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ABSTRACT

On a turning strip of minimum width, a two-machine sowing aggregate can perform loop turns with a
mode indicator close to the optimal, and loopless ones - with an indicator almost twice as large.
Implementation of both types of turning of the aggregate, studied under optimum conditions, takes place on
the turning strip the working width of which is greater than the calculated minimum and the multiple working
width of the aggregate. The most efficient solution for the problem of making a turn of such an aggregate is
the use of a coupling device that could automatically change the velocity of its movement on the turning strip,
depending on the angular velocity of the tractor driven wheels turning.

AHOTALIA

Ha nosopommHiti cmy3i MiHiManbHOI wupuHu O8yxmaliUuHHI MOcieHi agpezam MoxXymb 30ilicH8amu
riemriegi MO8OPOMU 3 rOKas3sHUKOM pexumy, brusbkum 00 onmumarbHo20, a besnemresi — 3 MOKasHUKOM
matixe ydeidi binbwe. Peanizauis obox sudie rnosopomie azpeaamy, sikuli 00c/liOXKeHOo, 8 ornmumasibHOMy
peXumi Mae micue Ha rnosopomHil cMya3i, diticHa WupUHa SKOI binbuie MiHiManbHO PO3Paxo8aHoo | KpamHa
wupuHi 3axeamy aepezamy. Haulibinbw eghekmusHUM pilueHHsIM npobriemu 30ilicCHEHHSI nogopomy 0aHo20
agpezamy 3 oiMUMalibHUM 3HaYEeHHSIM MOKa3HUKa PEeXuUMy € 3acmocy8aHHS 34irHO20 rpucmporo, skul bu
asmomamuyHO 3MiH08ae8 WeUOKicmb (1020 PyXy Ha ro8opPOMHIl CMy3i 3a/exHO 8i0 Kymoeoi weudkocmi
r1o8opomy KeposaHuUXx KOJlic agpeaamyryogo mpakmopa.

INTRODUCTION

The efficiency of the sowing operations is very important both from the economic point of view and in
order to meet the optimal agrotechnical terms (Aseeva et al., 2013; Barwicki, 2012; Meca & Cardei, 2012).

One of the directions to increase the efficiency of the machine-and-tractor aggregates is to increase
their working width. There are two real ways of implementing this direction: the use of wide-span machines of
monoblock (Nadykto, 2009; Kyurchev, 2013, Mitkov, 2010) constructions and the use of couplings.

The first way has both disadvantages and advantages. The monoblock wide-span machine can be
aggregated only with one power source of the corresponding traction class. The process of aggregation and
adjustment to the working position of a monoblock machine takes less time. At the same time, the
transportation complexity of the machine leads to a significant complication of its design and increased price
(Moiseenko, 2013; Rubec, 2012, Bulgakov et al., 2017).

The use of couplings makes it possible to use narrow-span machines more efficiently: in the coupling
they are aggregated with one tractor, and each separately with the other. To a large extent, this applies to
the machine-and-tractor sowing aggregates based on multipurpose cultivating tractors of traction class 1.4.

The conventional use of a coupling in the trailed version is characterised by increased length of the set-
off of the sowing aggregate. As a result, this leads to a significant (not less than 38%) increase in the specific
time spent on the turns (Karabanicky, 2009; Nadykto, 2005; Smolinsky, 2016).

The most promising option for increasing the operating width of the aggregate is the use of a semi-
mounted coupling. Besides, its design should exclude collision of the trailed machines on the turning strip,
and the indicator of the turning mode of the machine-and-tractor aggregate should ensure increased
technical and economic indicators of its operation. It is the practical solution of exactly this task that
determines the topicality of this work.
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A significant contribution to the theory and practice of this issue has been made by many scientists
(lofinov, 1986; Bulgakov et al., 2017; Makarenko, 2011). At the same time, the theoretical dependencies
developed by them and the obtained practical results cannot be used to justify the design and technological
parameters of the machine-and-tractor sowing aggregate developed by us as part of a multipurpose tractor,
traction class 1.4 (MTZ-80), two SZ-3 seeders SZ-3.6, and a semi-mounted coupling (Nadykto, 2009;
Masalabov, 2012) (such a design was not tackled in the researches, in general).

The known indicators of the aggregate turning mode do not reflect adequately enough the link of its
design parameters with its movement mode on the turning strip. As a result, this does not provide an
opportunity to achieve essential increase in the technical and economic performance of the sowing
aggregate. In this paper, an attempt is made to search for a new scientifically grounded indicator of the
turning mode of an aggregate with a semi-mounted coupling, aimed at eliminating these shortcomings.

The aim of the work is to study and determine the optimum turning mode of a two-machine sowing
aggregate with a semi-mounted coupling.

MATERIALS AND METHODS

As a research object, a machine-and-tractor sowing aggregate was selected, assembled from a tractor
of traction class 1.4 (MTZ-80), a semi-mounted two-machine coupling SS-7.2, developed according to our
design, and two trailed grain seeders SZ-3.6 (Fig. 1).

= T

Fig. 1 — An experimental two-machine sowing aggregate with a semi-mounted coupling

When carrying out experimental studies on the turning strip, the actual value of the turning radius (R,)
of the two-machine sowing aggregate was fixed in duplicate repetition, depending on the turning angle of its
driven wheels. For this purpose the diameters of the conditional circles, left on the field by the rear wheels of
the tractor, were determined (Fig. 2) and R, was calculated according to the equation:

Ra = M, (1)
4
where D1 and D, — the diameters of conditional circles, left on the field by the rear left and right wheels of the tractor.

Tracks of the rear
wheels of the tractor

Fig. 2 — A scheme for determination of the turning radius of the sowing aggregate

The actual velocity of the movement of the tractor (V,) on the turning strip was found as follows. A circle with a
diameter of 20 m and, respectively, a length of 62.8 m was drawn on the field. The tractor was moving on a given gear
and with full fuel delivery. The driver operated the tractor so that the landmark placed in front moved along the path of the
circumscribed circle (Fig.3).
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Fig. 3— A scheme of the section for determination of the real velocity of the aggregating wheeled tractor

The value of V, was determined from this expression:

_ 62.8

= T ,

where ty — the time (duration) of the tractor movement along the given circle, s.

Vv

r

2

The kinematic parameters of the two-machine sowing aggregate were determined according to the
scheme in Fig. 4. Here E and di are the length of the set-off and the kinematic width of the machine-and-
tractor aggregate.

E 3
: ; control line

, [ ,,,,,,,,, ] _oOftheturntable
‘ dy \

Fig. 4 — Scheme for determining the kinematic parameters
of a machine-and-tractor sowing aggregate

A set-off length of the machine-and-tractor aggregate (E) was defined as the rectilinear path on the
turning strip passing through the kinematic centre of the aggregate (point A, Fig. 4) until the last row of the
working implements of its sowing machines come onto the control line. For the machine-and-tractor
aggregate under study the kinematic length is E =5.95m. The essence of the kinematic width of the
aggregate is clear from Fig. 4. For asymmetric aggregates it is, of course, different. In this case, with
sufficient accuracy for practice, we can assume that this parameter is equal to the working width of the
seeder dy, = 3.6 m.

During the experimental field research of the two-machine sowing aggregate on the basis of the MTZ-
80 tractor, a specially developed hardware-measuring complex using an analogue-to-digital converter and a
PC was used (Fig. 5), on which were synchronously recorded the following:

— the turning angles (ai, a,) of the tractor left and the right driven wheels;
— revolutions (ny, n,) of the tractor rear wheels.
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Fig. 5 — Arrangement of the recording complex in the tractor cab

To record the turning angles of the driven wheels of the tractor, we used rheochord linear sensors
SP-3A with the nominal value of 470 Ohm. The stator of this sensor was fixed relative to the frontal semi-axis
of the tractor, and the rotary rotor was connected to the axis of the centre pivot of the driven wheel. During
the movement of the machine-and-tractor aggregate the driven wheel, under the impact of the control action
on the part of the driver, turned in a vertical plane. Together with the centre pivot of the propulsor, the rotor of
the SP-3A sensor turned at the same angle. By means of the analogue-to-digital converter the electrical
signal from the sensor was recorded on the screen and in the PC memory in the form of a corresponding
data file. To register the rotation frequencies of the rear wheels of the MTZ-80 tractor, specially designed
current collectors were used, which were mounted on the hubs of these propulsors. During the movement of
the machine-and-tractor sowing aggregate the signal from each current collector was displayed via the
analogue-to-digital converter on the screen and also mapped in the PC memory in the form of a respective
data file.

RESULTS
It is known that the movement of the machine-and-tractor aggregate with an optimum turning radius is
possible when the indicator of the mode of this manoeuvre (K;) appropriately correlates together the design
and kinematic parameters of the machine-and-tractor aggregate (Masalabov, 2012):
2
I | |
2¢& t 4 sh ¢
Vv " tan(g,) sin(g,) 2

Ki=—t= : 3
t L (3)

S

where @, =90 —arccos M — the turning angle of the seeder;
1

V, — velocity of the aggregate movement on the turning strip, m-s™;

w — average angular velocity of the tractor driven wheels turning, rad-s™;

l, — distance from the axis of the tractor rear wheels to the coupling frame, m;

Ish — length of the seeder tow bar, m;

Ic — front of the coupling, m;

rwh — radius of the seeder wheel, m;

R, — distance from the right wheel of the seeder to the point of its attachment to the coupling
extender, m;

&max— the maximum turning angle of the aggregate at the moment when it completes "entering into
the turn”, rad;

L — the base of the tractor, m.

