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Methods of Applying Fertilizers in Precision Agriculture

Gennady I. Lichman, Sergey A. Belykh,
Dr.Sc.(Eng.), chief research associate, Ph.D.(Eng.), senior research associate;
e-mail: litchmangiv@yandex.ru; Aleksey N. Marchenko,

senior research associate
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. It is impossible to achieve the planned yields, product quality, and economic efficiency in agricultural production
using only organic fertilizers. joint application of organic and solid mineral fertilizers solves the problem of replenishing
the soil content of nitrogen, phosphorus and other elements used by plants. The authors have carried out the research of
new methods of variable-rate application of mineral fertilizers in plant growing, allowing to increase the profitability of
agricultural production. (Research purpose) is to develop new methods of variable-rate application of mineral fertilizers
in crop production, which will allow increasing the profitability of crop production as compared with the conventional
methods of applying fertilizers basing on average field indicators. (Materials and methods) The authors have developed
a calculation technique implemented in the VBA Excel computer program for determining the main indicators: gross
output, fertilizer saving, profit, etc. The main variable to change in the calculations is the planned yield based on average
field parameters. At the end of the calculation process, the values of the best result for gross harvest output and profit are
displayed on the screen. The research objects for the calculation were represented by elementary areas of crop areas of
three farms Prodresurs, Agropoligon VIUA, and Murminskoye with different soil types: chernozem, loamy, and sandy-
loam. (Results and discussion) The method of proportional variable-rate application of fertilizers on three types of soils
gives a stable increase in profit as compared with the application of fertilizers basing on the average field indicators.
(Conclusions) Calculations have shown that under the specified conditions and at the equal yield of 30 c/ha the application
of organomineral fertilizers is the most effective, profitability has accounted for 40 percents — on mesopodzol sandy-loam
soils; 8.7 percents — on sod-podzolic soils; and 1.3 percents — on black soils. The method of proportional variable-rate
application of mineral fertilizers accompanied with variable-rate application of organic fertilizers makes it possible to
reduce the amount of mineral fertilizers applied by half.

Keywords: variable-rate application of fertilizers, planned yield, gross harvest output, production processes.

I For citation: Lichman G.I., Belykh S.A., Marchenko A.N. Methods of applying fertilizers in precision
agriculture. Sel’skokhozyaistvennye machiny i tekhnologii. 2018. 12(4): 4-9. DOI 10.22314/2073-7599-2018-12-4-
4-9. (In Russian)

odern agricultural technologies consist of
M complex technological operations for managing

farm crop production processes to achieve
the planned yields, product quality, economic efficiency
and environmental safety.

The use of only organic fertilizers contributes to
the production of environmentally friendly products,
but does not satisfy the emerging need in nutrients for
plants. Joint local application of organic and solid
mineral fertilizers helps to solve the problem of efficient
use of resource-saving elements of precision farming
technologies with obtaining a positive economic effect
[5, 7]. To increase the soil fertility and ensure its
conservation, it is necessary to introduce manure in
rates inversely proportional to the content of soil
nutrients or basing on the calculation of the planned
yields in separate plots; to obtain an economic effect,

mineral fertilizers should be introduced in proportion
to the indicators of the natural soil fertility.

THE RESEARCH PURPOSE is to study new methods of
differentiated application of mineral fertilizers in crop
production, which allow increasing profit from crop
production as compared with average field input rates
and [1-3]:

- proportional variable-rate application of solid
mineral fertilizers;

- variable-rate application of solid mineral fertilizers
taking into account three statistical intervals of soil
nitrogen values as compared with other methods;

- introducing fertilizers according to average field
indicators basing on the planned yield;

- variable-rate application of mineral fertilizers in
separate areas basing on the planned yield; the total
amount of nitrogen introduced should be equal to the
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amount of nitrogen introduced according the average
field indicators.

MAaTERIALS AND METHODS. The authors have applied
amethod of calculating the introduced fertilizers taking
account of three statistical intervals of soil nitrogen
values (the method is described in the report «The
program for determining optimal fertilizer rates taking
into account the statistical parameters of soil nitrogen»
in the proceedings of the International Scientific and
Technical Conference «Intellectual machine technologies
and technology for the implementation of the State
Program for the Development of Agriculture» held in
Moscow on September 15-16, 2015). The calculation
methodology implemented in the computer program
VBAEZxcel is developed to determine such main
indicators as gross yield, fertilizer saving, profit, etc.
[4-71.

The main variable in the calculations is the planned
yield based on the average field indicators. Since the
planned yields were calculated for nitrogen, a three-
component ammonium nitrate phosphate fertilizer
was used to compensate for the lack of nitrogen,
potassium and phosphorus in soil [8, 9].

To determine the rate of nitrogen application, the
proportionality factor for the fertilizers applied (KITP)
is used for the planned yield:

_ Y
K =~ M
where Vi — the planned yield;
Vi — planned yield based on the average field
parameters without applying fertilizers.
The planned yield for separate plots is calculated
using the formula:

Vimgs = Kp - Venyw @
where Vi, — the yield of Nth site without applying
fertilizers.

In the program, the following agrochemical parameters
of the plots were used as initial data: acidity, phosphorus,
potassium, according to which the fertilization rates
were calculated.

Input data for calculations:

- organic fertilizers — manure content of 0.5%;

- mineral fertilizers —ammonium nitrate phosphate
fertilizer (16% of nitrogen);

- the crop — winter wheat;

- the price of gross harvest — 12,500 rubles per ton;

- manure price — 475 rubles per ton;

- the price of mineral fertilizers — 25.8 rubles/kg;

- fuel price — 50 rubles per liter;

- fuel consumption — 50 I/ha;

- costs of obtaining information — 14,000 rubles/ha;

- costs of purchasing a GPS navigator for parallel
driving — 140,000 rubles;

- costs of purchasing dosing devices with a controller —
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300,000 rubles;

Calculations were carried out for field sections with
a total area of 100 ha.

The following indicators were determined:

- planned yield based on the average field indicators,
c/ha;

- an average yield per a plot, c/ha;

- arate of nitrogen application in the active substance
basing on average field parameters, kg/ha;

- an average rate of nitrogen application in the active
substance in separate plots, kg/ha;

- the maximum rate of nitrogen application in the
active substance in separate plots, kg/ha;

- the content of nitrogen in soil based on the average
field parameters, mg/kg;

- planned yield based on the average nitrogen content
in soil, t/ha;

- gross output, %;

- saved fertilizers, %;

- profit, %o,

- profit per unit area according to average field
indicators, thousand rubles / ha;

- average profit for separate plots, thousand rubles/ha;

- excess profit per total area, thousand rubles/ha.

Formulas for calculating profit basing on the average
field indicators:

100
Iy =1,V Sy = Dy S I
%
_llropPropSH _3HH(1)SH _Unp _HKOHTp > (3)

for separate plots:
100

N

qu = Z(uyp yiyl{Sin_DiBqu Hy;l Siyl{ T

i=1 A%

- HropPropSiyq - 3)1/11-1(1)Siyq )_ an - onm'p 5 (4)
where IT, — profit based on the average field indicators,
rub.;

11, — profits from separate plots, rub.;

1], — the price of grain, rub./t;

1], — the price of nitrogen fertilizers, rub./kg;

A% — nitrogen content in the ammonium nitrate
phosphate fertilizer;

1., — the price of fuel, rub/l;

P,,, — fuel consumption, 1/ha;

3¢ — the costs of obtaining information, rub./ha;

1], — the price of a GPS-navigator, rub.;

I urp — the price of a controller, rub.;

V.x — yield on soil nitrogen, t / ha;

S, — the field area, ha;

Sy« — the plot area, ha.

According to the acidity index of the plot (field),
we can calculate nitrogen content in soil [7, 8]:

In(Vyy1)=4,9801-In( pH)~ 6,713, )

According to the soil nitrogen and the amount of
nitrogen fertilizers introduced, we can determine the
yield:



In(Yyg)=In(Nyyl 5+N, 5.2)1,47454 ~1,385487, (6)

where ¥V — planned yield based on soil nitrogen
expressed through soil acidity;

N,u —nitrogen content in soil expressed through
soil acidity;

N3, — active substance introduced with mineral
nitrogen.

In the program, the input data is a variable parameter.
At the end of the calculation, the values of the best result
for gross harvest and profit are displayed on the screen.
The form of the software interface is shown in Fig. 1.

The objects of research and calculation were elementary
plots of crop areas of three farm enterprises — Prodresurs,
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Fig. 1. Type of software interfrace
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Agropoligon VIUA, and Murminskoye with different
types of soil: chernozem, sod-podzolic loamy soil, and
medium podzolic sandy loam soil.

The Prodresurs farm enterprise. The soil type is
chernozem. The field area is 28 hectares. 56 plots.
Average soil indicators: humus 6.4%; pH 6.3; phosphorus
9.5 mg/100 g; potassium 9.3 mg/100 g. All plots have
an optimal and high content of soil nitrogen.

The Agropoligon of the Department of Long Field
Experiments at VNIIA. The soil type is sod-podzolic
loamy. The field area is 0,4 hectares. 400 plots. Average
agrochemical indicators: humus 1.95%; pH 5.9; phosphorus
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18.3 mg/100 g; Potassium 14.5 mg/100 g. All plots are
divided according to the content of soil nitrogen into
areas with a low, optimal and higher content.

The Murminskoye farm enterprise. The soil type is
medium podzolic sandy loamy. The field area is 1832
hectares, 268 plots. Average agrochemical indicators:
humus 1.1%; pH 5.5; phosphorus 19.1 mg/100 g; Potassium
8.1 mg/100 g. Half of the plots are characterized with
low content of soil nitrogen.

REesuLTs AND pDiscussIoN. Tab. 1-3 show the calculations
of gross harvest, profit, average and maximum fertilizer
application per hectare, depending on the application
method.

The Prodresurs farm enterprise. The calculations
are based on the yield of 24.08 c/ha counted proceeding
from the average field indicators. From Tab. I it can
be seen that a variable-rate application of fertilizers
for the planned yield, we have an increase in the average
and maximum fertilizer application per hectare.

Agropoligon VNIIA. In Tab. 2, the yields were
calculated basing on the average field indicators of
23.9 c/ha.

The Murminskoye farm enterprise. In Tab. 3, the
yields of 24 c/ha were calculated basing on the average
field indicators.

With the uniform fertilizer application rate, the
profit is obtained by means of increasing the gross
harvest. With a variable-rate application for the planned
yield, the average application of fertilizers is greater,
because the gross harvest should be less than the
planned yield. A comparison of the profit amounts for
the three soil types in four ways is shown in Fig. 2.

From Fig. 2 it follows that with a variable-rate
application of fertilizers, taking into account the three
statistical intervals of soil nitrogen values and proportional
variable-rate application, the profit obtained is
approximately the same; proportional variable-rate
application of fertilizers on three soil types gives a
stable excess of profit as compared with the application
of fertilizers according to the average field indicators.
Further, this method is used for joint application of
mineral fertilizers and manure.

In proportional variable-rate application of mineral

Table 1

CALCULATIONS OF GROSS HARVEST, PROFIT, AVERAGE AND MAXIMUM APPLICATION OF FERTILIZERS
Method of applying fertilizers Gross harvest, Profit, Average application M?)’f(if';l:ﬁrﬁfg,ses
centner/ha ths. rub. of fertilizers, kg/ha application, kg/ha
Application of fertilizers on average values of the field 24.8 7.34 11.55 11.55
}IZ::il'f('i:Srentlated application of fertilizers to the planned 24.08 6.92 14.14 40.38
Proportional-differentiated application of fertilizers 24.31 7.63 11.55 16.26
The differentiated application of fertilizers to three
statistical intervals of soil nitrogen el o e e
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Fig. 2. Comparison of profits on three types of soils in four ways

VNIIA;

- 2.8 thousand rub./ha (or 40.6%) for the Murminskoye
farm enterprise.

ConcLusioNn. Calculations have shown that the
application of organic and mineral fertilizers is most
effective on medium podzolic sandy loamy soils, in
this case the profit was 40.6%, with the application of
nitrogen in the amount of 63 kg a.m./ha basing on the
average field indicators. On sod-podzolic soils, the
percentage of profit was equal to 8.7%, when nitrogen
was applied in the amount of 51 kg a.m./ha basing on
the average field parameters. On chernozems, the
amount of profit is the smallest (1.3%), with the introduction

Table 2
CALCULATIONS OF GROSS HARVEST, PROFIT, AVERAGE AND MAXIMUM APPLICATION OF FERTILIZERS
Method of applying fertilizers Gross harvest, Profit, Average application M?:ififlg::lillli;l;ses
centner/ha ths. rub. of fertilizers, kg/ha application, kg/ha

Application of fertilizers on average values of the field 23.98 3.84 23.98 23.98
}],)igfie;entlated application of fertilizers to the planned 23.98 369 33.42 99.90
Proportional-differentiated application of fertilizers 24.06 5.14 32.72 63.95
The.di'fferc?ntiated appliqatipn of fertilizers to three 2504 515 350 5678
statistical intervals of soil nitrogen

Table 3

CALCULATIONS OF GROSS HARVEST, PROFIT, AVERAGE AND MAXIMUM APPLICATION OF FERTILIZERS

Method of applying fertilizers Gross harvest, Profit, Average application M?:fdfl:;li']lig;ses
centner/ha ths. rub. of fertilizers, kg/ha application, kg/ha
Application of fertilizers on average values of the field 24.06 6.09 44.67 44.67
}]’)igit(‘iesrentmted application of fertilizers to the planned 24.06 5.53 48.41 96.17
Proportional-differentiated application of fertilizers 27.60 10.16 44.67 129.24
The differentiated application of fertilizers to three 2735 9.52 4476 90 40
statistical intervals of soil nitrogen

fertilizers together with variable-rate application of
manure for the planned yield, the nitrogen rates are
halved so that the total amount of nitrogen added is
equal to the total amount of nitrogen introduced basing
on the average field indicators. The amount of applied
organic and mineral fertilizers was calculated for the
planned yield of 30.5 c¢/ha [9, 10].