142



Vol. 54, No. 1 /2018 INMATEH — icultural

While carrying out experimental studies, the design parameters included in expressions (3) were the
following: ;=1.04 m; lgp =2.15m; I, =3.6 m; L=2.37m; r,; =0.59m; R; =2.52m; &nax = m2t - for loop
tUNS; max = 4™ — for loopless turns of the sowing aggregate.

Substituting these values into (3), we find out that the actual value of the indicator of this machine-and-
tractor aggregate turning mode is:

— when performing a loop turn — 11.9 m-rad™;
— when performing a loopless turn — 5.9 m-rad™.

At the same time, as it was established in the course of mathematical simulation (Masalabov, 2011,
Masalabov, 2012), when the frame of the coupling was removed from the rear wheel axis of the tractor to a
distance |, = 1.95 m, the true value of the indicator of the machine-and-tractor aggregate turning mode is
equal to the optimal value of 11.4 m-rad™.

The movement of the experimental two-machine sowing aggregate was carried out on a turning strip
the width of which (E,), for each of the two types of turning (loopless and loop) considered, was found from
the expression:

. Em
E =B, mtegr( Rl j (4)
BW
where E; min — the minimum width of the turning strip, m;
B,, — the working width of the aggregate, m.
The minimum width of the turning strip (E;min) was determined by procedure (Bulgakov et al., 2017):
— for the loopless turn

E... =R +E +d,, (5)

tmin
— for the loop turn:

E...=2.7R.+E +d,, (6)

tmin
where R, — the conditional turning radius.

According to definition (lofinov, 1986), R, is the radius at which the machine-and-tractor aggregate
would perform a manoeuvre exclusively along a circle, that is, without transitional sections of the aggregate
entering into a turn and leaving it.

By the definition (lofinov, 1986) the conditional turning radius of the aggregate R, can be defined as
follows:
+ & (7)
r amin !

”Ra min

where R, min — the minimum turning radius of the machine-and-tractor aggregate.

However, since:

K. L
Rumin = : ' (8)
28max
then
R, = / KL + KL )
2Smax \/ KtL
2Smax

Taking into account the concrete value of g, We have:

— for the loopless turn
2K L K.L
R = f—t I (10)
T ’ZKtL
V4

— for the loop turn:
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R - EtL+ EAtL _ (11)
V4 E.L
pa

After carrying out the appropriate calculations it was established that for a loopless mode of rotation
Eimin = 16.15 m, and for loop mode E; i, = 27.37 m.

Considering expression (4) and the fact that B, =7.2m, we finally have for the loopless turn
E; = 21.60 m, and for the loop turn E; = 28.80 m.

It is on the strips of this width that the experimental machine-and-tractor aggregate must make turns in
the process of real operation.

However, under the conditions of experimental studies the manoeuvring of the aggregate was first
carried out on strips, where the width of each strip was equal to E,;,. Only under such a condition can be
tracked the impact upon the turning process of its mode indicator, especially when making a loopless turn.

To make sure of this, we will consider the calculated and the real values of the width of each turning
strip. For the loopless turning the difference between E, =28.80 m and E,, = 27.37 m is only 1.43 m. At the
same time, for the loopless turn we have (E; — Enin) = 5.45 m. Besides, it can be assumed that the dynamics
of the turning process of the experimental machine-and-tractor aggregate on a 16.15 m wide strip can differ
significantly from the nature of this process on a strip wider by 5.45 m. As it turned out, during the
experimental studies, implementation of a loop (pear-shaped) turning by the experimental aggregate
occurred at an average velocity V, =1.88 m-s™. The average value of the angular velocity (w) of turning of
the tractor driven wheels was w = 0.155 rad's™.

As a result, the two-machine sowing aggregate made a turn with the real value of the indicator of the
turning mode 1.88/0.155=12.1 rad-s™. This is only 1.7% more than the calculated value K;, which is
11.9 m-rad™ for the given type of turning performed by the experimental machine-and-tractor aggregate.
Even with respect to the optimal (11.4 m-rad'l), the true value of the turning mode indicator is higher only by
6.1%.

When a loopless turn is performed, the situation looks different. In this case, the phases of aggregate
entrance into the turn and exit from it are shorter than in the loop manoeuvre. Because of this and also
because of the smaller width of the turning strip, the machine operator must exert more intense impact upon
the tractor steering wheel at the same velocity of the aggregate movement, which ultimately leads to a lower
indicator value of the aggregate turning mode — K;. Thus, when the velocity of the machine-and-tractor
aggregate movement during the turn is V,=1.90 m-s™, the value of the angular velocity of turning the
steering wheel at the aggregate entrance into the turn and exit from it was
0.30 rad-s™. Only such a mode of changing the control impact allowed fitting into the turning strip with a width
of 16.15 m. This was the reason for the implementation of a manoeuvre with an indicator of the mode
K. = 6.3 mrad™. In contrast to the calculated value (5.9 m-rad™), it is higher by 6.8%. At the same time, with
respect to the optimum, the true value of K; is only 55.3%, which is almost twice less.

It should be said that the true value of the angular velocity of turning the tractor driven wheels
(0.30 rad-s"l) was by 36% higher than the recommended one (0.22 rad-s'l). However, otherwise, that is,
when the value of w is decreased, it was not possible to fit into the width of the 16.15 m turning strip. Hence
it follows that, in order to reduce value w of the angular velocity of turning the tractor driven wheels to such a
level as to ensure execution of a loopless turn with an optimum value of the indicator of the K; regime, in
practice it is not possible.

You cannot practically achieve this even in case you remove the frame of the coupling from the axis of
the tractor rear wheels, that is, you increase the value of parameter l.. The point is that, according to the
results of mathematical simulation (Masalabov, 2012), the increase in the value of this parameter allows
reducing the turning radius of the machine-and-tractor aggregate, but only as long as the conditions for
manoeuvring the machine-and-tractor aggregate are not violated. In our case, this is topical for the left-side
turning of the machine-and-tractor aggregate in which angle ¢s;, and hence the turning radius R, of the
aggregate, can be reduced until there arises a risk that the left wheel of the left seeder comes into contact
with the frame of the coupling. In other words, as long as it is possible to increase the turning angle @3 of the
left seeder until increase in parameter |; (within certain limits, respectively) helps reducing the turning radius
R, of the machine-and-tractor aggregate.

When the maximum possible values of angles a (the turning angle of the tractor driven wheels, rad)
and @3 are reached, we obtain the minimum value of the aggregate turning radius. After that, further removal
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of the seeder frame from the tractor (increase |) causes increase in indicator K; of the turning mode, as it
follows from expression (3). Consequently, execution of the loopless turns by the experimental machine-and-
tractor aggregate is possible with a mode index almost twice as high as the optimal value. However, this is
only in case the width of the turning strip is really at least of the minimum necessary value. Under real
operating conditions it turned out that, in case the actual width of the turning strip, calculated above, is
21.60 m, the experimental machine-and-tractor aggregate can perform even a loopless turn with a mode
index close to the optimal one. Thus, during a manoeuvre of the machine-and-tractor aggregate on the strip
of the mentioned length at a velocity of 1.92 m-'s™, the angular turning velocity of the driven wheels of the
tractor was 0.185 rad-s™. In this case, the actual value of indicator K; is 10.4 m-rad™, which is only by 8.7%
lower than the optimal value (11.4 m-rad'l). The machine-and-tractor aggregate, performing a manoeuvre,
that is, executing a loopless turn, completely fitted into the width of the turning strip, the value of which was
21.60 m.

From the above analysis it follows that there is no practical need to increase the distance between the
semi-mounted coupling frame and the axis of the tractor rear wheels (parameter ). First, such a solution
complicates to a certain extent the design of the machine-and-tractor aggregate. Second, on the one hand,
an increase in the value of I, brings a decrease in the turning radius of the machine-and-tractor aggregate,
and, on the other hand, it leads to an increase in the length of its exit on the turning strip. As a result, the
time for the manoeuvre may remain almost the same.

On the basis of the research results it can be concluded that, in order to make a two-machine sowing
aggregate execute a turn in the optimal mode, it is necessary that the ratio of the velocity of its movement on
the turning strip to the angular velocity of tractor driven wheels turning varied within a range of
11...12 m-rad™. Such a task can be practically solved by equipping the aggregate with a special automatic
device.

CONCLUSIONS

1. As a result of the research, it was established that, in case the two-machine sowing aggregate
performs loop turns, the actual value of the indicator of their implementation mode 11.45 m-rad™ practically
corresponds to the optimal value of 11.40 m-rad™. Besides, the loopless turns will be carried out with a mode
indicator of 5.7m-ad”, which, although it enters the allowed range of its variations
(4.5...25.0 mrad™), it is still less than the optimal level.