The profit accounted for:

- 0.17 thousand rub./ha (or 1.36%) for the Prodresurs
farm enterprise;

- 1.56 thousand rub./ha (or 8,7%) for the Agropoligone

of nitrogen in the amount of 29 kg a.m./ha basing on
the average field parameters.

Among numerous calculations kept in the database
there are also less profitable options. The method of
complex joint variable-rate application of mineral and
organic fertilizers for all three types of soils: (black
earth, sod-podzolic loamy, and medium podzolic sandy
loam) allows to reduce the amount of solid mineral
fertilizers by half, increase the gross harvest output
and obtain a positive economic effect.
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Determining the Range of Combine Harvesters Used
in Kazakhstan Regions
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Abstract. The fleet of combine harvesters in the Republic of Kazakhstan consists of 3-, 4-, 5- and 6-class harvesters, and
3- and 4- class harvesters make up for almost 82 percents of the fleet. According to the data provided by the Kazakhstan
Ministry of Agriculture, 60 percents of grain harvesters have a lifespan of more than 10 years. (Research purpose) To
determine the range of grain harvesters and headers for Kazakhstan regions in view of ongoing technical re-equipment.
(Materials and methods) The range of grain harvesters should be determined according to the yield of harvested crops, the
size of crop area on separate farms and in the region, the availability of machine operators as well as climatic conditions
of the regions. (Results and discussions). The authors have analyzed the actual yield of grain crops in Kazakhstan regions,
determined its possible expected level, and analyzed the number of machine operators required for available crop area, the
number of small, medium and large-scale farms and climatic conditions during the harvest period in Kazakhstan regions.
The efficiency of harvesters of different classes with headers of various operating width has been estimated taking into
account the expected yield. Matching the obtained results to the yield data, organizational-and-economic and climatic
conditions, and introducing appropriate limits, the authors have determined the range of grain harvesters for Kazakhstan
regions. (Summary) It has been found that the harvesters of class 5, 6 and 4 are more effective under conditions of northern
and central Kazakhstan regions provided they are equipped with wide-cut headers for direct harvesting. In southern,
western and eastern Kazakhstan regions, where grain crops are cultivated on dry soils with an insufficient moisture content,
combine harvesters of class 3 and 4 should be primarily used.
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he fleet of grain combine harvesters in the

I Republic of Kazakhstan is represented by
combine harvesters of class 3-6. According to

the Ministry of Agriculture of the Republic of Kazakhstan
as 0f 01.01.2015, there are 44.3 thousand grain combine
harvesters currently available in the republic, including
18.7 thousand (42%) Enisey 1200 and Yenisei-950
Ruslan, 15 thousand (34%) — SK- 5A Niva, 2,5 thousand
(5,7%) — Vektor, 1 thousand (2,2%) - Don-1500. Combines
produced by far abroad manufacturers — 4.6 thousand
available in 10 different brands. Thus, almost 82% of
the fleet consists of combine harvesters of class 3 and
4. The fleet of grain harvesting equipment is mainly
represented by combines coming from the following
countries: Russian Federation (Rostselkhozmash,
Krasnoyarsk Combine Plant, Promtraktor); the Republic
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of Belarus (Gomselmash, Agropromtehnika); the
Republic of Kazakhstan (Agromashholding); USA
(JohnDeere, Challenger, MasseyFerquson, Case,
NewHolland), Germany (Class, DeutzFahr, Fend); Italy
(Laverda); Finland (Sampo). According to the Kazakhstan
Ministry of Agriculture, 60% of combine harvesters
have a service life of more than 10 years, so the issue
of technical re-equipment of the fleet of grain combine
harvesters is very relevant. As organizational and
economic conditions in the regions of Kazakhstan
have changed significantly in recent years due to an
increase in the share of peasant farms and the growing
demand for machine operators, this issue cannot be
solved by automatically replacing old harvesters with
new ones of the same class.

THE PURPOSE OF THE PRESENT RESEARCH is to determine



the type of combine harvesters and headers in Kazakhstan
regions in connection with the ongoing technical re-
equipment.

MaterIALS AND METHODS. The determination of the
range of combine harvester classes is made taking into
account the yield amount of the harvested crops, the
acreage of farms and in the region, the availability of
machine operators, and weather conditions in separate
regions [1-5]. When determining the range of combine
harvesters, we have proceeded from the following
methodological assumptions:

-inregions with high yield and a shortage of machine
operators, higher-class combine harvesters should be
used;

- the reduction in the crop area in farms leads to a
reduction in seasonal load on combines and, as a result,
a decrease in the class of a combine harvester used;

- in regions with high probability of precipitation,
it is advisable to use combine harvesters with higher
productivity to avoid produce losses due to unfavorable
weather conditions;

- in regions with an average amount of yield, the
full-load performance of a high-capacity combine
harvester can be ensured by the use of wide-cut reapers
and cutting headers, as well as for separate harvesting
with picking up double swaths.

The productivity of a combine harvester of direct
action is basically determined as follows: the width of
the harvesting unit and the combine travel speed. The
combine travel speed is subject to the full load of its

thresher, was determined basing on the condition:
36
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where V' is the combine travel speed, km/h;

Vy—allowable travel speed of combine harvester of
class 3-6, km/h;

g3 —zonal throughput capacity of grain mass at the
grain weight-to-straw ratio 1:1.2, kg/s;

B —header width, m;

Y - yield of grain mass, t/ha.

The amount of threshing unit load for zonal grain
yield has been determined using the formula:

C, = B3V6y3 (1+ay)100%,

3
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where C; is the threshing unit load;

a4 1s the straw content of grain mass (the straw-to-
grain mass ratio), o = 1.2;

V; — grain yield in zonal conditions, t/ha.

The cutting width of headers needed to increase
the loading of grain harvesters by the throughput
capacity for zonal grain yield has been determined
from the condition:

364,
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where [B] is the maximum possible cutting width of
headers and cutting reapers to be attached with combine
harvesters of class 3-6.

REsuLTs AND DIscussioN. Basing on the analysis of
the yield level, organizational-economic and weather
conditions in the regions of the Republic of Kazakhstan,
we have determined a promising range of combine
harvesters and headers by their classes for grain
harvesting in Kazakhstan.

Combine harvesters are classified according to
the throughput capacity (kg/s) as follows [6, 7]:

- Class 1 with a throughput capacity of 0.5-1.5 kg/s
- selection combine harvesters;

- Class 2 with a throughput capacity of 2.5-3 kg/s,
for small farms with an area of 70-100 hectares;

- Class 3 with a throughput capacity of 5.5-6 kg/s,
for operating in fields with a yield of less than 25 c/ha;

- Class 4 with a throughput capacity of 7-8 kg/s, for
operating in fields with a yield of 25-40 c/ha;

- Class 5 with a throughput capacity of 9-10 kg/s,
for operating in fields with a yield of 40-55 c/ha;

- Class 6 with a throughput capacity of 11-12 kg/s,
for operating in fields with a yield of 50-60 c/ha;

- Class 7 with a throughput capacity of 12-14 kg/s,
for operating in fields with a yield of 60-100 c/ha.

Table 1

\WHEAT YIELD IN SEPARATE REGIONS OF THE REPUBLIC OF KAZAKHSTAN
Average wheat yield, | Maximum wheat
Region c/ha yield, c/ha
actual | potential | actual | potential
Southern 16.5 20.6 20.9 25.0
Eastern 12.3 15.4 14.2 18.0
Western 5.6 7.0 8.4 10.0
Northern 10.6 13.5 15.3 19.0
Central 10.5 13.1 11.0 14.0

Table 1 shows the wheat yield differentiated by
Kazakhstan regions, and the average wheat yield
obtained over a period of five years (2009-2014) for the
country is 11.5 c/ha.

The average and maximum wheat yield obtained
over a period of five years is the largest in the southern
region, which is mainly due to the presence of irrigated
land there, where winter wheat is cultivated and the
yield is 40 c/ha and higher. However, the cultivation
of winter wheat on irrigated land has been declining
in the southern region in recent years, as priorities have
been given to other crops. It should be noted that grain
combine harvesters are used to harvest rice in the
republic, the yield of which in yielding years is 45 c/ha
or higher, and corn to be used for grain seed production,
the average yield of which is 45 c¢/ha, and the maximum
yield is 70 c/ha. To harvest these crops, high capacity
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combines of class 5 and 6 are required. According to
the Kazakhstan Ministry of Agriculture, due to worn-
out equipment, the loss of yield is currently estimated
at 25%, as minimum. The range of combine harvesters
can be determined taking into account a possibility of
obtaining expected yields without planning for these
losses.

Table 2

CROP AREAS IN SEPARATE REGIONS OF THE REPUBLIC OF KAZAKHSTAN
Region Crop area
thousand ha %

Southern 2528 11.6

Eastern 1358 6.3

Western 1105 5.1
Northern 15521 71.8

Central 1119 5.2

Table 2 shows the size of crop areas in separate
regions of the Republic of Kazakhstan.

The largest share of crop areas belongs to the
northern region. This region is characterized by the
presence of farms of various categories (family farms,
medium and large farm enterprises) with crop areas
of 300-3000 ha; 3000-10000; and more than 10000
hectares, respectively. Moreover, large and medium-
size farms in the region account for more than 20%
and operate 71% of the crop area. The beginning of
the harvest period (the third decade of August) is
usually dry, but in September, as a rule, it begins to
rain.

In the eastern and southern regions there is an
overwhelming majority (more than 90%) of small farms
with a crop area amounting to 25-500 hectares. The
sizes of agricultural enterprises of these regions range
from 130 to 7000 hectares [8]. In the central region, as
well as in the north, large and medium-size agricultural
enterprises are more typical, and in the western part,
small farms account for the largest part (over 80%).
Autumn in the southern, central and western regions
is usually dry.

The structure of the combine harvester fleet in the
republic is comprised of combines of class 3 — 77.6%;
class 4 — 11.2%; class 5 — 7,8%, and class 6 — 3,4%.
However, the distribution by regions is not equal. So,
in the southern region, combine harvesters of class 3
make up for 90.6%; class 4 — 4.4%; class 5 — 3%; class
6 — 2%. In the northern region, combines of class 3
make up for 70.7%, class 4 — 14.6%; class 5—8.2%, class
6—5.8%.

Thus, in the northern region with the largest grain
areas of relatively high yields, the share of high-
performance combines of class 4, 5 and 6 is about 30%,
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while in the southern region — 9.4%, and in the whole
in the republic — 22.4%. The increase in the share of
high-class combines in the northern region is due to
the limited periods of favorable weather in the autumn
period and the strive of agricultural producers to
maximize the productivity of machines in the harvesting
process accompanied by a shortage of machine operators.

Our task is to determine the productivity and the
degree of loading of threshing unit of different combine
classes with different grain yields. The recommended
travel speed of a direct combining harvester is 4-8 km/h
[9, 10]. However, according to the test results of combine
harvesters of class 3-6 in the KazNIIMESKH in the
conditions of Kazakhstan regions at low grain yields
for 3-4 class harvesters V, <8 km/h, for 5 class combi-
nes ;<9 km/h and for 6 class combine harvesters —
V, <10 km/h.

Combine harvesters of class 3-4 are not fully loaded
in harvesting at yields of 12 c/ha (Table 3). To increase
their loading, it is necessary to use headers with a larger
operating width. However, wide-cutting headers can
be effectively used in steppe areas, but in foothill areas
their use disrupts the movement stability of the harvester.
The use of an ACROS-530 5-class harvester with a
harvesting width (B) of 11 m for grain harvesting at
yields of 12, 15 and 17 c/ha in the northern region of
the Republic makes it possible to increase the actual
feed (and productivity) by 1.7-2.5 times, as compared
with 3-class harvesters. At the same time, the average
load of the threshing unit in 5-class harvester is 64%
atayield of 12 c¢/ha, 80% at a yield of 15 c/ha, and 80%
at a yield of 17 c/ha. In the first case, the combine
harvester is underloaded by about a third, and in the
latter case it is loaded almost completely. With the use
of combine harvesters of 6 class with a cutting width
of 12 m, the specific (per hectare) performance is even
higher, as these combines operate at a yield of 12-17 ¢/ha
with permissible losses at speeds of up to 10 km/h.
Thus, the use of 6-class harvesters with wide-cutting
headers can raise specific (per hectare) performance
in grain harvesting at a yield of 12-17 c/ha as compared
with 3- and 4-class harvesters.

The conformity of the harvesting width to the type
of combine harvesters has been determined by Formula 3.
At present, the harvesting width of direct combining
headers attached to combine harvesters of class 3 is
5-6 m; class 4 — 6-9 m; class 5 — 6-12 m; and class 6 —
9-12 m. To increase the load of the thresher and the
harvesting efficiency of the combine harvesters of class
3,4, 5and 6, the harvesting width of a direct combining
harvester must be increased to the upper limits in all
Kazakhstan regions, except for foothill areas and
watered fields.

The performed analysis, as well as the experience
of advanced farms in the northern region, which is the
main grain production area, has made it possible to
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Table 3
PERFORMANCE OF COMBINE HARVESTERS PER 1 HOUR OF OPERATION DEPENDING
ON WORK LOAD IN HARVESTING GRAIN CROPS OF DIFFERENT YIELD LEVEL
Initial conditions
Harvester class and make Grain Thresher | Working ] Actual .
yield, capacity, width, Vilzlc,ilty’ feeding E‘;&dl;g
ql/ha kgls m rate, kg/s b7C

SK-5M-1 “Niva” 12 5.5 6 8 4.8 64

- SK-SME-1 “Niva-Eff.” 15 5.5 6 8 4.8 80
§ 17 5.5 5 8 4.0 91
= 20 5.5 5 7 35 93
Enisey-1200-INM 12 6.3 7 8 5.6 65

15 6.3 7 8 5.6 81

“ ” 12 8 7 8 5.6 51

. RSM-101 “Vektor 15 ] 7 ] 56 64
g 17 8 7 8 56 73
S 12 8 9 8 7.2 66
~ Palesse GS 07 (KZS-7) 15 ] 9 8 72 83
17 8 9 8 7.2 93

2 12 10 11 8 8.8 65
3 15 10 11 8 8.8 81
S | ACROS-330 17 10 1 8 8.8 83
40 10 6 6.1 3.7 90

2 12 12 12 10 12.0 63
S 15 12 12 10 12.0 92
E Palesse GS 12 (KZS-1218) 7 12 12 9 108 23
40 12 6 8 4,8 88

identify a promising type of combine harvesters in the
Republic: combine harvesters of class 4, 5 and 6 (Table 4).

Table 4

PERSPECTIVE RANGE OF GRAIN COMBINE HARVESTERS
Regions “

g 5
25 Ze
€8 5 g = £ = = 2
87 = = =] 2 2 N
o2 = = = 17 7] S«

= 8 2 3 g z <

_g = @ @ = ._

S

=
3 - + + + + +
4 + + + + + +
5 + + + + + +
6 + + + — — +

In the southern region, where winter wheat, rice,
and maize are cultivated on irrigated lands to obtain
high-yield grain, combine harvesters of class 5 and 6
will be effectively used (Table 4).

However, due to a large share of small farms, the
combine harvester range will be basically made up of
3-class harvesters. In the western and eastern regions
of the Republic, where grain crops are cultivated on
rainfed lands with moisture deficiency, it is preferable
to use 3- and 4-class harvesters. This is due to a large
share of small farms, as well as low grain yields (the
western region). Combine harvesters of a higher class
are advisable to apply in the central and western regions

in large and medium-sized agricultural enterprises
that are characterized with a shortage of machine
operators, and in the eastern region that feature high
grain yields. Thus, in the northern region, where grain
crop yields are higher and the share of large and medium-
size farms is large with a pronounced shortage of
machine operators, combine harvesters of class 5 and
6 are the most effective solution, provided they are
equipped with wide-cut headers for direct and separate
harvesting. On smaller farms, 4-class combines can
also be used if equipped with wide-cut headers. Calculations
have shown that when switching to a promising type
of combine harvesters and headers and operating the
required number of these machines, it is possible to
ensure the harvesting operations to be done in the
required periods.

ConcLusIoNs

1. It has been established that in the conditions of
the main grain producing (northern and central) regions
of Kazakhstan, characterized by a significant share
of large and medium-size farms with a pronounced
shortage of machine operators, combine harvesters of
class 5, 6 and 4 are the most effective solutions if they
are equipped with wide-cut headers for direct and
separate harvesting.

2. In the southern region, due to a large share of
small farms, the combine harvester range will be made
up of 3-class harvesters. Harvesters of class 5 and 6
can be used in areas, where winter wheat, rice, and
corn for grain with high yields are cultivated in irrigated
fields.
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3. In the western and eastern regions of the Republic,
where grain crops are cultivated on rainfed lands with
a moisture deficit, 3- and 4-class harvesters are

Hﬁ NEW MACHINERY AND TECHOLOGIES

predominantly used. This is due to a large share of
small farms and low grain yields (the western region).
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Abstract. The use of fractional technologies for post-harvest treatment and processing of grain heap delivered from field with
further special purpose use of grain fractions leads to a significant increase in grain production efficiency. (Research purpose)
Developing a fractional technology for post-harvest treatment and processing of grain with crushing and preservation of
feed grain fraction and designing a technological line and machines for it. (Materials and methods) The authors have analyzed
the technological level and developed a fractional technology for grain post-harvest treatment and processing by crushing
with subsequent preservation of the feed grain fraction. They have offered a technological line and presented the design
and technological parameters of the corresponding technical means (M3VY-20/] - grain cleaning universal machine, MI1O-
30A® - preliminary grain cleaning machine with fractionation, I13[1-3,1, I13/1-10 — two-stage grain crusher). (Results and
discussion) The authors have designed, manufactured and tested a universal grain-cleaning machine M3V-20/]. It efficiently
cleans grain material coming from the field after its threshing by combine harvesters, and divides it into fractions: seed and
feed grain — 60-70 percent, waste material - up to 10 percent, grain fodder - up to 40 percent. Further on, the grain is sent
for crushing (for wet grain), followed by preservation and hermetic storage of the products obtained before their feeding
to animals. Tests have shown that the developed feed preparation machine efficiently performs the technological process.
The authors have developed a two-stage grain crusher (I13/1-3,1), performing the crushing of grain material in two stages
by three rollers, followed by preservation (for wet grain) of the feed grain fraction. (Conclusions) It has been established
that the use of the new fractional technology and equipment contributes to an increase in grain cleaning productivity by
30-40 percent, and the estimated annual economic effect of the renovation is 400,000 rubles. The estimated annual economic
effect of the use of the two-stage grain crusher (IT3/1-3,1) has proved to be more than 60 thousand rubles, and the level of
production intensification has increased by 26 percent as compared to the MURSKA crusher produced in Finland.
Keywords: grain, fractionation, technology, preservation, foreign matter, crushing, cleaning.

I For citation: Savinykh P.A., Sychugov Yu.V.,, Kazakov V.A. Fractional technology and tools for grain post-
harvest treatment and processing with crushing. Sel’skokhozyaistvennye machiny i tekhnologii. 2018. 12(4):
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processing (or a technology for the special-

purpose (targeted) use of products) of a grain
heap coming from the field after combine harvesting
to post-harvest grain processing stations with further
targeted use of grain fractions and the production of
finished products from them contributes to a significant
increase in the efficiency of the entire grain production
sector. In this respect, the reconstruction of grain
cleaning and drying facilities, their technological lines
and corresponding technical means is one of the
important tasks of farm production modernization.
To solve this problem, the designers of FASC together
with those from North-East Farming Research Institute
have been developing new technologies and technological
lines, for example, fractional technology of post-harvest
grain processing and technology for processing feed

The use of fractional technology for post-harvest

grain for the production of final products (ready-made
animal feed) — crushed preserved wet grain, as well as
technical means for the implementation of these
processes - fractional grain cleaning machines and a
grain crusher.

THE sTuDY PURPOSE is the development of fractional
technology for crushing and preserving of feed grain,
the technological line and technical means for its
implementation; development of a machine for grain
material fractionation with its cleaning from impurities
and a two-stage conditioner for dry and wet grain.

MATERIALS AND METHODS. Existing stations and
facilities of post-harvest grain processing do not provide
the required deep processing, which is necessary in
particular for the production of concentrated (grain)
feeds for livestock that are directly suitable for feeding
[1,2]. In FASC North-East, a constructive technological
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scheme for fractional processing and treatment of grain
material (heap) has been developed, with the feed
fraction being separated and its subsequent crushing
and preserving (Fig. 1) [3-5]. It operates as follows. The
grain heap is fed from a pit (35) or an air duct into the
grain pre-treatment machine (MITO), where it is cleaned
from impurities by the air flow and on the grate mills,
and is also divided into the main (seed and food grains,
60-70%), feed fraction (up to 40%) and waste material
(5%). The main fraction — pure grain - is transported
through grain lines to the hopper of the wet grain
storage (BPB3), where it is further processed with
common technologies. The cleaned feed fraction is fed
to the wet feed grain hopper (bB®3).

Fig. 1. Scheme of fractional technology of grain processing with

its subsequent crushing.: 35 — dammed pit; MIIO — grain cleaning
machine; CC3, C®3 — grain driers; Mlo, M20 — dry grain
cleaning machines; I13 — grain crusher; K3 — grain preservation,
BbHO, FPB3, FPC3, F®, K43, FC3, FII3, FHK3 — grain
hoppers; XKII3 — crushed grain storage

In accordance with the common technologies for
post-harvest processing of grain heaps, wet feed grain
is fed to a feed grain dryer (C®3) with a rigid drying
mode or is preserved [4]. Waste material separated by
MIIO from grain material are sent to the unused waste
hopper (BHO). The amount of feed grain received in
the BB®3 hopper makes up for 30-40% of the total
amount coming from the field, and its quality must
satisfy the livestock breeding requirements for the
technology of preparation of concentrated forages and
meet the requirements of GOST 9267-68, GOST 9268-
90, GOST 18221-72.

In the proposed (new) technology, the feed grain
fraction extracted from the impurities by the grain
cleaning machine is fed through grain lines from the
BB®3 hopper for crushing, which is provided by a
machine for preparing concentrated feeds — the grain
crushing unit (I13), and the feed products (crushed
grain) produced by it must meet the requirements of
TU 8-22-39-88. The obtained crushed grain is fed to
the hopper-storage unit BI13, from which it comes as
a full-value concentrated feed either for feeding animals
or for preserving (K3). Crushed preserved grain is fed
to the storage hopper BKII3, from which it is taken for
storage.

REesuLTs AND piscussioN. Increasing the efficiency
of post-harvest grain processing requires the reconstruction

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 12 + N4 « 2018

of grain cleaning and drying lines of grain post-harvest
processing facilities with a possibility of applying grain-
crushing technologies [6]. To solve this problem, the
designers of the North-East Farming Research Institute
have developed a technological line (Fig. 2) installed
at the grain processing facility in farm enterprise
«Zaryay, the Nagorsk district of the Kirov region.

Il 12 13 14 15 16 17 15

Fig. 2. Technological scheme of seed-cleaning and drying
of complex post-harvest grain processing in the Zarya farm
enterprise, the Nagorsk district of the Kirov region:

1 —air slide; 2, 12, 14— cup-type elevators, 3 — grain pre-cleaning
machine with fractionation (optional) MIIO-30[®; 4 — waste
material hopper; 5, 6, 9, 22 — transporters; 7, 10— a pack of grain
bins; 8 — screening separator; 11 — secondary cleaning machine;
13 — grain binning hopper; 15 — drying bin, 16, 17, 18 — dry grain
processing machine; 19 — crusher; 20 — trailer; 21 — intake hopper

The technological process of the facility is a sequence
of certain operations. The wet grain pile is unloaded
into the receiving device with an air duct, from where
it flows to the cup-type elevator, which feeds it to the
grain pre-treater with a possibility of fractionation
MITO-304d. The cleaned grain is also fed by a scraper
conveyor to the hopper of the wet grain section or
gravity feed to one of the cup-type elevator sections
that loads the drying hoppers. Further, the dried grain
discharged into the second section of the cup-type
elevator is sent to the hoppers for cooling and resting,
and then fed by the cup-type elevator into the secondary
cleaning machine. The separated grain is sent by the
transporter to the screening cleaning and then to the
pure grain hopper, from where it enters the storage
area of finished products.

Feed waste from the screening unit and the secondary
cleaning machine MBO-8/] are loaded into the dry
feed grain section of the hopper. Grain material that
enters the hopper section of wet grain is unloaded into
vehicles and transported under a canopy to the receiving
hopper and then fed into the crusher via a scraper
conveyor. The preservative-treated crushed grain is
loaded with a conditioner auger into the trailer and
sent for storage or used for animal feed. It is also possible
to crush dry feed grain from the hopper.



The use of the new fractional technology and
equipment in the reconstruction of the grain cleaning
and drying facilities located in the «Zarya» farm
enterprise, the Nagorsk district of the Kirov region,
has contributed to an increase in its productivity of up
to 30-40%, and the estimated annual economic effect
from the renovation of the considered facilities has
accounted for 400 thousand rubles.

To increase the efficiency of agricultural technologies
for post-harvest (including fractional) treatment and
grain processing, the experts of the North-East Farming
Research Institute have developed grain cleaning
machines and grain crushers and started their production
[7-10].

Taking into account the results of experimental
studies of the post-harvest grain treatment and processing,
as well as the analysis and monitoring of key indicators
and corresponding technical means, the universal grain
cleaner M3VY-20/] (patents N2513391 RU, N2371262
RU) has been developed. The device is intended for
fractionation of grain and seeds of different crops,
their primary and secondary cleaning from impurities
and can be used in practically all agricultural zones
of the Russian Federation.

The operating principle of the technological scheme
(Fig. 3) of the offered grain-cleaning machine is as
follows. The grain mixture is fed through the grain line
into the feeder, being evenly distributed by the scraping
screw along the machine width, and then fed to the
first pneumatic separating channel where the airflow
from the cereal mixture carries away light impurities
(chaff, straw particles, weed seeds, and dust). After
cleaning in the first pneumatic channel, the material
enters the upper screen of the screening mill, which
separates larger impurities leaving the machine, while
cleaned grain enters the middle grating sieve. The
middle sieve separates large-sized pure grain (a fraction
of seed and food grain), which falls into the second
pneumatic separating channel, where light impurities
are separated. On the lower sieve small impurities are
separated and pass through the lower sieve and the
bottom of the lower sieve mill and are discharged from
the machine through the tray. Grain (the fraction of
feed grain) going overtail is fed into the third pneumatic
duct, cleaned rom impurities, and afterwards taken
out and sent to the crushing unit. The air stream with
light impurities from the first pneumatic channel is
sequentially fed to the first dust-settling chamber, then
to the second one and is fed by the diametric fan into
the sediment chamber of the dust collector. The
impurities trapped in the chambers are discharged by
the screws outside the machine. Thus, the grain-cleaning
machine M3VY-20/] provides the output of the cleaned
feed grain fraction (going overtail from the lower sieve)
for its subsequent crushing and preserving (for wet
grain).