2. On the turning strip of minimum width the two-machine sowing aggregate can perform loop turns
with a mode index close to the optimum, and loopless ones with an indicator almost twice as high.
Implementation of both types of turning in the optimum mode takes place on a turning strip the actual width
of which is greater than the minimal calculated one and multiple working width of the aggregate.

3. The most efficient solution for the problem of performing a turn by a two-machine sowing aggregate
with an optimum value of the mode index is to use a device that automatically changes the velocity of its
movement on the turning strip, depending on the angular speed of the tractor driven wheels turning.
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ABSTRACT

The present work contains the results of theoretical and experimental studies aimed at developing
technologies for producing bast fibre retted straw to produce cellulosic semi-finished products in order to
expand the scope of oilseed flax fibre in the production of cellulosic consumer goods. It is theoretically and
experimentally proved based on comparative studies of the structure and chemical composition of flax stems
and hemp, the necessity to create a new technology for the mechanical processing of these crops for the
production of fibre with the given qualitative indices.

PE3IOME

lpedcmasneHHass paboma rnocesweHa pa3eumuio HayYHbIX OCHO8 UHHOB8aUUOHHbLIX MexHono2aul
ronyqeHusi ny6siHbIX 80/I0KOH Mpu2o0HbiX Ons GanbHelwel xumudeckol rnepepabomku U UCMOMb308aHUs
€20 8 pas/luYyHbIX OmMpacrax npPOMbiWIeHHocmu. Teopemu4yecku O060OCHO8aHO U 3KCrEpUMEHMarbHO
Ooka3zaHo Ha base cpasHUmesbHbIX uccriedosaHuli CMPOEHUsT U XUMUYECKO20 cocmaea cmebnel fibHa u
KOHOMIu Heobxodumocms co30aHuUsi HO8OU MEXHOI02UU MexaHu4eckol nepepabomku smux Kynbmyp Ons
rnony4YyeHusi B0JI0OKHa C 3adaHHbIMU Ka4yeCmeeHHbIMU roka3amesnamu. Ha ocHose ycmaHo8r1eHHO20
MexaHu3Ma wmarnenuposaHusi, ebl0esieHUe KOCmpbl U Pa3BO/IOKHEHUS MEXHUYECKUX J1yOsHbIX My4YyKoe
npednoxeHbl Hoeble crocobbl o0bpabomku cmebrell, OCHOBaHHble Ha rpoueccax yrpasrsiemMoeo
U3MesIbYeHUS U O4YUCMKU, KOmopble criocobcmeyom paspyuweHuto yesocmHocmu cmebiiell u nosbilueHU
cmerneHu pa3eosIOKHEHUS].

INTRODUCTION

Today, the pulp and paper industry in the world has prospects for development, but it also needs to
solve important problems that must be addressed differently in different types of countries (Kocharov S.A. et
al.,, 2002, Vurasco A.V. et al. 2006). Among the numerous problems in the pulp and paper industry of
Ukraine, we can distinguish the main one - the search and use of alternative sources of raw materials. The
main reason for this problem, which holds back the further development of the pulp and paper industry, is the
absence in Ukraine of its own production of primary semi-finished products (Tihosova A.A. et al., 2010,
Lyalina N.P. 2015). Thus, the growing shortage of wood raw materials and large foreign exchange costs for
the purchase of cellulose abroad make it advisable to use cellulosic materials, in particular, existing bay
crops in Ukraine.

It is known that one-year non-woody plants have a high content of cellulose and are widely used both
for the production of fabrics and for the production of fibrous semi-finished products intended for the
manufacture of cellulosic materials (Myenyaylo-Basistaya |I.A. 2013). In many countries of the world, for
example in Pakistan, Thailand and Peru, non-hardwood raw materials are the main type of raw material for
the production of cellulose. In China, almost 87% of cellulosic products are produced from straw perennials.

Therefore, the manufacture of cellulosic products in Ukraine may be subject to the use of domestic
raw materials (hemp and flax), innovative scientifically based technologies for the cultivation and processing
of natural fibrous raw materials, increase of investment attractiveness of industrial segments, which will use
natural raw materials and coordinated action programs in their products with the government and scientists.
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MATERIALS AND METHODS
Materials

According to the prototype, hemp stems of the spring collection, varieties of textile, Victoria, Glance
and Nick, were grown in Ukraine. Experimental researches were conducted with varieties of oil flax: Debut,
Southern Night and Vira.

Modernized technological process of bast fibres processing

On the basis of the established stapling mechanism, isolation of chaff and garneting of technical bast
bunches, new methods of stems processing, based on the processes of controlled crushing and purification,
which contribute to the destruction of stems integrity and increase the degree of garneting level, have been
proposed.

It was established that the increase in crushing bast fibre complexes at enhancing speed interaction of
chopping rollers with the layer of processed material is more intense than with the increase in the number of
mechanical actions. In connection with this, forcing the crushing process of technical complexes of bast
fibres is more expedient to implement not by increasing the number of mechanical actions, but by increasing
the speed of interaction between rasp-bar threshing rollers and fibre strand (Gilyazetdinov R.N. 2009).

The composition of the technological line for the production of purified staple fibre from bast crops and
the replacement of typical threshing and breaking machines and tow scutcher with the modernized tow
scutcher, which includes chopping rollers, is theoretically substantiated.

Electric motor

N=4KkBT, n=1500 x8

Reducer RCP -180 Chopping rollers

\
N
Y

[N e

Variator

Fig 1 - Kinematic scheme of the experimental installation:
1 - rolls of direct corrugation, 2 - rollers of screw corrosion

The melting part of the plant is driven by an individual electric motor, from which, through a we dge-
shift transmission, a worm gear unit RCP-180 and a dual chain drive, two longitudinal shafts receive a
rotating moment, which, by means of conical gears, rotate to the lower roller rollers. The velocity of the
material being processed in it is 22.4 m/min.

Full-featured installation

To determine the optimal parameters of cleaning plant operation, a full-featured experiment was
conducted, in which the staple composition of fibre became an assessment criterion.

The study of mechanical processes theoretical foundations of cleaning and garneting the bast raw
materials has shown that due to the differentiation of the conditions of drawing the layer of feedstock and
regulating the entering depth, the rotation speed and the grooves step during breaking, it is possible to
intensify the separation process of the wood from the fibrous part of the stem.

For bast fibre crushing, it is necessary to change the differentiation conditions of breaking in the last
pair of mechanical rollers due to toothed cohesion and regulation of rotation relative speed, which allows
to simulate the process of scutching and stapling on the threshing machine. It is also necessary to provide
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controlled crushing of broken raw products due to the increase of the processing intensity generated by
the introduction of additional forces in the breaking process that characterize threshing process.

For thinning the fibre complexes, it is the most efficient to use devices that provide additional
scutching of restrained fibre strand (Novikov E.V. et al.,, 2014). These devices, in conjunction with
additional cleaning plants, should provide a sufficient degree of purification. In order to select rational
regimes and parameters of purification, the process of impact interaction of movable operating element
with fibre was studied and a model of interaction of roll flute edge with a separable part of chaff and fibre
was developed. The analysis of the model showed that the movement of chaff part with fibre strand is
influenced, at first, by the speed of roll flute rotation and the frequency of its operations.

The method for determining the impact load on fibre strand, which allows choosing the most rational
technological and structural parameters of the installation and process, is proposed.

The impact load on the fibre strand was calculated and a linear model of the impact interaction
process of fibre strands with roll flute element was developed.

The analysis of this model and its comparison with experimental data allowed us to establish that
fibre strand should be considered as an elastic element that has a restricted mass. Application of the
model during the design of equipment for the production and cleaning of short-staple bast fibres will make
it possible to determine the rational parameters of equipment and technological process more accurately.

As a result of theoretical study, a nonlinear model of the impact interaction process of fibre strands
with roll flute element is created. A methodology that allows estimating nonlinearity of stiffness
characteristics of fibre strands on the basis of experimental research results is suggested. The method of
calculating the parameters of the impact interaction process is presented. The developed model more fully
describes the impact interaction process of fibre strands with movable operating element than linear
models.

Increase of bast fibre crushing is characterized by a classic curve of damage accumulation and
consists of three stages: the stage of intense damage accumulation, the stage of moderate damage
accumulation, the stage of critical destruction.

A new method for determining the physical and mechanical characteristics of staple bast fibres is
proposed, based on modern methods of mathematical data processing in the software environment
"MATLAB 7.0" (Ostapchuk M.V., et al., 2006).
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Fig 2- Dependences of the growth of linen complexes fragmentation

on the number of mechanical actions at the interaction rate:
1-48,98 min; 2 - 97,99 min™"; 3 — 146,95 min™

On the basis of the dynamic analysis of fiber strands interaction, which contains the separable part
of chaff, with the movable operating element it is shown that the efficiency of garbage impurity extraction
during the impact will be increased as the fiber line decomposes, when the mass of wisps of fibers
interacting with the movable operating element will come nearer to the mass of separable fibrous parts of
chaff.

It was established that the increase in crushing bast fiber complexes with increasing the interaction
speed is more intense than with increasing the number of mechanical actions. Consequently, the
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intensification of bast fiber complexes crushing process is more expedient to implement not by increasing
the number of mechanical actions, but by increasing the interaction speed.

The proposed technology is based on the use of inertial fiber cleanser

The study of theoretical foundations of cleaning and garnetting mechanical processes of bast raw
materials has shown that due to the differentiation of the conditions of drawing the layer of feedstock and
regulating the entering depth, the rotation speed and the grooves step during passing, it is possible to
intensify the separation process of the wood from the fibrous part of the stem (Virovets V.G., et al., 2011).

The conducted experimental researches have shown the advantages of the proposed technology,
which affirms the expediency of using a fiber cleanser for cleaning and garneting the technical bast
complexes. The optimum values of the nutrient layer density and the rate of its delivery for providing high
quality bast fibers obtained on the fiber cleaner have been determined. In addition, crushing of
contaminated impurities, which facilitate their easier removal during further processing takes place in pre-
treatment process.

Based on the developed mathematical model, the influence of raw materials characteristics and the
technological equipment structural specifications on the final qualitative characteristics of the linen fiber
was investigated, as well as the most rational modes and parameters of the fiber cleaner operation were
selected.

The technological line proposed is based on the use of the modernized breaking part of the tow
scutcher unit KPAL and is intended for the mechanical preparation of bast raw materials for further
chemical treatment through the use of chipping rollers and additional purification of crushed stalks on a
fibercleaner and a fiber-separating machine BOM-2.

AL

12

14

Fig 3 - Fiber cleanser scheme
1 - body; 2 - outlet pipe; 3 - the burning part; 4-fiber-separating part; 5 - separator; 6 - shaft; 7 - external rotating disk; 8 - internal
rotating disk; 9 - diffuser loader; 10 - toothed pair; 11 - white rods; 12 - comb; 13 - grate grating; 14 - rods; 15 - outlet pipe

Fibrous processing complexes are not strictly fixed and the process of bonnet separation is
intensified by means of centrifugal forces that arise due to the beating rods rotation. In addition, the speed
of the external disk drive exceeds the speed of the inner one, creating the effect of additional stretching.
Due to the proposed changes in mechanical action, a more efficient cleaning of flaxseed from the
derivative (Table 1) is carried out.

Table 1
Variations of the main structural and technological parameters of the fibre cleanser
Numbers of comb combinations
Variable parameters of working bodies
1 2 3 4 5 6 7 8

Step of comb fins, mm, (X1) 120 120 120 150 150 150 120 150
Angle of inclination of comb, degree, (X2) 55 55 45 55 55 45 45 45
Width of comb ribs, mm (X2) 100 150 150 100 150 150 100 100
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According to the results of theoretical and experimental researches, an innovative technology of
bast crops primary processing, which has undergone extensive testing in scientific circles and has found
positive feedback from industry experts, has been proposed.

Mathematical description of the technology of stapling and cleaning bast fibers during their
processing on the proposed equipment allowed establishing a number of experimental and theoretical
dependencies that determine the boundary values of the adjustment parameters of technological
equipment separate units and the process of bast crops mechanical treatment in general, which will allow
to create an innovative technology for the production of bast fibers for various industries in Ukraine.

RESULTS

On the basis of the conducted research complex the scientific concept of equipment improvement
for the innovative technologies of bast crops primary processing has been developed, which ensures the
production of bast fibers of the intended purpose. On this ground for the first time:

- it is proposed to use chopping rolls in mechanical processing of bast stems with the aim of
intensifying the process of obtaining cellulosic raw material;

- scientific development was given to production theoretical foundations of various intended purpose
bast fibers, based on implementing modern technologies for complex mechanical processing of flax stems
and hemp;

- a new concept of bast stems mechanical processing is theoretically grounded, based on the
garnetting of technical fibers complexes due to the use of new mechanical actions in the initial stages of
raw materials primary processing;

- the model of the crushing process of bast fiber complexes has been developed, which made it
possible to establish that the increase in crushing of their complexes with increasing interaction speed is
much more intense than with increasing the number of mechanical actions;

- the methodology of determining qualitative parameters of bast fibers on the basis of
mathematical data processing on the input characteristics of bast crop stems, structural features of the
equipment, parameters and modes of mechanical processing has been developed;

- the criterial evaluation methodology of structural parameters of bast crops staple fiber, which
will determine its functional purpose has been developed.

As a result, from obtained hemp fiber cellulose, paper was obtained, the qualitative parameters of
which are presented in Table 2.

Table 2
Qualitative characteristics of paper obtained from hemp fiber
Quality score name Quality score value Divergence
by standard received paper A
Weight of paper with an area of 1m?, g 75,0 97,0 -22,0
Air permeability, at Ap=200 Pa, S=10 sm”, I/m°sec 830 1350 +520
Absolute resistance to dampening, kPa 0,45 0,60 +0,15
Destructive effort, KN / m 2,0 4.5 +2,5
Thickness, mm 0,6 0,8 -0,2

The use of bast crops stems to obtain cellulose materials for various purposes will contribute to a
significant reduction of environmental damage from deforestation, eliminate the import dependence of
Ukraine in the manufacturing of strategically important products, and an increase in the production of
polymeric materials, reinforced with natural vegetable fibres, will provide lower prices for cars, will stimulate
the development of farms, reduce soil contamination and improve the composition of the air.

In order to create innovative technologies for the production of bast fibers, practical
recommendations for increasing the efficiency of their further chemical treatment, which are aimed at
obtaining high-quality fibrous semi-finished products and determining the degree of their suitability for the
use in various spheres of industrial production have been developed (Popadinets N.M, 2011).

CONCLUSIONS

The theoretical laws and regulations, formulated by the author, are the basis of a new methodology
for the creation of both individual processes and the whole technology of bast crops complex processing.
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The results of experimental studies indicate that obtaining high-yielding cellulose from flaxseed may
be at a temperature of 160-170° C, boiling time of 180-300 minutes, and concentration of NaOH boiling
solution of 30-40 g / 1.

Boiling of flax straw untreated stems by the sodium carbonate method makes it possible to increase
the yield of cellulose from 60.1% to 90.0%.

If short flax fiber is used as raw material, high vyield cellulose can be obtained at a boiling
temperature of 170 to 160°C, at boiling time of 180-300 minutes, and concentration of NaON boiling
solution of 45-50 g/1.

The analysis of the experimental data obtained shows that, with practically the same strength, the
air permeability in paper samples obtained according to the proposed technology is three times higher
than the existing standards.
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ABSTRACT

The paper presents the developed design of a research prototype of a pneumatic screw conveyer
and the research methodology aimed at determining power characteristics for moving various types of
loose materials depending on the influence of pressure and air volume. The dependences of pneumatic
screw conveyer efficiency on the change in the area of a hopper hole, the rotation frequency of a screw
feeder and the value of an operating air pressure in a technological line have been determined. The
influence of the form and the geometrical parameters of a central replaceable nozzle on the distance of
loose materials transportation has been determined.

PE3IOME

B cmammi npedcmaeneHo po3pobrieHy KOHCMPYKUito 00CHiOHO20 83ipusi MHEe8MO-UWHEKOB8020
mpaHcriopmepa ma MemoOuKy mpoeedeHHs1 00CriOXeHb O BU3HAYEeHHS] CUo8UX MOKa3HUKIg
rnepemiueHHs Pi3HUX murig CUMKUx mamepianie 8 3anexHocmi 8i0 erniusy mucky ma ob’emy rosimpsi.
Bcma+osneHo 3anexHocmi rpodyKmusHOCMI HEe8MO-WHEeKO8020 mpaHcriopmepa 6i0 3MIHU oW
omeopy byHkepa, Yacmomu obepmaHHs1 WHEeK08020 XUBUJIbHUKA ma 8e/lu4UHU pob0o4y020 MUCKY nosimps
8 mexHosIo2iYHIl Maezicmpani. BcmaHoeneHo ennue opMu ma 2eoMempuyHUX rapamempis
UeHmparsnbHO20 3MIHHO20 corifia Ha 8idcmaHb mpaHcrnopmyesaHHsI CUrkux Mamepiarnie.

INTRODUCTION

The conducted analysis of recent scientific and patent literature (Lyashuk O.L. et al., 2015;
Rogatynska O. et al., 2015; Loveikin V. and Rogatynska L., 2011; Lech M., 2001; Manjula E.V.P.J. et al.,
2017; Naveen Tripathi, 2015), which cover the design of operating devices and the ways of loose material
transportation in closed casings along both rectilinear and curvilinear routs, shows that they satisfy most of
the requirements for the process quality to a certain extend. But the issues connected with the
improvement of conveyer efficiency, the reliability of operating elements, the reduction of energy
consumption and minimization of loose material damage during its transportation etc. have not been fully
investigated yet. This paper presents further investigation of the issues, covered in paper (Hevko R.B.
et.al., 2014; Hevko R.B. et al., 2016; Hevko R.B. et al., 2017).