Fig. 3. Flow chart and general view of the universal grain cleaning
machine (M3¥Y-20/]):

1 — feeding device,; 2 — first pneumatic separating channel; 3 — upper
sieve; 4 — upper grating;, 5 — average dividing sieve;, 6 — second
pneumatic separating channel; 7— the bottom part of the lower grating
mill; 8, 9 — first and second dust chamber; 10 — diametral fan; 11 —
sedimentary chamber of the dust collector

An experimental model of the universal grain
cleaning machine M3V-20/] has been made. Specialists
of the Kirov machine testing station have conducted
preliminary tests of the machine in the «Rassvet» farm
enterprise of the Nema district of the Kirov region.
According to their results, it has been established that
this model qualitatively implements the technological
process of grain material cleaning from light, large
and small impurities, and its design and technological
parameters comply with the requirements of technical
design specification and ND, in particular, in terms
of its designation, energy estimate and design safety.
The machine meets the requirements of the technology
of post-harvest processing of grain and seeds and can
be successfully used in agricultural enterprises. The
Kirov machine testing station recommends that the
grain-cleaning machine M3¥-20/] should be subjected
to acceptance testing.

For the production of crushed grain feed, including
feed grain fraction extracted from the grain heap
coming from combine threshing and cleaned from
impurities by the aforementioned grain cleaning
machines, a two-step grain conditioner (IT3/1-3.1) with

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 12 + N4 « 2018



- __ NEW MACHINERY AND TECHOLOGIES

.\.}I—}I.: 1.8 MM

h, =0,5 mm

) . h.=03mm
~,

1.4 h,mm 18

Fig. 4. General view and scheme of I13/]-3,1 grain crusher:

1 — frame; 2, 9 — electric motor; 3 — flap; 4 — belt drive; 5 —
cleaning knife; 6 —upper shaft; 7 — supports,; 8 — feeder; 10— chain
drive; 11— feed hopper; 12-side shaft; 13 — protective device; 14—
cleaning knives; 15 — lower shaft; 16 — discharge conveyor; 17,
18 — gap regulators; 19 —nozzle

aproductivity of 3 t/h, a general view and a technological
design scheme of which are presented in Fig. 4.

To determine a two-stage working process of pro-
ducing crushed feed grain, experiments have been
carried out for single- and two-stage grain crushing,
which has made it possible to determine the influence
of various design and technological factors on the
throughput capacity, the power consumption of the
roller machine (grain conditioner-crusher) and the
quality of the finished product. This allows assessing
the application feasibility of two-stage crushing as
compared with the single-stage one.

Basing on the results of the experimental studies,
graphs of the dependence of the change in the specific
energy consumption q on the input interval face gap
hl of the first stage for single-stage and two-stage
crushing have been plotted (Fig. 5).

Fig. 5 shows zone 1 for single-stage crushing and
zone 2 for two-stage crushing, which determine the
range of using the finished product that corresponds
to the livestock breeding requirements, based on the
output inter-roller gap. The analysis of these zones
shows that the use of two-stage crushing as compared
to the single-stage one reduces the specific energy
consumption in several times (the difference in the
areas of zones 1 and 2). In addition, the use of two-
stage crushing allows the grain to be crushed by rollers
with a smooth working surface of a larger capacity,
with a lower energy intensity of the process, with the
output of flakes meeting the livestock breeding
requirements, which indicates the high efficiency of
its application.

Taking into account these studies, a prototype of
the grain crusher I13/1-3.1 has been developed,

Fig. 5. Dependence of specific energy consumption change q on
the input flange clearance h, of the first stage of crushing

manufactured and tested in production conditions.
The authors provide the economic estimation of
technical means for crushing grain of various crops
with simultaneous application of preservatives. The
analogue for the calculation of economic efficiency is
asingle-stage grain harvester with two grooved rollers
with a possibility of simultaneous application of the
MURSKA-350S preservative. According to the calculations,
the annual economic effect of the use of a technical
means for grain crushing with simultaneous application
of preservatives I[13/1-3.1 (with an annual load of 1000
tons on the conditioner) is 3I" = 60,833 rubles, and the
level of intensification of agricultural production for
I134-3.1 has amounted to 26% as compared with
MURSKA-350S crusher manufactured in Finland.

Concrusions. The task of increasing the efficiency
of post-harvest treatment and grain processing is solved
by the method of reconstructing grain cleaning and
drying facilities. This will allow, for example, to use
the fractional technology of crushing and preserving
wet feed grain, to increase the productivity of the whole
complex by 30-40%, and to obtain a crushed grain feed
directly at the points of production and processing of
raw materials.

The use of new air-screening machines in the post-
harvest grain processing lines allows the efficient
fractionation of the grain heap coming in for processing,
and the obtained grain fractions are used for their
technological purpose: obtaining seeds and food from
high-grade grain and ready-made crushed feed for
various groups of farm animals from forage grain. The
use of a machine for producing crushed feed — a two-
stage grain crusher (I13/1-3.1) significantly reduces the
cost of feed production, for example, the estimated
annual economic effect of using a two-stage grain
crusher (IT13/1-3.1) instead of MURSK A-350S amount
to OI' = 60,833 rubles, and the level of intensification
is expected to reach 26%.
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Abstract. Pre-sowing seed treatment by various energy methods is used as an effective way of stimulating the seed material.
(Research purpose) The authors have studied the effect of a low-frequency electromagnetic field on the seed properties
of sunflower (Helianthus), soybean (Glycine max) and maize (Zea mays L.) seeds. (Materials and methods) Parameters
of the electromagnetic field: induction of 16 mT, pulse repetition rate of 16 Hertz I; exposure time of 15 and 20 minutes.
The experiment has been conducted in two stages. The first stage is the determination of the germination and germination
energy of irradiated and non-irradiated seeds, as well as the biometric characteristics of seedlings: the mass of stems
and leaves, the length and mass of the root system. The second stage is the phenological observations of the growth and
development of plants according to the phases of their development in the VIM climatic chamber. (Results and discussion)
It has been shown that the sowing qualities of maize seeds after 15 min of irradiation are higher than the control ones. It
has been determined that germination energy has increased by 10 percent as compared to the control sample, germination
by 8 percent, seedling weight by 6.4 percent, weight of stems and leaves by 16, root system by 3.4 and stem height by 30
percent. It has been found that there is no influence of low-frequency electromagnetic radiation on the germination of
soybeans both in the laboratory and in the climate chamber. It has been found that at the end of the growing season, the
mass of plants irradiated for 20 minutes has turned out to be greater than the control values by 20 percents, the root mass
by 25 percents, and the root length by 16 percents. The authors have determined that the treatment of sunflower seeds
(Helianthus) with a low-frequency electromagnetic field has no stimulating effect on germination energy and germination
capacity, but contributes to an increase in the mass of plants when they are grown in a phytotron. It has been calculated
that a 15-minute irradiation of sunflower seeds before sowing resulted in an increase in the mass of plants by 34.9 percents;
the mass of the root system — by 22 percents; length of roots — by 3.65 percents; the head (anthodium) diameter — by 5.3
percents and their weights — by 25.3 percents. (Conclusions) The response of plants to the energy impact depends on the
type of crop. It has been determined that low-frequency magnetic radiation without changing the sowing properties of
seeds can positively influence the growth and development of plants.

Keywords: sunflower seeds, soybean and corn seeds, germination energy, germination, low-frequency electromagnetic
radiation, biometric indicators.
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reasult, increasing yields is the most important task
of Russian farm industry. For many years, new
methods and technologies for cultivating, processing
and preserving crops have been developed [1-3].
Since during the storage of seeds, their bioenergetic
capacity is depleted, it is recommended to use various
energy effects for effective awakening of seed material,
healthy growth and development of plants [4-6].
Inrecent years, the intensification of crop production
infarm practices began to actively introduce electrophysical
methods of affecting plants and seeds of cereals,

Improving the quality of seed material and, as a
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vegetables, and legumes [7, 8]. There are physical
methods of influencing the seed material, such as the
electromagnetic field of various ranges, y-radiation,
ultraviolet, infrared, laser radiation, electric field of
the corona discharge, and ultrasonic effect [9, 10]. In
many works their effect on the improvement of the
sowing qualities of cereals and vegetable crops is shown,
as well as an increase in the preservation of the yield
of fruit-bearing crops [11-15]. Despite the positive results
of the exposure to various types of radiation and long-
term studies in this field, there is no unequivocal opinion
on this matter. Several mechanisms of action are



proposed: the stress response of the system, the effect
on photosynthetic activity and the porphyrin response,
and the change in the water structure.

The present work discusses the study results on the
influence of an effective method of irradiation - low-
frequency electromagnetic field. The value of the work
is grounded by the complex study of the sowing qualities
of maize, soybean and sunflower seeds both in laboratory
conditions and phenological observations in the
phytotron.

THE RESEARCH PURPOSE is to determine the sowing
properties of sunflower (Helianthus), soybean (Glycine
max) and maize (Zea mays L.), as well as biometric
parameters of plant morphological organs after their
exposure to low-frequency electromagnetic radiation.

MATERIALS AND METHODS. For the experimental
purpose, selection material included the seeds of
soybean variety «Slavia», a maize hybrid «Krasnodar
291-AMV» developed by Krasnodar Research Institute
for Agriculture named after P.P. Lukyanenko, and
sunflower variety «Dobrynya». The seeds were exposed
to a low-frequency electromagnetic field with an
induction of 16 mT and a pulse repetition rate of 16 Hz
for 15 and 20 min.

Non-irradiated seed samples were used as control
ones. Seed processing was carried out two weeks before
the beginning of experimental studies to assess the
effect of low-frequency electromagnetic radiation on
planting properties, growth and the development of
plants.

The studies were carried out in two stages. At the
first stage, the researchers evaluated the viability and
germination of irradiated and non-irradiated seeds,
as well as the biometric characteristics of seedlings:
the mass of stems and leaves, the length and mass of
the root system.

The second stage included phenological observations
of the growth and development of plants in their
development phases in the VIM climatic chamber. In
the chamber there were installed containers of 40x60x45
mm filled with soil. During the vegetation of plants in
the climatic chamber daily observations were made of
their growth and development.

Sowing parameters of the seeds were determined
in accordance with the methodology set out in GOST
12038-84. Germination of seeds of large-seed crops
(soybean, corn, sunflower), was carried out in the
propagators filled with moistened sand. The number
of seeds in the sample was 50 pieces, with four replicates.
Seed viability was determined on the 5th day, germination
—on the 8th day after sowing. Biometric indicators of
seedlings (germination phase) were determined in 10
plants, in the harvesting phase — for all remaining
plants.

At the end of the vegetation period, the plants were
carefully removed from the containers along with the
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root system and their heights, masses of the aerial parts
of plants and root systems were measured.

The tables show the arithmetic mean values of the
indicators. The relative error did not exceed 3%.

Results and discussion. Corn. The results of laboratory
studies on the evaluation of the influence of a low-
frequency electromagnetic field on the sowing properties
of the seeds of the maize hybrid «Krasnodar 291-AMV»
and biometric indices of seedlings are given in 7ab. 1.

Table 1

THE RESPONSE OF BIOSYSTEMS OF MAIZE SEEDS AND THEIR SEEDLINGS
TO THE EFFECT OF ELECTROMAGNETIC RADIATION
Time of irradiation
of seeds (7), min
Controlled parameter i
(Control) 15 20

Energy germinations, % 85.0 95.0 95.0
Germination, % 90.0 98.0 100.0
Weight of seedling, g 1.266 1.347 1.181
Green mass, g 0.308 0.357 0.290
Mass of roots, g 0.958 0.991 0.891
Height of plants, sm 9.8 12.85 11.35
Dry content in the 86.29 86.93 86.82
seedling, %

The analysis of the data obtained showed that pre-
sowing treatment of maize seeds with a low-frequency
electromagnetic field for 15 and 20 min had a positive
effect on the process of yielding seeds from the state
of rest. The values of seed viability and germination
of maize seeds during their treatment for 15 and 20 min.
increased by 10% as compared with the control values.

The highest seedling weight, its green mass (stem
and leaves), the root system, and the dry matter content
were obtained by treating the seeds for 15 minutes.
Increasing pre-sowing effect time on corn seeds up to
20 min led to a significant decrease in biometric
indicators of seedlings as compared with the control
samples.

At the second stage, the effect of a low-frequency
electromagnetic field on the growth and development
of maize plants in a climatic chamber was evaluated.

During corn vegetation in the climatic chamber,
daily observations were made of the growth and
development of plants (Fig. /). The first seedlings
appeared in 8 days after sowing.

At the end of the vegetation period, measurements
were taken of the height and weight of plants with a
root system; the mass of the aboveground part of the
plants, and the length and mass of the roots.

Biometric indices of plants grown from seeds
irradiated with a low-frequency electromagnetic field
within 15 minutes were significantly higher than similar
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Fig. 1. The process of growing maize plants (Zea mays L) in the
VIM climatic chamber

data obtained with a 20-minute irradiation. The height
of the aerial part of the plants was 4% higher than the
control value, the weight of the aerial part — by 8.8%,
the length of the roots — by 17.2% and the mass of the
roots by 13.6%.

Table 2

BIOMETRIC INDICATORS OF MORPHOLOGICAL PARTS
OF PLANTS GROWN IN A CLIMATIC CHAMBER

Time of irradiation
of seeds (z), min
Controlled parameter .
(Control)| 15 20

Height of the aerial part 7833 ]1.46 74.66
plants, sm

Mass of the aerial part 18.47 20.09 14.31
plants, g

Length of the roots, sm 17.55 20.56 14.44
Mass of the roots, g 0.66 0.75 0.57

Biometric indices of plants grown from seeds
irradiated with a low-frequency electromagnetic field
within 15 minutes were significantly higher than similar
data obtained with a 20-minute irradiation. The height
of the aerial part of the plants was 4% higher than the
control value, the weight of the aerial part — by 8.8%,
the length of the roots — by 17.2% and the mass of the
roots by 13.6%.