MATERIALS AND METHODS

In order to conduct experimental investigations, a research prototype of a pneumatic screw conveyer
(Fig. 1) has been designed and developed. It contains a frame 1, where there is an electric motor 2, which
is connected to a V-belt drive 3 with a reducer 4. With the help of a chain drive 5, a take-off shaft of a
reducer transmits torque to the shaft of a screw feeder 6. Loose material is loaded into a hopper 7. A
center shaft of a screw feeder is connected to a pneumatic system with the help of pneumatic pipelines 8.
A splined shaft of a screw feeder is arranged with the possibility of angular displacement in bearing
assemblies and is spring biased 9. Pressure of the compressed air is delivered through a pneumatic
transmitter 10 to a pneumatic distributor 11 in the central opening of a screw feeder, where there is a
replaceable nozzle 12 arranged.
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Loose material comes through a hopper into a conveyor body and gets onto a screw feeder, which
carries out a rotational motion. If there is an overload, which is caused by the accumulation of a certain
amount of loose material in the process chamber of a conveyor body, due to its spiral surface a screw
feeder is axially displaced in the direction opposite to the one of loose material transportation with the help
of a splined joint and it compresses a spring. Here, air from a pneumatic distributor reaches a central
opening of a splined shaft of a screw feeder, which causes further transportation of loose material.

At the first stage of the experimental research, actual efficiency of a pilot plant without air feed has
been defined and initial escape of material transportation or steady provision of accelerated material
transportation after its rolling off the flights have been determined.

In order to determine the influence of the area of a hopper discharge hole and the frequency of
screw rotation on the efficiency of a pilot plant, investigations without high-pressure air feed were
conducted based on the implementation of a multi-factor experiment, and searching experiments were
conducted based on the implementation of a single-factor classical experiments.

Fig. 1 - Pneumatic Screw Conveyer:
1 — frame; 2 — electric motor; 3 — V-belt drive; 4 — gear box; 5 — chain drive; 6 — feeder housing; 7 — hopper; 8 — pneumatic pipelines;
9 — spring; 10 — pneumatic adapter; 11 — pneumatic distributor; 12 — interchangeable nozzle

A response function or an optimization parameter of the efficiency of a pilot plant Q; without high-

pressure air feed, which was determined by an experimental approach, was found in the form of a
mathematical model of a logarithmic function

Q =b +bInx +b, Inx, 1)

where Q; — efficiency of a pilot plant without high-pressure air feed, kg/m; by, bs, b, — coefficients of an
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approximate model under orthogonality and symmetry conditions; having made calculations, it has been
determined that by = -27.49; b;= 5.2; b, = 2.77; coded factors according to the area of a hopper discharge
hole: x; - SCX10'4, m?; frequency of screw rotation: x, — n, rev/im.

According to the results of the conducted multi-factor experiment, the general view of the regression
equation of the dependence of the efficiency of a pilot plant Q; without high-pressure air feed on the area

of a hopper discharge hole S. and the frequency of screw rotation n in actual values is the following:
Q =—-27.49+5.2In(S,) +2.77In(n) 2)

During the performance of the experiments, the factorial field was determined by the following
parameter range: 12 < S; < 35 (10 m?); 150 < n < 450 (rev/m).
The obtained regression equation (2) can be used for determining the efficiency of a pilot plant Q;

without high-pressure air feed according to the area of a hopper discharge hole S and the frequency of
screw rotation n.
Based on the regressional dependences, a response surface with its two-dimensional section of the

change in the efficiency of a pilot plant without high-pressure air feed as a functional Q = f(S.,n)was
constructed, which is represented in Fig. 2.
The pattern of Q] change shows that within the limits of factor variation, the efficiency changes from

0.75 to 9.0 (kg/m). Here, the pattern of Q; change depending on every separate factor is different: the rate

of QF gain depending on the change in the area of a hopper discharge hole S is much bigger that the rate

of efficiency gain depending on the frequency of screw rotation n and is within the limits of 0.5...2.5 kg/m
and 3.5...7.0 kg/m respectively. Thus, the influence of S; on the efficiency of a plant is much greater than
the frequency of screw rotation n.

12, 450 12, 450; 12, 450;
450
'
£ 400
&
=0
300 112, 300; 12; 300; 12, 300,
250
— 35
— 8
_—T
200 L]
5
12,150, 12, 150; 12,150, "
v L1 \ —
12 18 ) B 2% 2 w1
S, %x10*m?
a b

Fig. 2. - Response surface (a) and its two-dimensional section (b) of the change in pilot plant efficiency
depending on the area of a hopper discharge hole S; and the frequency of screw rotation n

The determination of the lower value of the operating pressure P of air feed, at which the beginning
of material acceleration (its rolling off) at the discharge end of a flight can be observed, was carried out by
means of implementing searching experiments, which were conducted at constant minimum values of the
factors S, = 12-10* m? and n = 150 rev/m.

In order to conduct comparative studies with high pressure air feed P at the take-off shaft of a screw
feeder, nozzles of various configurations were made (Fig. 3). When determining maximum distance of free
material movement from a nozzle, investigations were conducted at the constant frequency of feeder
rotation n = 450 rev/m and air feed pressure 0.8-10° N/m”.

The necessity of conducting searching experiments was based on the fact that a pilot plant is a
scaled model, the dimensional specifications of which significantly differ from those of a full-scale
pneumatic screw conveyer. The beginning of accelerated material movement was visually observed with
the help of screening and comparing high-speed shooting (Fig. 4) at the initial value of P = 0.05-10° N/m®
and the following level of operating pressure variation AP = 0.02-10° N/m®.
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Fig. 3 - The distance of loose material transportation depending on the form and the geometrical parameters
of a nozzle of a pneumatic screw conveyer:
1, 2, 3 — with a central opening of various conicity (diameter D = 10 mm); 4, — with a non-central opening (diameter D = 2.75 mm);
5, 6, 7 — with three openings located at various angles to the axis

Fig. 4 - General view of high-speed shooting of the process of material movement acceleration
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RESULTS

The results of the experimental investigations of the change in pneumatic screw conveyer efficiency
depending on the initial values of high pressure air feed P are represented by a graphic chart (Fig. 5).

It has been determined that the change of the operating pressure P within the limits of
(0.05...0.2)-10° N/m? has almost no influence on the efficiency of a pneumatic screw conveyer and
material movement acceleration is observed at P,,, = 0.2-10% N/m?.

Experimental investigations of the efficiency of a pilot plant at high pressure air feed were conducted
based on the implementation of a multi-factor experiment (three-factor experiment at the levels of
variation).

The procedure of planning and conducting experiments and the processing of the obtained
experimental data is similar to the previous one, except for the fact that together with engaging the drive of
a screw, a compressor unit was simultaneously turned on as well, having the preset necessary value of the
operating air pressure P entering the collector.

Var10 = 0,6421+0,0465"x+2,7056*x*2
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Fig. 5 - Dependence of efficiency as a functional on air pressure P = (0.5...0.21)-10° N/m?

The general view of the regression equation, which describes the dependence of pilot plant
efficiency Q; at high pressure air feed on the area of a discharge hopper hole S, the frequency of screw

rotation n and operating pressure P based on the results of the conducted multi-factor experiment in actual
values is the following

Q¢ =—25.23+7.34In(S,) + 2.26In(n) + 2.97In(P). ®)

During the performance of the experiments, the factorial field was determined by the following
parameter range: 12 < S, < 35 (10 m?); 150 < n < 450 (rev/m); 0,2 < P < 0,5 (10° N/m?).

Based on the regression equation (3), a response surface with its two-dimensional section of the
change in the efficiency of a pilot plant Q7 at high-pressure air feed as a functional Q; = f(S,,P) and

Q; = f(n,P) at constant values of the relevant third factor, that is to say at x, =n=const, x, =S, =const was
constructed. Graphical dependences of functional Q; = f(S_,P) and Q; = f(n,P) are represented in Fig. 6
and Fig. 7.

It has been determined that efficiency Q; increases with the increase of operative factors and is within

the limits of 2...11 kg/s depending on their change. The frequency of screw rotation n and the area of a
hopper discharge hole S have the most significant influence on the pattern of efficiency Q; change, here,

significant increase of Qj is observed at the increase of the relevant factor value S > 24-10" m?,

n > 300 rev/m. In addition, it has been determined that depending on the change of operating air pressure
P within the limits of factor change 0.2 <P < 0.3 (106 N/mz), the efficiency of a pneumatic screw conveyer
increases rectilinear to the increase of P, here, the gain is about 1.1 kg/m.

The disadvantage of such additional feeding is that air streams, which are coming out of pneumatic
system nozzles and directed into a transportation flow, are places at a high angle. Such arrangement of
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nozzles is inconsistent with the direction of material movement in a flexible pipe.
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Fig. 6 - A response surface (a) and its two-dimensional section (b) of the efficiency of a pneumatic
screw conveyer as a functional Qn = f(S¢, P) at n =300 rev/m

The construction arrangement and the general view of a new technical performance of a pneumatic
screw conveyer are represented in Fig. 8. It consists of carriage 1 and 2, where there is a drive 3, a frame 4
with a hopper 5, a screw feeder 6, a pneumatic system 7 and a pneumatic valve 8 arranged. A conveyer
pipeline consists of series-connected sections 9 of length |, here, each section contains an elastic casing 10,
which, on its right side, is fixed on a coupling cylinder bushing 11 with the help of a ring 12 that is regulated
by bolt 13 tightening.
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Fig. 7 - Response surface (a) and its two-dimensional section (b) of the efficiency of a pneumatic screw
conveyer as a functional Q, = f(n, P) at S; = 24- m?