Sunflower. Analysis of the data obtained under
laboratory conditions showed that the treatment of
the seeds for 15 and 20 min had no stimulating effect
on their seed germination and the biometric characteristics
of seedlings (Tab. 3). Thus, in seeds irradiated for
15 min, a decrease in germination by 10% was observed,
in case of a 20-min treatment, the seed germination
was practically unchanged as compared to the control
values. When the seeds are irradiated for 15 min, the
magnitude of the deviation of the controlled parameters
from the control values was slightly lower as compared
with similar data obtained with a 20-minute seed
irradiation.

A comparison of the morphological characteristics

Table 3

SOWING PROPERTIES OF SEEDS AND BIOMETRIC INDICATORS OF
SEEDLINGS AND SUNFLOWER PLANTS
Time of irradiation
of seeds (z), min
Controlled parameter .
(Control) 15 20
The phase of germination (laboratory conditions)
Germination energy, % 63.0 65.0 70.0
Germination, % 95.0 85.0 95.0
Weight of seedling, g 1.483 1.423 1.357
Mass of the aerial part plants, g 0.977 1.049 1.026
Mass of the root, g 0.513 0.374 0.331
Height of a plant, sm 9.8 12.85 11.35
Dry content in the seedling, % 81.76 81.84 | 82.13
Harvesting phase (climate chamber)

Weight of a plant, g 28.05 37,83 31.15
Height of a plant, sm 108.5 108.33 | 114.67
Mass of the root, g 2.11 2.58 2.26
Length of the root, sm 11.5 11.92 13.17
Diameter of flower heads, sm 5.08 5.35 6.34
Weight of flower heads, sm 16.61 20.85 15.07

of the plant parts obtained from the treated seeds with
the control samples showed that a 15-minute irradiation
of the seeds before sowing resulted in an increase in

Fig. 2. Morphological parts of sunflower plants and seeds after
harvesting
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the mass of plants by 34.9%, the root system weight by
22%, the root length by 3.65%, the head (anthodium)
diameter — by 5.3% and their weight — by 25.3% (Fig. 2,
Tab. 3). Biometric indicators of plant parts grown from
seeds irradiated for 20 min. were significantly lower
than the control samples. It should be noted that seeds
in the heads of all harvested plants were immature.

Thus, the treatment with a low-frequency
electromagnetic field for 15 minutes was the preferred
method for sunflower seeds of the «Dobrynya» variety.

Soybeans. «Slavia» is a highly productive early
soybean variety for grain producion, with a vegetation
period of 95-105 days. The average weight of 1000 seeds
is 172 g. The seeds accumulate up to 42% protein and
up to 23% oil.

The viability of soybean seeds is determined in
laboratory conditions, their germination in laboratory
conditions and in a climatic chamber (7ab. 4).

Table 4

DETERMINATION OF SOWING INDICATORS OF SOYBEAN SEEDS OF THE
«SLAVIA» VARIETY
Time of irradiation
of seeds (z), min
Conditions . .
cultivations Characteristic
0
(Control) 15 1 20
Germination
energy, % 95 85 | 88
Petri dish
Germination, % 95 92 | 95
Climatic chamber | Germination, % 85 70 | 75

As a result of seed treatment, the aforementioned
electromagnetic field has reduced their sowing indices,
both in the laboratory and in the climatic chamber.
The energy of seed germination when irradiated for
15 min. as compared to the control samples decreased
by 10%, germination — by 3%. With a 20-minute
irradiation, the laboratory energy of seed germination
decreased by 7%. Germination of seeds in the climate
chamber decreased by 15 and 10%, respectively.

Nevertheless, a positive trend of the influence of
irradiation with an electromagnetic field was observed
during the growth of soybean in the phytotron. A
gradual increase was noticed in the aboveground mass
of plants according to the variants of the experiment,
the development of the root system, the intensity of
flowering and fruit formation. However, externally,
plants formed from seeds irradiated for 15 min., were
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slightly lower in height than the control samples and
plants with 20-minute irradiation.

As aresult of low-quality electromagnetic influence
on soybean seeds, the biometric parameters of seed
plants have changed, as well as qualitative indicators
obtained after the growing season (7Tub. 5)

Table 5

BIOMETRIC INDICATORS OF MORPHOLOGICAL PARTS OF SOYBEAN
PLANTS UNDER DIFFERENT IRRADIATION MODES
Time of irradiation
of seeds (z), min
Controlled parameter i
(Control) 15 20

Weight of a plant, g 2.33 2.89 2.80
Mass of the aerial part 181 226 215
plants, g
Mass of root, g 0.52 0.63 0.65
Height of a plant, sm 49.1 44.5 577
Height of a stem, sm 33.2 29.7 39.3
Length of a root, sm 15.85 14.8 18.4
The mass of 1000 seeds’, g 153.0 166.0 164.0
Thickness of the stem, mm 2.06 2.06 2.17

Anincrease in the weight of plants and the mass of
100 seeds was observed both at 15 and at 20 minutes
of low-frequency electromagnetic action, and at
7= 15 min this index was higher. However, the remaining
indices were significantly lower than those after
irradiation, =20 min. After 20 minutes of irradiation,
the root system of the plants was more developed
featuring the longer root length and mass.

CoNcLUSIONS

1. Pre-sowing treatment of maize seeds with low-
quality electromagnetic radiation had an ambiguous
effect on their sowing qualities and the formation of
plants grown from them. Irradiation of seeds for 15 min.
led to an increase in germination energy as compared
to the control values by 10%, germination — 8%, seedling
mass — 6.4%, stems and leaves — 16%, root system —
3.4%, stem height — 30%. At 20 minute seed irradiation,
although there was some increase in germination (10%),
however, the biometric indices of seedlings obtained
in laboratory conditions and plants grown under
phytotron conditions were lower as compared with the
control samples.

2. Low-frequency electromagnetic radiation did
not have a stimulating effect on the soybean’s sowing
quality, 20 minutes of seed irradiation led to an increase
in the mass of plants at the end of the growing season
by 20%, the root mass by 25%, and their length by 16%.

3. The exposure of sunflower seeds to a low-frequency
electromagnetic field did not have a stimulating effect
on seed viability and germination, but yielded a positive
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result in the harvesting phase of plants. A comparison
of the morphological characteristics of plant parts
obtained from irradiated seeds and grown under the
phytotron conditions with control indices showed that
a 15 minute irradiation of the seeds before sowing
resulted in an increase in the mass of plants by 34.9%;

- T PRESOWING TREATMENT OF SEEDS

the mass of the root system — by 22%; the length of
roots — by 3.6%35; the head (anthodium) diameter — by
5.3% and their weight — by 25.3%; biometric indicators
of plant parts grown from seeds irradiated for 20
minutes were significantly lower than those of the
control values.
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Abstract. Mine and column grain dryers are a fairly complex object of control in the production line. The process of grain drying
is characterized by a large number of parameters, quantitatively and qualitatively characterizing the dryer operation. First of
all, this includes the criteria of maximum performance and minimum deviations of the moisture content of the dried grain from
the standard values. These criteria, as studies show, are interconnected with each other: an increase in the performance IT of
the dryer leads to an increase in the moisture content of the grain coming out of it, and, conversely, an attempt to reduce the
moisture content of grain causes the need to reduce the performance I1. (Research purpose) The research purpose is to develop
the expression for the transfer functions of the of grain flow control depending on perturbations of the initial moisture content
and the maximum grain temperature, as well as to conduct experimental studies. (Materials and methods) The authors have
developed simplified mathematical models of moisture perturbation compensation of grain coming in for drying and its heating
temperature in a drying chamber by changing the dryer performance on the basis of theoretical-and-experimental studies.
(Results and discussion). The authors have obtained expressions to control the process performance when the current humidity
and temperature change through the dryer performance parameters as a function of grain moisture flow and heat used to grain
heating up to an acceptable temperature. Farm tests of developed transition management functions have been implemented
for dryer SZT-16 controlled by PLC S7-1200 Siemens and operating in an automatic mode. Tests have been conducted on the
“Babachev” farm, Karachev district of the Bryansk region in the process of drying food wheat grain. (Conclusion) It has been
confirmed that the dryer performance is determined not only by the rated capacity but also by the deviation of the current
moisture content of grain from the specified values and by the ratio of the amount of heat used for evaporating and heating.
The dryer performance at constant initial humidity is determined by its rated performance, the maximum specified difference
of grain temperatures, as well as the ratio of the amounts of heat used for evaporating and heating.

Keywords: grain, drying, automation, control algorithms.
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utomatic control of grain drying processes
Aopens up wide prospects for increasing its

efficiency, reducing labor costs and improving
the product quality.

Shaft and column grain dryers are quite a complex
control object in the production line. The process of
grain drying is characterized by a large number of
parameters that quantitatively and qualitatively affect
the dryer performance. Among these parameters the
are the moisture content of grain at the dryer inlet and
outlet, the dryer performance, the temperature of grain
heating and the drying agent supplied to and spent in
the dryer [1-6].

From this set of particular criteria, those relating
to the dryer include, first of all, the criteria for maximum
productivity and minimum deviations in the moisture
of the dried grain from the standard values. These
criteria, as studies show, are related to each other: an
increase in the dryer performance /7 reduces the

moisture content of grain coming out of it, and,
conversely, an attempt to reduce the moisture content
of grain causes the need for a reduction in the perfor-
mance /1. Since grain and seed processing enterprises
should meet the requirements of standards, the moisture
content of the obtained grain and seeds should not
exceed the standard value, so the criterion min W
becomes a restriction of the form W< W,,,. In addition,
the drying process of seed grain should meet the
requirement of impermissibility of reducing the seed
quality of finished products. This requirement, when
applied to grain dryers, is to prevent grain overheating,
i.e., the temperature 6 of the grain should not exceed
the permissible value 0, [7, 8].

Thus, the optimal control function is often expressed
in the form:

max I1=f0, W, 1), )]

where IT - performance, t/h; § —temperature of grain, °C;
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W — moisture content of grain, %,; ¢ — temperature of the
drying agent, °C.
With restrictions:

WS Wt 05 00 ?)

To describe the drying process in shaft and column
dryers, a number of mathematical models have been
developed, both based on differential equations and
found empirically, but in the latter case, a number of
parameters must be determined experimentally for
each particular object, which is rather difficult [9, 10].

The task is to develop, on the basis of theoretical
and experimental studies, simplified mathematical
models for compensating the humidity disturbances
of grain entering the drying stage and the temperature
of its heating in the drying chamber by changing its
performance.

THE puRrPOSE of the present research is to develop
expressions of the transfer functions of controlling the
amount of grain dried, depending on the disturbances
of the initial moisture and the maximum grain tempera-
ture, and also to carry out an experimental test.

MaTeRIALS AND METHODS. The dryer capacity by the
mass of evaporated moisture can be presented as:

G(U,-U,)
wn
where /1 — rated performance of the dryer, t/h; G —
grain mass in the dryer, kg; U, U, — moisture content
of the initial and conditioned grain, kg moist./kg dry
mat.; 7—duration of drying, h; # — the fraction of heat

used to evaporate moisture.

Changing the dryer performance with deviations
in the initial moisture content of the grain can be
presented as:

— G (Uo — U1 )
7n
where U, — the current moisture content of grain,

kg moist./kg dry mat.; finally, the current performance
looks like:

I = , kg moist./h, 3)

11

m

, kg moist./h,

1, =11 Uo=U)n ’
U, =Uy)m,
where 7, — the fraction of heat used to evaporate moisture

in the case of humidity deviations.
The amount of heat used to evaporate moisture

equals: AU »
T=AUr+26¢

where AU — the difference in moisture content, kg
moist./kg dry mat.; 40 — temperature difference at
grain drying, °C; ¢ — heat capacity of grain, kJ/kg. evap.
moist.; specific heat of moisture evaporation, kJ/kg.
At a significant excess of the current humidity U,
above the standard moisture (more than 1-1.5%), the

t/h, @
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dryer is transferred from the stream to the circulation
mode, so grain rate ceases, and the expected circulation
time can be determined by the expression:
=T Uo — Uz ,
Ul - Uz
where 7 — drying time, h.

The value of 7 is calculated from the known U,, U,
and the temperature mode of drying in order to estimate
the time for transferring the operation of the dryer
from the circulation to flow mode [11].

The main parameters characterizing the thermal
mode of a grain dryer are the temperature of the coolant
supplied to the drying chamber and the temperature
of grain heating. On the one hand, the drying process
must be carried out in such a way as not to exceed the
permissible temperature of grain heating, but on the
other hand, drying is most effective at the heating
temperature limits. The desire to intensify the drying
process led to the development of various systems of
automatic regulation (stabilization) of the grain heating
temperature, in which the control of the fuel supply
and drying exposure (by varying the performance)
were used as control actions. These systems allow
maintaining the specified moisture content of grain,
but do not prevent its drying or excess moisture of the
output grain.

Let us consider a particular problem of changing
the grain temperature with a constant initial moisture
content. The dryer capacity for the heat used for drying
can be presented as follows:

H= Gc(ex _Hﬁ)nl ,kJ/h,
T

h, ©)

©)

where 6., 6, — the final and initial temperature of grain,
O,
C.
With temperature perturbations, the heat output
varies according to the expression:

GC(BI: _HK)UZ

HO = , kJ/h, @)
T
where 6 — the current grain temperature, °C.
The current capacity of the dryer is:
0 -6
H5=H£i—iiﬁgﬂh @®)
(9K - HH )77]

When calculating 8 it is necessary to take into
account the location of the temperature sensors and
the inertia of grain heating.

Assuming that the temperature increases linearly
along the shaft length and its maximum value is reached
at the mine outlet, it is advisable to control the grain
temperature in the upper regions of the column, for
example, to place a thermal sensor at the entrance of
the last drying section and determine 6,, and 6,
decreasing their values by:
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Agzgl(_gﬂ (n_1>;

n

O =6— A0 u 0= 06— A6, &)
where n — the number of drying sections.

The economic checking-up of the developed
transmission control functions was carried out during
testing of the NWT-16 grain dryer, controlled by the
S7-1200 Siemens logic controller and operating in an
automatic mode. The tests were carried out in the
«Baibashev» peasant farm, Karachev district of the
Bryansk region, in the process of drying food wheat
grain.

The controller was programmed for a specific 13
crops, including rapeseed, soybean, and corn. According
to empirical relationships, the moisture content of
grain at the inlet and outlet was measured by the
Mikroradar-113 moisture meter. The grain temperature
was measured by resistance thermometers. The grain
dryer is controlled by changing the rotational speed
of the rotor-type unloading device, for which a frequency
converter is installed on its drive.

The technological scheme of the dryer is shown in
Fig. 1.

The device operates as follows. The wet grain is fed
through the first stream of the grain elevator through

10

Fig. 1. Technological scheme of the dryer:

1 — contains microprocessor; 2 — meter; 3 — correction unit; 4 —
sensor; 5 — grain crop selection unit; 6 — pause correction unit;
7 — dryer diffuser; 8 — furnace; 9 — dryer; 10 — discharge rotors;
11 — discharge device; 12 — rotor drive; 13 — grain elevator; 14 —
moisture meter at the dryer inlet to the; 15 — moisture meter at
the dryer outlet; 16 — transfer valve from the circulation to flow
mode. Also shown in the diagram are directions of move-ment of
wet grain 17 and dried grain 18

avalve that is set to flow or circulated into the moisture
meter of wet grain (at the dryer inlet), then to the dryer,
dried and cooled grain is discharged by the rotors, the
drive of which is set to the specified flow rate and
through a discharge the device is fed to the moisture
meter at the outlet by the second stream of the grain
elevator and is withdrawn from the dryer. The drying
agentis prepared in a furnace and fed through a diffuser
into the dryer.

Sensor 4 is set for the crop name, the initial and
final moisture of grain, the device is actuated in the
humidity measurement mode of the set crop from
moisture meter /5, correction unit 3 is provided to
compensate for external factors, in block 6, the grain
rate is automatically set according to the expression
V= K(W;— W), where V; — a current value of the
analogsignal, V; K is the conversion coefficient of the
moisture humidity index to the analog signal; W; —
current moisture value of the measured crop, %o; Wi, —
the minimum value of humidity,%, there is a change
in the rate of grain depending on its humidity at the
dryer outlet.

When the moisture content of grain is relatively
higher than the standard one, the grain rate decreases
due to the rotational speed of the rotors, and then, if
the moisture content of the grain does not reach the
standard one, a pause is made.

At the end of the pause of at least 3 analog signals
from moisture meter /5, which is necessary to compensate
for the current unevenness of grain in terms of humidity,
grain unloading stops and the device enters the circulation
mode. When the standard moisture ia achieved, the
circulation stops, and the grain unloading resumes.

Two experiments were carried out with automatic
correction of the rotor speed without grain circulation
during the pause (Fig. 2) and with periodic circulation
(Fig. 3).

The speed of rotors is determined basing on the
condition that /7= 32 t/h at P=100%. The main indicators
of the dryer are given in Tab. 1.

0 B0 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960 T
s

Fig. 2. Dependence of temperature (t, 6), rotor speed (P) and
grain moisture W from time t for dryer SZT-16 with controller
1 — drying agent temperature, 2 — grain temperature after drying;
3 — before drying; 4 — rotation speed of the unloading rotor;

5 — initial grain moisture; 6 — final grain moisture
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Fig 3. Dependence of temperature (t, 8), rotor speed (P) and
grain moisture W from time t for the automated dryer SZT-16:
1—drying agent temperature; 2 — grain temperature after drying;
3 — before drying; 4 — rotation speed of the unloading rotor; 5 —
initial grain moisture; 6 — final grain moisture

or the maximum grain temperature 6, correspond to
the experimental data (with an error of not more than
15-20%).

Simplified analytical expressions have been developed
for automatic control of the dryer’s performance with
respect to the initial and maximum moisture content
of grain, which do not require specifying additional
parameters. Comparison is made of a signal coming
from moisture meters at the inlet and outlet of the dryer
with the values of the initial and final moisture content
of grain and the amount of heat used to evaporate
moisture that are set in the control program. It is
possible to stabilize the temperature mode of drying
by varying the dryer performance, depending on the
change in the grain heating temperature at W = const.

Periodic grain circulation is used when the current

THE MAIN PERFORMANCE INDICATORS OF THE DRYER SZT-16 (WHEAT PROCESSING)
Performance indicators Indicators values
Flow-line mode, background 1 With periodic circulation, background 2
Performance, tons/h 14.2 14.7
Grain moisture, %
— before drying 19.7 21.4
—after drying 13.4 13.8
Temperature, °C:
—coolant 74 74.6
—grain at the dryer inlet 25 20
— grain in the maximum heating zone 48 48
—cooled grain 34 32
—external air 25 19
Fuel consumption (natural gas), m*/h 78 80.5
Coolant consumption, m*/h 35000 35000
Relative heat consumption, kJ/kg evap. moist. 2560 2472
Temperature of flue gases, °C 207 -
Heat productivity, MW 0.6 0.622

REsuLTs AND DiscussioN. In the first experiment,
grain was dried with correction of its flow rate according
to the expression V; = K (W; — W, set in the dryer
control program. When the humidity deviated from
the standard value, the circulation of grain was not
used [9]. In the second experiment, when the final
humidity deviated from the standard value, the circulation
was used, which led to a higher performance of the
dryer.

The experimental data obtained were compared
with those calculated from expressions (4) and (8),
developed for a simplified control system for the dryer
by humidity and grain temperature. It has been
established that the calculation results of the performance,
depending on the change in the initial moisture content
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humidity value is higher than the standard one and it
contributes to increased performance.

Conclusions. The dryer performance is determined
by its rated performance, the deviation of the current
moisture content of grain from the specified values
and from the ratio of the amount of heat used for
evaporation and heating.

If the initial moisture content is constant, the dryer
performance is determined by its rated performance,
maximum set difference of grain temperatures, and
the amount of heat used for evaporation and heating.
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Abstract. Oil flax grows in many countries of the world. Fibre production on its basis can significantly increase the
profitability of flax-growing farms. At the present stage, taking into account the real possibilities of the national economy,
for its effective development it is necessary to introduce advanced technologies. Cur-rently, processing enterprises may
choose among different technological equipment lines to process oil flax into fibre and thus get additional profit. (Research
purpose) The determination of a technologically and economical-ly effective line for oil flax processing. (Materials and
methods) The main materials for calculation were represent-ed by the indicators of production capacity, the average
annual value of fixed as-sets, the amount of money spent on salaries and wages, etc. The main research method is the
balance method that allows making a plan in the form of a balance sheet that takes into account the sources of inputs
and the requirements for these inputs. (Results and discussions) The authors have considered low-cost lines for oil flax
processing into short fibre on the basis of disintegrators of various brands (from domestic and foreign producers), offered
characteristics of the fibre obtained in the lines, and analyzed technical and economic indicators of various technologi-cal
lines under different conditions, and the payback period of capital expenditures for different oil flax acreages. (Conclusions)
The authors have determined that the most effective is the pro-cessing of oil flax from an area of at least 1000 hectares, with
a throughput capaci-ty of raw materials of at least 1000 kilogram per hour and a distance of the transportation of straw
rolls to a processing site of 50 kilometer. They have also obtained technological and economic data that can be used in the
organization of oil flax processing into marketable fibre.
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il flax is cultivated both in the southern and
O northern regions in many countries of the world

[1]. Both fibre and seeds can be obtained from
it simultane-ously [2]. The use of fibre from oil flax
straw or retted stalks can significantly in-crease the
profitability of a flax-growing farm, increase employment
inrural areas, and expand the range of manufacturing
enterprises for the processing of fibrous raw materials
[3, 4].

In 2017, the flax acreage in the Russian Federation
amounted to 565.2 thou-sand hectares, which, with a
yield of 1000 kg per hectare, results in a gross yield of
565.2 thousand tons of flax straw (stalk mass), which
can be processed into fibre. Additional profit from the
sale of stalk fibre may amount to 2 thousand rubles/
ha [5]. As arule, not traditional flax factories, but small
private enterprises in coopera-tion with research centers
are interested in flax straw processing. For example,
the All-Russian Research Institute of Flax Cultivation

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1 TEXHONOTMM + Tom 12 Ned + 2018

Mechanization and Kostroma State University are
developing resource-saving technologies for oil flax
straw pro-cessing into fibre of wide industrial use.

Among the most famous foreign companies and
organizations involved in the development and sale of
processing equipment for oil flax are Charle & Co
(Belgium), Laroche (France), DiloTemafa (Germany)
and the Roman Research Center IPZS (Italy)). These
firms offer equipment and technologies for processing
flax stalks into paper, and German manufacturers -
for the production of geotex-tiles, nonwoven and
composite materials, but this is a kind of deep processing
[6]. At the initial stage, the primary processing is carried
out, the purpose of which is the isolation of short fibre
from the stalk mass of oil flax. As a rule, foreign techno-
logical lines for primary processing are metal- and
energy-intensive and expensive, and it is difficult to
predict whether they will be profitable in Russia.

In Russia today, a significant problem is the considerable
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wear and tear of the material and technical facilities
[7]. At the present stage, taking into account the real
capabilities of the domestic economy, it is necessary
to introduce progressive technologies for effective
development [8]. Earlier, in the works of the All-Russian
Research Institute of Flax Cultivation Mechanization,
equipment for primary pro-cessing of oil flax based
on a disintegrator was described [9, 10]. At present,
one of the lines based on the disintegrator is the simplest,
low-cost and efficient option. It consists of a straw roll
cutter, two disintegrators (D) and two shakers (T),
which can be presented as a straw roll cutter + J1 + ] +
+ T + T [10]. This equipment is produced in Russia
and Belarus. For example, at present, several types of
disinte-grators are produced: JIJIB-2M and OKB-1
(Russia), MIT-1000 (Belarus) and TH-112 (Russia),
TI'B-14 (Belarus). Obviously, processing enterprises
may choose among the lines of technological equipment
to process oil flax straw or ret-ted stalks into fibre and
thereby gain additional profit.

THE PURPOSE of this research is to determine the
technologically and economically efficient line for the
processing of oil flax.

MATERIALS AND METHODS — the main materials for
calculation were represented by the indicators of
production capacity, the average annual value of fixed
as-sets, the output and quality of fibre from retted
stalks, the average annual number of industrial and
production personnel (the number of employees), and
the amount of money spent on salaries and wages. The
main research method is the balance method that allows
drawing a plan in the form of a balance sheet that takes
into ac-count the sources of inputs and the requirements
for these inputs.

To calculate specific values of technical and economic
indicators, use has been made of direct calculation
methods, factor-based calculation, and mathemati-cal
modeling.

REsuLTs AND DISCUSSION. Some enterprises employ
the following technologi-cal lines:

- Line I (from Russian manufacturers): straw roll
unwinding machine PJIP-1500 + disintegrator J1JIB-
2M + fibre unloader BYJI + shaking machine TH-112
(2 pcs.) + fibre separating machine BOM-2;

- Line 2 (from Belarus manufacturers): straw roll
unwinding machine MP-1400 + retted stalk crushing
machine M/IT-1000 (disintegrator) + fibre unloader
KHUWUWIIIT + shaking machine TI'B-14 (2 pcs.) +
BOM-2;

- Combined Line 3 (joint production of Belarus +
Russia): carver of rolls KUHN (or similar) + MDT-
1000 (2 pcs.) + unloader KNIILP + TGV-14 (2 pcs.) +
VOM-2;

- Combined Line 4 (joint production of Russia +
Belarus + Belgium): MP-1400 + breaking machine
M-110J11 + MIT-1000 + fibre unloader KHMUWJIIT +

ECONOMICS y

TI'B14 + shaking machine (Charle & Co, Belgium) +
scutching drum «Charle & Co», Belgium) + shaking
machine (2 pcs., «Charle & Co», Belgium) + BOM-2.

Our previous production experiments have shown
the following fibre quality on the lines (7ab. 1).

Table 1

CHARACTERISTICS OF THE FIBRE OF RETTED FLAX STALKS OBTAINED
FROM DIFFERENT LINES FOR PRIMARY PROCESSING*

Line
Indicator
1 2 3 4

Mass share of chaff and 35-45 | 35-45 | 25-30 | 2025
weed, %
i s 70-90 | 70-90 | 60-80 | 50-70
of fibre, mm
Average linear density
of fibre, tex ] S
Breaking load, kgs 0-11

*Throughput capacity of the lines is almost the same and depending on
the feedstock amounts to 500 and 1000 kg/h

Since the price of the Belarusian M/T-1000
disintegrator is much lower than that of its Russian
analogue JIJIB-2M, it is possible to assemble a relatively
inex-pensive line from machines produced in these two
countries, for example, Line 3. Of interest is also the
Combined Line 4, which can produce a higher quality
fibre.

The authors have carried out a comparative analysis
of the technical and eco-nomic indicators (hereinafter
referred to as TEI) of the flax plant, which processes
the oil flax straw (retted stalks) into short fibre on the
four considered lines.