In the central part of a cylindrical bushing 11 there are openings 14 inclined in the direction of
material transportation, which are arranged in a circle and are caught by a l-shaped bushing 15, on the
outer diameter of which there are connectors 16 arranged at an angle in the direction of material
transportation and to which there are air supply hoses 17 attached. On the left side of an elastic casing on
air supply hoses there are inlet connectors 18 arranged, which are connected to the common pneumatic
system of a conveyer, here, the length of air supply hoses of every next section are twice bigger than those
of the previous one and the hoses of the section are displaced in circular direction and fixed along the
section length 9 by a clamp 19.

While in operation, material comes through a hopper 5 into a conveyer body 4 on a screw feeder 6.
When there is overload caused by the accumulation of a certain amount of loose material in the processing
chamber of a conveyer body 4, a screw feeder is displaced axially in the direction opposite to material
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transportation. Here, air comes along hoses 17 through holes 14 into the section 9 and dilutes the
accumulated material.
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Fig. 8 - Construction arrangement (a) and general view (b) of a pneumatic screw conveyer with feeding
hoses connected to a flexible casing

CONCLUSIONS

The paper presents the developed design of a pneumatic screw conveyer and investigation
procedure for determining the dependence of pneumatic screw conveyer efficiency on the change in the
form and the geometrical parameters of a nozzle , the area of hopper hole, the frequency of screw feeder
rotation and the value of operating air pressure in a technological lane.

Response surfaces and their two-dimensional sections have been constructed and their analysis
shows that the efficiency Q, of a pneumatic screw conveyer increases with the increase of the operating
factors and is within the limits of 2...11 (kg/s).

The frequency of screw rotation n and the area of a hopper discharge hole S; have the most
significant influence on the pattern of efficiency Q, change, here, there is significant increase of Q, with the
increase of the value of relevant factors S, = 24 10 m? and n = 300 rev/m.

Based on the results of the conducted investigations, a pneumatic screw conveyer with additional
feeding of material flow by means of air streams has been developed and made.
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ABSTRACT

A geometric model and substantiated parameters of the surface of the cultivator sweep, equipped
with local strengthening elements have been developed. The minimum inclination angle of the guide is 27°,
which was taken into account when designing the sweep construction. The method of designing the
cultivator sweep surface, including the formation of the guide curve, the construction of the frame surface,
the determination of horizontal, frontal, profile sections and the construction of the scan, was developed. The
limits for changing the cultivator sweep parameters with local reinforcement elements are determined.

PE3IOME

ObrpyHmosaHi eeomempuydHa MOOenb | napamempu MOBEPXHI KyfbmueamopHOi nanu, OCHauweHol
efileMeHmamu f10KanbHO20 3MIUHEHHs. MiHiManbHUM Kymom Haxusy HarnpsiMHOI € Kym 27°, Kompudt cnid
nputivamu  rpu po3pobuyi KoOHcmpykuii nanu. Po3pobrneHo MemoduKy npoeKmyeaHHsI MO8EPXHi
KyfibmueamopHOI nanu, w0 eKroYyae ¢hopMysaHHsI Harpaerssodol Kpueoi, nobydosa KapKacy M08EpXHi,
B8U3Ha4YeHHs1 20pU3OHMarslbHUX, (bpoHMarsnbHUX, npoginbHUX repepisie | nobydosy pPO320pPMKLU.
BcmaHoeneHo HacmynHi Mexi 3MiHU napamempig KyrnbmueamopHOl nnanu 3 foKalbHUMU efeMeHmamu
3MIUHEHHS].

INTRODUCTION

More than 60% of the Ukraine soils are deep, fertile chernozems (black soil) and more than 75% of
them is under cultivation (Slowinska-Jurkiewicz et al, 2013). Tillage tools apply direct energy to the black soll
in order to obtain some desired effect such as cutting, breaking, inversion or movement of soil (Biswas, H.S.,
1993). Seedbed preparation greatly contributes to the overall cost of farm operations, implying that
significant savings are possible through optimized design and development of tillage machinery (Shinde et
al., 2011). Modern trends in obtaining environmentally safe products require at least partial refusal of
chemical weed control (Dewangan and Rajput, 2017; Vasylieva, 2017; Vasylieva and Velychko, 2017). It is
recognized that the use of cultivators is the most effective engineering tool for weed control (Hanna et al.,
2000; Sullivan, 2003). There are basically three types of cultivators: field cultivators, row crop cultivators, and
rotary cultivators (Srivastava et al., 2008). Consequently, nowadays, requirements for the technical level of
cultivators are increasing. It is necessary to emphasize that the soil tillage is a process with high — energy
consumption (Gheres, 2014). The objective of mechanical manipulation of the soil designed to agricultural
production is to create favourable soil conditions and the environment for crop growth by changing bulk
density, soil granulometry size distribution and other characteristics (lvan and Deac, 2007; Rusu et al.,
2013).

The analysis of cultivators’ recent developments determines the following main areas of their
improvement:

- optimization of the machine overall layout;

- creation of fundamentally new working bodies;

- development of combined assembilies;

- increase of working bodies wear resistance;

- increase of the cultivator sweep cutting capacity;

- improvement of stability process in capture depth and width.
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The first three areas require fundamental theoretical and practical research (Kiss and Bellow, 1981;
Galat and Ingale, 2016). The remaining approaches are related to solving constructive problems. All
methods of extending the cultivator sweeps service life can be divided into two groups. The first group is
represented by operational methods including the following ones: sweep restoration by pulling; application of
various ways of sharpening the blade (Zhang and Kushwaha, 2004; Wang and He, 2002; Saxena, 2009).
The second group is represented by constructive methods: the execution of the sweep of the prefabricated
structure, solid alloy blade surfacing, application of local blade strengthening (Badegaonkar et al., 2009),
change in the geometry of the sweep surface (Hanna et al, 1993; Gheres M. I., 2014). The geometry of the
cutting edge or of the work surface contour of a tool for processing soil shows a particular importance in
minimizing the necessary energy for the working process (Tutunaru et al., 2014). The most common way to
improve the cultivator wear resistance is for a solid alloy to be applied on the blades. This method of
increasing wear resistance has been widely used due to the slight change in the design of cultivator sweeps
with a significant increase in service life. It was substantiated that reducing the thickness of the coating and
enlargement of the crumbling angle increases the sweeps impact strength (Shafi et al., 2007).

The objective of this study is to develop a geometric model and substantiate the parameters of the
cultivator sweep surface equipped with elements of local strengthening.

MATERIALS AND METHODS

The research methodology is based on the shape of the profile, depending on: the direction of the
elements orientation and the ratio of high-speed push and static vertical pressure. The main tasks of the
study were:

- to obtain the blade profile in the predefined configuration;

- to reveal correlation relations between the profile of the formed teeth and the parameters of the
local strengthening strips;

- to study the impact of introduced structural changes on the performance quality in comparison with
the standard design cultivator sweep.

Taking into account the cultivator sweep specific operation in the point zone, which occurs along the
line curve, on the basis of the deployed surface general model, a surface component has been proposed.
Surface parameters are shown in Fig. 1.

Xr
/
&
4
| A4 X v
> , Bf qlf / / {}

ST NA

Fig.1 - Scheme of the cultivator sweep surface parameters
(parameter meaning: b - width of sweep grip, mm; Z, - height of the cultivator sweep surface, mm;
k - inclination angle of the generatrix on the projection horizontal plane, mm)
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Component of the cultivator sweep surface with local strengthening elements are shown in figure 2.
- ™ e te: - = 1
i H x

" ’?4’:;.

Fig. 2 - Component of the cultivator sweep surface with local strengthening elements

The sweep surface consists of a cylinder surface with an axial line OO, X and an area BB,C,C, which
are conjugated to the generatrix of the cylinder BB, . The cylinder has a radius I', and the normal N area,

taken from the point NO, has a slope to the horizontal area of the projection at an angle &, . The angle &, is
determined by the dependence
a,=90"-«a (1)
where ¢ - the angle of crumbling, degree.
Thus, the scrolling guide surface consists of two lines: the arc of the circle OBB'’

(x=x) +y =r’ )
where X, - the distance from the centre of the circle O1 to the coordinates; r - the radius of curvature of the
sweep point, mm. Straight line BC equation has the form:

y=1gyox+d; @3)
where d1 =Xz — Yg -197,. 7, - the angle of guide inclination, degree;

Xg and Y, - coordinates of the point B of a circle transition in a straight line

RESULTS
The coordinates of the transition point B will be determined by differentiating (2) and (3) by X.