The TEI of these lines for oil flax have been calculated
for flax acreage of 700, 1000 and 1500 hectares, with
adistance of straw roll transportation to the processing
site of 50 and 100 km, the capacity of equipment of 500
and 1000 kg/h. The calculation includes the cost of

%
40 354
28,3
30
20,2
20
11,0 9,6
| 53 D
10 49 Area of crops
0 @700 ha
0,6
M 1000 ha
-10+ -7,0
11,0 01500 ha
2047160
30 268 :
50 100 50 100
Distance, km
500 1000
Throughput, kg/h

Fig. 1. The profitability of oilseed flax processing with Line 1
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Table 2
INITIAL DATA FOR THE CALCULATION OF TEI OF PROCESSING LINES

Line
Indicator

1 2 3 4
Throughput capacity of the 500 500 500 500
line for raw material, kg/h 1 1000 | 1 1000 | 1 1000 | m 1000
Fibre output, % 30 30 28 25
Sale price of fibre, rub/kg 29 29 31 33
Electric power of equipment, 70 684 | 103 | 836
kW
Cappriizl g Eh e 14411.4]11025.6(11441.4]17240.9
thousand rubles

* the price of new equipment

%
40-

30,9
301 24,3
20 18,7,
6,5
22 g Area of crops
T @ 700 ha
1,7
B 1000 ha
01500 ha

Distance, km

500
Throughput, kg/h

1000

Fig. 3. The profitability of oilseed flax processing with Line 3
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3
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Distance, km
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Fig. 2. The profitability of oilseed flax processing with Line 2

buildings, structures, vehicles and other fixed assets.
Other initial data for the calculation are presented in
Table 2.

The results of calculating the TEI of these lines are
shown in Figures 1-4 and Table 3.

The processing of oil flax with the throughput
capacity of lines of 1000 kg/h and the distance of straw
roll transportation to the processing site of 50 km is
effec-tive for all areas under consideration. The production
profitability in this case will range from 6.6 to 37.4%

Fig. 4.The profitability of oilseed flax processing with Line 4

(Fig. 1-4), and the payback period of capital expenditures
ranges from 48.5 to 3.1 years (Table 3). With an increase
in the straw roll transpor-tation distance to 100 km,
only oil flax processing with Line 2 will be effective,
but it is impossible to obtain fibre with a low content
of chaff. This resultsin a limited sale of fibre or its sale
at a lower price.

Oil flax processing at a capacity of 500 kg/h and
with a distance of straw roll transportation to the
processing site of 50 and 100 km is not effective for all

Table 3

PAYBACK PERIOD OF CAPITAL EXPENDITURES, YEARS
Crop acreage, ha
700 \ 1000 \ 1500
D Distance, km
50 100 \ 50 100 \ 50 100
Capacity of equipment, kg/h

500 1000 500 1000 500 1000 500 1000 500 1000 500 1000
1 - 12.8 - - 27.1 6.2 - 29.3 9.2 3.5 - 10.5
2 - 9.3 - 87.0 19.8 5.4 - 21.7 7.6 3.1 - 8.6
3 - 12.0 - - - 6.7 - 62.4 20.9 3.7 - 14.3
4 - 48.5 - - - 19.6 - - - 9.0 - -
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lines, regardless of the amount of processed raw
materials, as it causes a loss or provides a high payback
period (Table 3), which is associated with a significant
rise in the cost of raw materials due to the greater
distance of its transportation, and with a low throughput
capacity because of an increase in costs per unit of
finished products (Fig. 1-4).

The costs for organizing the processing of raw
materials with Line 2 (Table 3) will be recovered most
quickly due to the optimal ratio of the fibre price, its
yield and low capital expenditures (Table 2).

Line 3 deserves attention, as it, like Line 4, allows
to obtain fibre with a low content of chaff (Table 3),
hence, fibre will be sold better.

Line 4is recommended to be used at a flax acreage
of 1000 hectares and above and throughput capacity

ECONOMICS y

of lines of at least 1000 kg/h, and straw roll trans-
porting to the processing site over a distance of not
more than 50 km (Fig. 4).

CoNcLUSIONS

Processing of oil flax grown on an area of 500
hectares, at a throughput ca-pacity of 500 kg/h, on
small-sized equipment and equipment of normal size
is inef-fective and often unprofitable.

The processing of oil flax grown on an area of at
least 1000 hectares is most effective, with a throughput
capacity of at least 1000 kg/h for raw materials and for
straw roll transporting to the processing site over a
distance of 50 km.

The research has provided technological and
economic data that can be used to organize oil flax
processing into marketable fibre.
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Abstract. Studying the wear of soil-cutting working tools in the field conditions has certain difficulties associated with the
impermanence of soil properties. The paper presents the results of a laboratory study of the power characteristics in the
process of wearing of a soil-cutting wedge in an artificial abrasive soil medium. (Research purpose) To determine the nature
of changes in cutting forces in vertical and horizontal planes depending on the conditions and a degree of wear of a soil-
cutting wedge. (Materials and methods) For the experiment, use was made of quartz as an abrasive material, paraffin with
additives of ceresin and petrolatum as binding components; cement was additionally introduced to change the granulometric
composition of a soil model, and a cross-planer was used as a drive mechanism. (Results and discussion) It has been shown
that the horizontal component, or traction resistance, increases linearly with increasing the depth of cutting. An increase in the
soil-cutting velocity also leads to an increase in the traction resistance of the wedge, and its magnitude increases in a power-law
dependence on the velocity. It has been established that the cutting angle affects not only the variation of the wedge traction
resistance, but also the shearing pattern, which changes as it increases and changes from shear shavings into shift shavings,
which contributes to the traction force growth. It has been found that an increase in traction resistance is affected by an
increase in the hardness of abrasive material and a decrease in the distribution density of solid particles in its volume. As the
width of the back chamfer and the angle of its inclination to the furrow bottom increased, the traction characteristics both
in the vertical and horizontal planes increased as well, the back chamfer width having the greatest influence on the vertical
component. As the blade worn out depending on the friction path, the vertical component of frictional forces increased sharply,
while the horizontal component increased insignificantly. (Conclusions) The results of the conducted studies have shown that
the wedge depth mainly depends on the back chamfer width. The traction resistance of the wedge is greatly influenced by
physical and mechanical properties of an abrasive medium, cutting conditions and a degree of the blade blunting.

Keywords: abrasive model of soil, soil wedge, back chamfer, intensity of blade wear.
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the field faces certain difficulties due to the

variability of soil properties, its heterogeneity
and changing weather conditions [1]. Because of the
seasonality of fieldwork, studies often do not fit into
one cycle (year), they have to be postponed for the next
year, increasing the test time and accumulating errors
in experimental results.

In the post-harvest period, the root and stubble
residues remaining in the topsoil (plow layer) exert a
great influence on the performance characteristics of
soil-cutting elements [2]. Therefore, laboratory research
methods are often the only possible ones.

THE RESEARCH PURPOSE is to determine the nature
of changes in cutting forces in the vertical and horizontal

S tudying the wear of soil-cutting working tools in
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planes, depending on the conditions and the degree of
wear of a soil-cutting wedge.

MATERIALS AND METHODS. The paper presents the
results of a laboratory study of power characteristics
in the wear of a soil-cutting wedge in an abrasive
medium including solid particles most often found in
soil (quartz particles of a size ranging from 0.05 to 0.5
mm) and paraffin with additional components to
change the properties of the abrasive soil environment
model. Another basic component of soil is clay particles,
which make soil plastic and determine its rheological
properties [3]. Under natural conditions, soil samples
of the same granulometric composition can change
their properties depending on humidity (weather
conditions).



The substantiation of the use of technical paraffin
with additives of ceresin and petrolatum as a binding
abrasive particle instead of moistened clay was based
with an analytical calculation of the similarity criteria
by V.A. Venikov’s method to ensure the compliance of
the soil model based on the sand-paraffin mixture with
the real soil conditions of different regions of the
Russian Federation [4, 5].

Preliminary tests have shown that the creep variation
curves of water-saturated chernozem samples with
different preliminary compaction are similar to the
samples when clay with water is replaced with technical
paraffin with various additives of abrasive (quartz)
and dust particles (cement, gypsum, etc.) in the soil
environment. The use of paraffin as a binder allows
obtaining a soil model that demonstrates stable properties
for along time. The choice of paraffin in the considered
studies was based on the experimental data of G.N. Si-
neokov, who noted that in wedge cutting at an ambient
temperature of 18-22°C, a mixture of paraffin with an
abrasive is destroyed by shearing, like loamy soils [6].
The results of laboratory studies have shown the
similarity of the wear pattern of blades in an artificial
abrasive material consisting of quartz sand and paraffin
with natural soil conditions. A back chamfer formed
on the blade and inclined at a negative angle to the
furrow bottom, and the forces of cutting resistance
increased.

The paper presents the laboratory study results
describing the action of cutting forces in vertical P,
(buoyancy force) and horizontal P, (resistance to
motion) planes (Fig. I).

Fig. 1. Scheme of a fragment of a laboratory installation for
determining the force characteristics with cutting forces in the
vertical (P,) and horizontal planes (P,):

1 — a drive mechanism with a dynamometer; 2 — a device for
sample setting; 3 — a prototype; 4 — an abrasive medium; b — the
back chamfer width, y — the inclination angle of the back chamfer
to the furrow bottom; [ — the length of the sample when it wears
out; ly— the length of the new sample

REesuLTs AND DIscussIoN. Experiments on the influence
of the cutting conditions on the traction resistance of
the soil-cutting wedge were carried out with samples
of steel 45 having an angle of sharpening of 6 = 30°

MACHINERY FOR SOIL CULTIVATION Hﬁ

and a thickness of the cutting edge of 0.2 mm. The
relatively sharp blade and the absence of the back
chamfer did not make a significant effect on the value
of PB and its values ranged around the zero mark. A
cross-planer was used as a drive mechanism.

Fig. 2shows the dependence of the traction resistance
P, of the soil-cutting wedge on the depth / and the

cutting speed v.
)
h /
12 /
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|
R

0
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Fig. 2. Effect of depth and cutting speed on traction resistance

With increasing depth / of cutting, the value of P,
continuously increases in a linear manner. This indicates
an increasing force in the detachment of shavings, the
dimensions of which increase in proportion to the
depth.

Measurements of traction resistance in field conditions
during testing on loamy soils (Fig. 3) have confirmed
the linear dependence obtained under laboratory
conditions within the limits of measuring the tillage
depth from 16 to 28 cm during plowing.

B e R 300

Fig. 3. Measuring plow traction resistance in field conditions

An increase in the velocity v also leads to an increase
in the traction resistance of a soil-cutting wedge, with
the value of P, increasing in a power-law dependence
on v, and the equation of the curve P, =f(v) is described
by an equation of the type y = ab®, where y and x
respectively denote P, and the velocity-dependent
coefficient v. This indicates that after reaching a certain
velocity range, the sizes of the soil fragments of the
formation begin to decrease rapidly (lumpiness). In
this case, the forces of resistance of the soil medium
to the wedge movement begin to increase rapidly, which
inevitably leads to an increase in the pressure on the
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cutting edge of the blade and, correspondingly, its more
intensive wear [7].

The influence of the cutting angle a on the traction
resistance P, of the wedge blade is shown in Fig. 4.

The curve P, = f (a) can be divided into three
characteristic regions. In section / a linear increase in
P.is observed with increasing a. Section /7 is distinguished
by a sharp increase in P, with a characteristic heel
region. In section /11 the curve again becomes flat and
further growth of P, is observed in a relationship close
to linear.

P, H I oo
8 >

; 1N 2

N — ?

; o
. /-
O : :

20 30 40 50 60 o,°

Fig. 4. Dependence of the traction resistance Pe on the angle o.

Analyzing the dependence of P, = f(a), we can
conclude that as the angle a is increased to 40° in the
section 7, the values of P, are increased due to an
increase in energy required to fracture the formation.
With an increase in a, the size of shavings decreases,
crumbling improves, accordingly, traction resistance
increases, as well as in the case of cutting speed increasing.
In section 77, within the range of the cutting angle from
40 to 55°, there is an area of a densified core formation,
where, as the blade moves forward, the friction of
abrasive particles with the metal surface is accompanied
by internal friction between the abrasive particles
periodically appearing before the blade, which increases
the cutting forces. In section /11, when « is more than
55°, further growth of P, is observed. In this case, in
addition to the densified core and increased energy of
formation fracturing, a gradual change in the pattern
of formation fracturing with the transition from shear
shavings (Fig. 5a) to shift shavings has a significant
effect on traction resistance (Fig. 5b).

The results of the conducted studies have shown
that when the type of soil destruction changes from
shear shavings to shift shavings, the energy of soil
destruction increases due to the replacement of the
fracture type as caused by the effect of normal tensile
stresses on fracture under the action of shear stress
tangent lines [8].

Fig. 6 shows the dependence of the cutting force P,
on the hardness of the artificial soil H (curve /) and
the distribution density in the amount of abrasive
particles p (curve 2).
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Fig. 5. Destruction of the formation with a transition from shear
shavings (a) to shift shavings (b)
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Fig. 6. The effect of hardness H and the distribution density of the
abrasive particles p on the cutting force P,

Ascan be seen from Fig. 6, the value of P.increases
with increasing H, and the function P, = f(H) is close
to linear and decreases with increasing p. The decrease
in the value of P, in the second case is caused by a
decrease in the values of the soil connectivity indicators
rand o due to an increase in the amount of quartz solid
particles larger in size than fine particles of pulverized
cement added to the «artificial soil» in experiments.

Under operating conditions, similar indicators are
obtained when processing heavy loamy soils with a
high content of fine clay particles, where the traction
resistance is much higher than on soils with a significant
content of larger quartz particles, for example, sandy
and sandy loamy soil types [9-12].

At the next stage of the study, the influence of the
parameters of the back chamfer of the wedge blade on
the cutting forces was determined.

For the experiments, two batches of worn samples
were prepared with an initial sharpening angle 6, of
30°. Samples of the first batch had the same angle
of sharpening after wear, equal to 60° (the angle of
inclination of the back chamfer to the furrow bottom
y was 10°), but different values of the back chamfer
width 5 = 0.5; 1.0; 1.5; 2.0; 2.5; 3.0 mm. This made it
possible to determine the effect of the width b of the
back chamfer on the cutting forces in two planes (ver-
tical P, and horizontal P,), regardless of the angle of
its inclination to the furrow bottom y (Fig. 7).