%5[970 and x _r+ y%:o
Substituting in the second equation the expression of the first derivative from the first equation, and
taking into account that X, =TI, we obtain the first equation for determining the coordinates of the point B
X—r+y-tgy, =0 (4)
By adding to the equation obtained, the equation of a circle, we obtain a system for determining the
coordinates of the point B

®)

X-r+y-tg-y,=0
(X-r)?+y?=r?
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Thus, the guide curve of the cylindrical surface of the sweep point will be the arc of the circle BOB’
y=4r*—(x-r)? (6)
Generatrix for a cylindrical surface will be a line BB, defined by the system:
Z=1goX+X,,
y =" =(x=1)’

We will write the equation of the sweep wings as an equation of an area passing through three points.
Two of them are the point of transition of the guiding point of the sweep B(Xg,yg,zg) and the point

@)

C(x,,.,z.)- the extreme point of the sweep blade. These points lie in the horizontal area Oxy . The third
point N we define as being arbitrary. The area BB,C,C, rotating around the straight line BC', may take

any position, which will ultimately be determined by the coordinates of the point N . Thus, fixing two points,
Band C, and determining the inclination angle o, of the normal to the horizontal projection area, we fix the

coordinates Xy, yy and Z.

The equation of an area passing through three points B,C, N , looks like a determinant:

‘x_‘xg y_yg Z_Ze’
‘xc_‘xs yc_yg Zc_Ze’ :0'
'xN _xe yN_y6 ZN_Zs

Let's expose it to minors and algebraic supplements:

y.—y, 2Z.—2, X, —X, Z.—Z,
(x—x,) -(r=y.) +
YN =V, Zy —Z, Xy =X, Zy—2Z2,
X, — X -
+(z-2z) " ° Yem Yo =0.
XN_X(g yN_yff

Applying the abbreviated notation for minors, we obtain the area equation from the general form:
AX+By+CZ+D:O (8)
Ve = Ye Lo~ g
YN V¢ IN ~Zg
D= BY@ _Axe —ng-

where D - the power of the dynamic pressure, N.

Xe —Xg Zc_z Xc_xe yc_ye

XN —Xg YN —Ys

where A = 6

B = ;C =

XN —Xg¢ IN —Zg

The inclination angle of the normal 1 to the bottom of the furrow is o, = 90° — ¢,

where & - the inclination angle of the area BB,C,C, which is the angle of crumbling.

The angle between two areas ¢ is determined by the dependence
AA, + BB, + CC,
\/(A2 +B2+C?)-(A2+B2+C?)’

where A, B, C - coefficients of the sweep area equation;

cosa, =

C)

A4,,B,,C, - coefficients of another area

Imagine one of the areas as a horizontal area of the furrow bottom. Then, its equation will take the
form:

C,z=0. (10)
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Since the area (10) is horizontal, equation (9) will take the form:

C
cosa, = 11)

JA? +B* +C?

In order to get rid of the radical in the denominator, we bring the resulting expression to the square:

CZ
cos’ oy =—F——5
A°+B°+C
Taking into account (8), the expression can be written in the form:
2
2 C
Cosal_yy zzzxx zz2
c 8 c 8 + c 8 c 8 +C12

yN _yg ZN_Zs

Since Y, and X can be any positive numbers, then ticking

Xy—X, Zy—2Z

V.-V, =R, z2.-2, =T, y,—-VY, =K, x. =X, =E, xy, =X, =F,

it is possible to solve the expression regarding Z, . So, we give the resulting expression in the form:

2 2

R T |ET ., C’
+ +C =—7p—,

K z F z COs” o

where Z=17, —1Z,.
Conducting transformations, we come to a quadratic equation:
1
az* —2bz+C*(1-——)=0 12
COS" o

where a=R’+E?* b=T(R-K+E-F)
As a result of the corresponding transformations, the coordinate Z, will be equal to:
Z,=1,* Z,, (13)
where Z, and Z, - the roots of the quadratic equation (13).
Forming J, by which the local elements of the strengthening will be located, are determined by the
system and simultaneously lie in the area BBlClC. This position imposes to the parameters Kk ,| ,mk,

ml +n, the corresponding connection. To identify the nature of this connection we substitute the equation
of the coordinate area Y, Z, in the expression from the equation of the straight line.

A +B-(kx+1)+C(mkx+ml+n)+D=0
With known values of the area coefficients A, B, C, which are determined by the coordinates of

the points B,C, N we obtain the equation for one of the line parameters as a function of the coordinate X
, for example, regarding the angular coefficient k

Ax-B:-I-C-m-I-1-n-D
(B+C-m)

Each generatrix ( is tangent to the curve R, which is the edge of the unfolding surface return and

K=—

has an angle of inclination to the horizontal area & .
The equation of the return rib is determined by a system of equations:
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m'l +m'l +n’
m’k + mk’
R:y,=kx+1,

R

z, =mkx+ml +n.

After removing the dependence of the parameter KfromX K = k(X) it is necessary to take the next step. It
is essential to determine whether the coordinates of the return ribs fall into an area limited by the wing area
BBlclc. If this condition is not met, you need to change one of the functions M, | or N and repeat the
calculation. The straight-line guide, which is the initial form of the blade, is located at an angle to the direction
7, of the cultivator sweep movement. In the process of work, due to the presence of local strengthening

elements, some teeth having a profile KE can be formed on the blade, as shown in Fig. 3.

Yo

¥

e &

Yx af

Fig. 3 - Scheme of guide inclination angle substantiation
a - angular parameters of the strengthening elements and the tooth;
b - the forces influencing the particles when moving on the tooth profile

As a result of the sweep operation, the curvature increases, therefore, with the increase in working
time, the inclination angle of the tangent y, at the point E will increase and in the limiting sense, it will

become equal to the angle of the establishment of the local reinforcement element ), =&, where ¢ -
inclination angle of the reinforcing element, degree. In accordance with the scheme (fig.3a), we will write the
relation of the angles between the tangent to the profile of the blade ), and the establishment of the
strengthening element:

H=EE—), (14)
then
VHW=E—H (15)
E=N—H (16)
In its turn, the angle between the generatrix {J. and the guide is equal to:
& =&Y,
where YV, =&E—&; a7)

and taking into account (16)
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Vo=V H—E (18)

Laboratory and field experiments have determined that the angle ﬂl in the established mode is

equal to the difference in the angle of the local reinforcement element installation &,with the inclination
angle y, of the tangent tE at the point E.is equal to:

B=n-v,=1

Therefore, in order to substantiate the inclination angle of the guide y_, it is necessary first of all to

determine a limiting value ¥, that ensures movement of plant remains, plant roots or soil on the tooth profile.

The justification of the angle y, must be divided into two stages: a) initial work of the sweep when the tooth is

not formed yet. In this case g =0 and y; =y, . The angle y, is chosen from the condition of weeds cutting,

thus  =90° — ¢, , where @, - the angle of weed friction by metal, degree; b) the second stage of the work is

that the tooth profile begins to form, the tangent at the point £ being at an angle y, different from the

inclination angle of the guide to the motion direction. As the tooth profile forms, the angle }, increases and

reaches in the established mode, the value equal to the angle &, of the determination of the strengthening

elements. To determine the limit value of the angle y;, we take the following assumptions: weed or part of

the soil is in a homogeneous moving of soil flow, the mass of the weed or a part of the soil is concentrated at
the point.

If you move the sweeps in the soil to any part, whether it is plant residue, plant root or soil aggregate,
the following forces will act on the sweep profile: force of a dynamic push, N.

D=psv? (19)
which is decomposed into a tangent component
D, = psv? cos® ¥, , (20)
and normal component: D, = pSV2 sin’ 71
Friction force: T=f-Dy=fpsvsin®y,, (21)

where p - soil density, kg / m %S - cross - section of a particle, m% Vv - speed of the working body

movement, m/ s; f - friction coefficient.

The condition of the particle movement on the tooth profile will look as follows, when the force of the
tangent component of the dynamic push is higher than the friction 7" force Dy =T , or, having substituted
the values of forces, we have:

psveicos® y, = fosv?sin? y,.

By reducing on pSVZ, we get a relation, in which there is only the inclination angle }; and the

friction coefficient
cos?® y, = f sin? y,

After conversion, we turn to the expression
1
tgy, < 1/? (22)

Choosing friction coefficient fis quite important. To make this choice, we consider the motion of
two particles M, and M, on the tooth profile KE in accordance with the scheme (fig. 3, b).

Let the particle M, moving in front of the particle M, be a vegetative remain or the plant root with a
friction angle on the steel @,and, accordingly, the friction coefficient f3. Then the second part M, , the

proportion of the soil - with the angle of friction on the steel ¢, and, respectively, the friction coefficient fl .
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There are two possible case studies.
Case 1. The friction angle of the plant remains or the plant root on the metal ¢,and, accordingly, the

friction coefficient f3, bigger than the friction angle of the soil on the metal @, .

Then@,> @, and f3>(pl, which leads to an excess of frictional force of the weed on a steel over the

friction force of the ground on the steel. At the same time, the force of the dynamic pressure will influence on
the weeds, determined by the formula (20). In this case, the force of the dynamic push Dtl must be higher

than the strength of the soil friction on the steel DKl >T,. Therefore, to ensure weed movement, condition
(22) should look like:

y, < arctg( ) (23)

Smax

where f3max - maximum friction coefficient of weeds on metal.

Case 2. The angle of weed friction on metal ¢, and, accordingly, the friction coefficient f3 is smaller
than the friction angle of the soil on the metal @, . In this case, @, <@, and f3<(0l and, accordingly, the soil
friction strength on the steel exceeds the friction force of the plant remain on the :steeIT1 >T3. Such values of
the friction angles lead to the fact that the force of the dynamic push will perceive the proportion of the soil,
while Dtl > T1- In this case, the condition that ensures the movement of the weed and the soil, should look
like:

y, <arctg(|-) (24)

where flmax - the maximum friction coefficient of the soil on the metal.

For a general-purpose cultivator sweep it is necessary to take friction coefficient with highest
meaning.

Defining the angle } by the expression
7/027/1_70 (25)
find the inclination angle of the guide.
The values of the friction angles of the soil on steel are presented in Table. 1

Table 1
The boundaries of changing the friction angle of the soil on the steel
. The friction angle of the soil | The coefficient of soil
Soil texture on asteel, ¢, [degree] friction on a steel, fl
Sandy 26°30'...35° 0,499...0,7
Light and medium loam 19°30'...26°30’ 0,354...0,499
Heavy loam and clay 31°...42° 0,601...0,9

Heavy loam and clay have the largest angle of friction ¢, =42°. The maximum friction angle of the

plant roots on the steel is ¢, = 44°40'. The values of the inclination angles are determined based on the data

given and in accordance with formula (25).

The results are shown in Table. 2. As it can be seen from Table 2, the minimum inclination angle of
the guide is 27°, which was taken into account when designing the sweep construction.

The experimental samples of the sweeps installed KPS-4, which were aggregated with a tractor DT-
75M, are shown in fig. 4.
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Table 2
The variation range of the inclination angle of the generatrix depending on the soil texture
The friction angle of the | Maximum friction Inclilnation ¢
. . angle of crop residues angle 0
Soil texture soil on a steel, (), eneratrix
on steel, (D, [degree] 9 x
[degree] [degree]
Sandy 26°30...35° 37° 27°
Light and medium loam 19°30'...26°30' 37° 27°
Heavy loam and clay 31°...42° 37° 31°

Fig. 4 - Experimental samples of sweeps

Conditions of conducting experiments: speed up to 2.3 m / s, soil — ordinary molisol, soil texture —
medium loam, relief - smooth, microrelief - levelled, background on the field - remains of corn stalks with
length from 4 ... 7 cm to 24 cm, in quantities from 1-2 to 3-6 p /m?. The soil moister is 19.1% and the
hardness of the soil is 529 kPa.

CONCLUSIONS

1. A geometric model and substantiated parameters of the surface of the cultivator sweep, equipped
with elements of local strengthening, have been developed.

2. The method of designing the surface of the cultivator sweep, including the formation of the guide
curve, the construction of the frame surface, the determination of horizontal, frontal, profile sections and the
construction of the scan, has been developed.

3. The following limits for changing the parameters of the cultivator sweep with local reinforcement
elements are determined: the width of the capture b = 230, 270, 330 mm; radius of sweep point I = 20...40

mm; angle of deflection of wings 2y = 70...73°% angle of deflection & = 27...30°% angle of application of

reinforcement elements to the blade & = 20 ... 30°; step of reinforcing elements along the blade he= 30...40
mm; reinforcement elements length |e= 40...50 mm; reinforcement elements overlap Aé= 10...15 mm;

reinforcement elements width S, = 3...5 mm; reinforcement elements thickness S =1...2 mm.
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Article Types
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1. Regular articles: These should describe new and carefully confirmed findings, and experimental procedures
should be given in sufficient detail for others to verify the work. The length of a full paper should be the minimum
required to describe and interpret the work clearly (max.10 pages, even number);

2. Short Communications: A Short Communication is suitable for recording the results of complete small
investigations or giving details of new models or hypotheses, innovative methods, techniques or apparatus. The
style of main sections has not necessarily to be in accordance with that of full-length papers (max. 6 pages, even
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3. Reviews: Submissions of reviews and perspectives covering topics of current interest are welcome and
encouraged (max.10 pages, even number).

Manuscripts should be written in English (American or British usage is accepted, but not a mixture of these) and
submitted electronically at the following e-mail addresses: inmatehjournal@gmail.com

Please be sure to include your full affiliation and e-mail address (see Sample manuscript)

The authors are responsible for the accuracy of the whole paper and references.

There are allowed 2 papers by each first author.

The text layout should be in single-column format. To avoid unnecessary errors it is strongly advised to use the “spell-
check” and “grammar check” functions of your word processor.

Review Process

All manuscripts are reviewed by 2 members of the Scientifically Review Office. Decisions will be made as rapidly as
possible and the journal strives to return reviewers’ comments to authors in approx.3 weeks.

The editorial board will re-review manuscripts that are accepted pending revision.

NOTE:
Submission of a manuscript implies: that the work described has not been published before (excepting as an abstract or
as part of a published lecture or thesis) that it is not under consideration for publication elsewhere.

1. REGULAR ARTICLES

e Manuscripts should be concise, in 1.15 line spacing, and should have 2 cm all over margins. The font should be
Arial 10 pt. Ensure that each new paragraph is clearly indicated, using TAB at 1 cm.

o Title will be Arial 12 pt. and explicit figures will be Arial 9 pt.

e Text will be written in English.

e Chapters’ titles are written by Arial 10 pt, Bold, Uppercase (e.g. INTRODUCTION, MATERIAL AND METHODS),

between chapters is left a space for 10 pt. At the beginning of each paragraph, TAB of 1 cm.

The paper body will be written in Arial 10 pt., Justify alignment.

TITLE Arial 12 pt., Uppercase, Bold, Center (in English language) and Bold Italic (in native language).
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AUTHORS ARIAL 9, Bold, Centre alignment

Under the paper's title, after a space (enter) 9 pt., write authors' names and affiliations (Arial 8 pt.-Regular)

When the paper has more than one author, their name will be followed by a mark (Arabic numeral) as superscript if
their affiliation is different. Less than 6 authors.

Corresponding author’s name (next row), (Arial 8 pt.). Should be added also: phone, fax and e-mail information, for the
paper corresponding author (font: 8 pt., Italic).

KEYWORDS (In English) about 4 to 7 words that will provide indexing references should be listed (title: Arial 10pt,
bold italic, text Arial 10 pt., italic).

A list of non-standard Abbreviations should be added. In general, non-standard abbreviations should be used only

when the full term is very long and used often. Each abbreviation should be spelled out and introduced in parentheses
the first time it is used in the text. Standard abbreviations (such as ATP and DNA) need not to be defined.
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ABSTRACT (in English and Native language, Arial 10 pt.), the title bold; the text of abstract: italic) should be
informative and completely self-explanatory, briefly present the topic, state the scope of the experiments, indicate
significant data, and point out major findings and conclusions. The Abstract should be max.250 words. Complete
sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense.
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited.
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findings in the authors' experiments. Results should be explained, but largely, without referring to the literature.
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section. Do not include citations in this section.

Formulae, symbols and abbreviations: Formulae will be typeset in Italics (preferable with the Equation Editor of
Microsoft Office 2003) and should be written or marked as such in the manuscript, unless they require a different
styling. They should be referred to in the text as Equation (4) or e.g. (4). The formulae should be numbered on the right
side, between brackets (Arial 10 pt.):
P=F-v 1)

Terms of the equation and the unit measure should be explained, e.g.

P is the power, [W];

F — force, [N];

v — speed, [m/s]
S| units must be used throughout.

Tables should be self-explanatory without reference to the text. The details of the methods used in the experiments
should preferably be described in the legend instead of in the text. The same data should not be presented both in table
and graph form or repeated in the text.
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ACKNOWLEDGMENTS (Arial 10 pt.) of people, grants, funds etc should be brief (if necessarily).
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full name of the conference/symposium (Italic), volume number, publisher, place, ISSN, page numbers

[1] Bungescu S., Stahli W., Biris S., Vladut V.,Imbrea F., Petroman C., (2009), Cosmos program used for the strength
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Dissertation / Thesis:Names and initials of authors, year (between brackets), full name of the thesis (lItalic),
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[1] Popa L., (2004), Research on the influence of structural and functional parameters of the braking system on the
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University of Brasov, Brasov / Romania.

Patents: Names and initials of authors, year (between brackets), patent title (Italic), patent number, country:

[1] Grant P., (1989), Device for Elementary Analyses. Patent, N0.123456, USA.
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[1] *** EC Directive, (2000), Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000,
on the incineration of waste, Annex V, Official Journal of the European Communities, L332/91, 28.12.2000,
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title of the documents are known and the reference is taken from a website, the URL address has to be mentioned after
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The title of the book, journal and conference must be written in Italic, the title of the article, chapter of the book, must be
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Do not cite
references in the abstract and conclusions. Unpublished results, personal communications as well as URL addresses
are not recommended in the references list.

Making personal quotations (one, at most) should not be allowed, unless the paper proposed to be published is a
sequel of the cited paper. Articles in preparation or articles submitted for publication, unpublished, personal
communications etc. should not be included in the references list.

Citations style
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- three_or_more authors: first author's name followed by "et al." and the year of publication: “As has recently been
shown (Werner et al., 2005; Kramer et al., 2000) have recently shown ...."

Citations of groups of references should be listed first alphabetically, then chronologically.

Units, Abbreviations, Acronyms
= Units should be metric, generally SI, and expressed in standard abbreviated form.
= Acronyms may be acceptable, but must be defined at first usage.
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