The results of the study on the influence of the back
chamfer width on the traction resistance of the soil-
cutting wedge have shown that with increasing para-
meter b, the values of both P, and P, increase as well,
and the intensity of growing the force P, considerably
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Fig. 7. Dependence of cutting forces P, and P, on the width b of
the back chamfer

exceeds the increase in P,. Hence it follows that the
value of parameter b (at y = 10°) has the greatest effect
on the deeper penetration of the wedge blade, while
the traction resistance with increasing parameter b
varies to a much lesser extent.

The second batch of samples had equal back chamfer
width b of 1.5 mm, but different wedge angles 6 = 40,
50, 60, 70 and 80°. The use of samples with the same
value of parameter b for setting at one cutting angle
a=20° and a single constant angle of initial sharpening
6, = 30° made it possible to determine the pattern of
changes in cutting forces as a function of the angle of
the back chamfer inclination to the furrow bottom,
the value of which was y = 6 — 6, — a (Fig. 8a).

Dependences of the cutting force components on
the angle y of the back chamfer inclination to the furrow
bottom are shown in Fig. 8b.

With an increase in parameter y, as well as b, an
increase in the values of P, and P, is observed, however,
there is no pronounced acceleration of growth of any
of the parameters as compared with the other, that is,
the angle y plays the same role in changing the vertical
and horizontal components of cutting forces, and its
increase leads to a decrease in deeper penetration and
an increase in traction resistance of the wedge.

In addition, an experiment was conducted to study
the cutting forces in the dynamics of wedge blade wear.
Fig. 9 shows the dependence of the indicators P, and
P.on the friction path S. The parameters b and y were
continuously varied.

As the blade wears out, depending on the path S,
the vertical component of the cutting forces P, sharply
increases, but the value of P, increases insignificantly.
This indicates that the blade wear has the greatest
impact on the penetration ability of the soil-cutting
wedge, while its traction resistance varies insignificantly.

The results of the conducted studies have shown that
the depth of the soil wedge mainly depends on the parameters
of the back chamfer and, in particular, on its width. As
a result of the conducted research, it can be noted that
the composition selected as a substitute for natural soil
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Fig. 8. Dependences of P, and P, on the inclination angle of the
back chamfer y
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Fig. 9. Dynamics of changes in P, and P, in the course of the blade
wearing

conditions, including abrasive particles of quartz sand
and paraffin, adequately reflects the processes occurring
in the natural soil environment when it interacts with the
working tools of tillage machines. Thus, if we compare
the data obtained in field studies on the wear of the blades
of soil-cultivating tools with the results of laboratory
studies, we can conclude that there is a direct relationship
between the width of the back chamfer and the angle of
its inclination to the furrow bottom. Laboratory tests
allow reproducing more precisely and accurately certain
factors, in particular, cutting conditions (speed, tillage
depth, geometric parameters of the blade typical for tillage
tools) and to determine their influence on the power
characteristics of the blade itself and the single blade in
the considered case, and not in combination with other
components, for example, plow-bottom share surface. In
this case, individual factors are superimposed, which
leads to distortion of the results and an increase in errors
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in the experimental data. Similar phenomena occur in
the study of the effect of physical and mechanical properties
typical for natural soil conditions, taken according to
individual criteria, which cannot be done under real soil
conditions, which can be divided into components
(hardness, cohesion of abrasive particles, the presence of
additional inclusions, etc.) only in laboratory studies.

The traction resistance of the soil-cutting wedge is
strongly influenced by physical and mechanical
properties of soil (abrasive medium), cutting conditions
(speed, depth, angle of the blade inclination to the
furrow bottom) and the degree of the blade blunting
(the sharpening angle).

ConcLusIOoNs

1. The most acceptable material replacing the natural
soil environment is an abrasive mixture with stable
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properties, regardless of the study duration, for example,
artificial soil mass based on solid abrasive particles
and paraffin.

2. The physical-and-mechanical properties of the
abrasive medium (hardness, cohesion of abrasive
particles, the presence of additional dust-like inclusions),
cutting conditions (speed, depth, cutting angle) and
the sharpness of a wedge blade (a degree of blunting)
have the greatest impact on the traction resistance of
the soil wedge.

3. The penetration ability of the soil wedge depends
on the blade wear characterized by the formation of a
back chamfer in the process of wear, that is inclined
at a negative angle to the direction of travel, where the
fundamental geometrical chamfer parameter acting
on the wedge penetration is its width.
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Abstract. Cultivator sweeps are placed remotely relative to each other or as parts of combined working tools with spherical
discs, chisels and other parts, so the propagation of a zone of soil deformation during their operation at different depths
and at different speeds is studied by designers for the calculation of technological runs in order to avoid their clogging with
soil. (Research purpose) To determine the dependence of the width of the soil loosening zone with a cultivator sweep on the
depth of travel and the speed of travel. (Materials and methods) Studies have been conducted on a stubble soil background
after harvesting of winter wheat. Humidity and hardness of soil at a depth of 0 to 30 centimeters varied accordingly from 9
to 13 percent and from 0.28 to 0.87 megapascals. The structure of the unit has been represented by the tractor MTZ Belarus
1221,2 and the cultivator KRN-5,6. Each section of the cultivator housed a universal sweep with a design working width of
220 millimetre. (Results and discussion) It has been found that a sweep forms a loosened strip and a strip of soil scattering,
the width of which depends linearly on the tillage depth ranging from 10 to 22 centimeters and varies in the range from 31 to
42 and 38 to 58 centimeters, respectively. The unit travel speed ranging from 3 to 13 kilometre per hour does not affect the
width of the loosening zone, and the zone of soil scattering increases according to the law of a weakly expressed quadratic
parabola. The authors present empirical dependences of the width of the loosening and scattering zones on the tillage
depth, the travel speed and the sweep width. (Conclusions) It has been found that the interval between the sweeps in one row
should not be less than the specified width of the loosening zone, which has been confirmed as exemplified by a successful
arrangement of working elements with a width of 410 millimetre on the combined units of the RVK series. Combined tools
work with high technological reliability for sunflower stubble, without being clogged with soil and plant residues during
the main field operations performed according to the minimal impact technology.

Keywords: zone tillage, moving apart the soil zone, depth of processing, movement speed, linear dependence, quadratic
parabola, cultivators-leveller of the soil.
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( jombinations of soil cultivating tools mounted
on one frame, and sometimes on one rack,
require the determination of the minimum

possible distance between the component parts, in
which the soil can move forward along the technological
passages without clogging. Cultivator sweeps are often
used in combination with spherical discs and chisel
elements. Of great interest to the designers of combined
tools are the issues of the propagation of the soil
deformation zone to various depths and for different
travel speeds to provide for the rational arrangement
of the sweeps on cultivator frames or sections for
continuous or inter-row cultivation.

The arrangement compactness of working tools is
necessary to reduce the size and metal capacity of the
product [1]. It is especially important to take into
account the trajectories of the soil layer movement
when setting up additional working tools for serially
produced tillage implements. For example, recent

studies on increasing the angle of turnover of soil layers
during reversible plowing have proved that to expand
the furrow, additional working tools should push the
overturned layer only after it has completed its turnover
[2, 3]. The subsequent layer will smoothly settle into a
wide furrow with a full revolution of 180°. As a rule,
when two working tools simultaneously affect the soil
layer or area, the deformation zones of the treated
medium must not be allowed to overlap. It is necessary
to distribute the formation of these zones in time or in
space, otherwise the probability of the tool failure will
increase because of the obstruction of technological
passages for the soil. The only exception is made for
active rotating or vibrating tools [3, 4]. With deep
loosening of the soil by the cultivator, its deformation
spreads forward and sideways. The range of soil
movements increases with the travel speed of the unit
[5-7]. The greater the travel speed and the depth of the
cultivator sweep are, the greater the force of interaction
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with the soil and the normal stress in the sweep construction
are, and this contributes to an increase in the range of
soil movement [8].

ReseARCH PURPOSE. Experimental study of the width
of the soil loosening zone tilled with a cultivator sweep
with a change in the tillage depth and the travel speed.

MaTeRIALS AND METHODS. Experiments have been
carried out on one of the farms in the Voronezh Region
on a stern background after harvesting of winter wheat.
Humidity and hardness of the soil at a depth of 0 to
30 cm varied accordingly from 9 to 13% and from 0.28
to 0.87 MPa. The unit composition was the tractor
MTZ Belarus 1221,2 and the cultivator KRN-5,6. Each
section of the cultivator was equipped with one pointed
universal sweep with a working width of 220 mm. In
afield section of 50 x 50 m the unit performed operating
runs with the preset tillage depth. The time was measured
with a stopwatch, the actual tillage depth and the width
of the loosened strips — with metal rulers. During the
data processing, average values of the measurement
results for all sections of the cultivator were calculated.

ResuLTs AND DiscussioN. It has been visually established
that the sweep wedges out the soil layer into two streams
as a result of the deforming effect of a working tool
shin. The loosened parts of the formation are displaced
in both directions from the sweep axis. Some amount
of the soil rises to the front of the rack, then slides off
it and is thrown aside. As a result of this action, a
groove is formed behind the sweep stand, the dimensions
of which increase with the speed and the tillage depth.
Ataunit travel speed of 10 km/h or more and a tillage
depth of 6-8 cm, the furrow bottom is bare.

The results of measurements of the width of the
tilled strip have shown that the loosening zone and the
soil dispersion zone should be distinguished. Dispersion
is always wider than loosening, and if we take it into
account when arranging the working tools on the frame,
we may get flaws in the process of the soil tillage. The
relationship between the loosening zone width and the
tillage depth has been determined at a speed of the
unit of 9-10 km/h. This relationship has turned out to
be alinear dependence (Fig. 1), it can be approximated
by the expression:

bprX = bKOH + 0‘91a’ (1)

where b, is the width of the loosening zone, cm;
bron — design width of the sweep, cm;
a is the tillage depth, cm.
The dependence of the dispersion zone width on
the tillage depth is also linear:

Dpass = byow + 1.65a,

where b,,,s 1s the width of the spreading zone, cm.
The influences of travel speed on the loosening zone

width at a tillage depth of 12 cm has not been revealed

(Fig. 2). The width of the loosened strip remained within
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Fig. 1. Dependence of the loosening zone width (1) and the soil
dispersion zone (2) on the cultivator sweep depth (experimental data)

33-35 cm, there are no trends to change it. As for the
width of the soil dispersion band, its dependence on
the travel speed can be approximated by a parabola:

Brass = brow + 15.65+ 0.056V, 3)

where V' is the unit travel speed, km/h.
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Fig. 2. Dependence of the loosening zone width (1) and the soil
dispersion zone (2) on the unit travel speed (experimental data)

The resulting empirical relationships were applied
in the design of cultivators-levelers RVK-6, RVK-4,
RVK-3. Their production was implemented by joint
efforts of Voronezh State Agrarian University and
machine-building small enterprises «Aqua-Svar» and
«VSZ-Holding, established on the basis of the Voronezh
machine-tool plant (Fig. 3).

These are trailed combination tools with different
working widths for attaching to tractors of traction
classes from 1.4 to 5. They are designed for minimal

Fig. 3. RVK-6 cultivator-leveler



tillage instead of plowing. The working tools are two
rows of spherical cutters with a diameter of 660 mm
and an individual frame attachment system, two rows
of pointed cultivator sweeps 410 mm wide, a double
supporting roller equipped with flat discs, and a rod
bar for final leveling of the soil surface. Individual
fastening of disks instead of the battery one reduces
the longitudinal size of the implement, especially when
setting large approach angles. In places where the outer
disks are turned with the concave part outward, at a
high travel speed, the soil is thrown far aside, so that
special screens are mounted on the frame to reflect the
dispersing soil inside the operating width. The set of
working tools on this combined implement ensures its
reliable operation on any soil background. It does not
require primary tillage (stubble cleaning) and can
prepare the soil from the stubble background in one
operating run to the full readiness state for sowing
winter crops. The maximum tillage depth is up to
20-22 cm. The advantages of combined cultivators
equipped with spherical discs and sweeps are manifested
in the reduction of energy consumption and good
leveling of the soil surface [9-10].

It is a common fact that disk tools form a wavy
bottom of the furrow. Given the diameter of discs is
660 mm, with a two-row arrangement at intervals of
500 mm in each row, a depth of 20 cm and an approach
angle of 25°, the height of residual ridges at the furrow
bottom is 18 cm. For leveling the furrow bottom, the
cultivator sweeps and disks are adjusted to the same
tillage depth.

The width of a loosening zone tilled with the cultivator
sweep is 59 cm in accordance with the expression (1).
As for the width of the dispersion zone, according to
expression (3) itis 65 cm, and taking account of expres-
sion (2) it can reach 80 cm. Therefore, when designing
the sweeps arrangement, the distance between them in
one row was assumed equal to 800 mm (Fig. 4). With a
410 mm operating width, the soil is completely cut with
minimal overlapping of cutting zones, only 0.5 cm, but
this is sufficient given the additional effect of the discs.

The longitudinal distance between the rows of
sweeps depends on the calculated speed of motion. To
avoid overlapping deformation zones, the soil raised
up by the front row should have time to return to the
field surface before the approaching of the rear row of
sweeps. The vertical speed of soil tossing with a sweep
can be calculated from the expression:

Viep. = Viga, mls,

where V' — the unit travel speed, m/s;

o 1s the sweep lifting angle, for universal sweeps
a=18°.

The tossed soil is up in the air for:

t= ZVBep.

g
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I

Fig. 4. Diagram of the arrangement of working tools on the
cultivator-leveler RVK-4 (top view): 1 — two rows of spherical
disks; 2 — two rows of sweeps; 3 — two-shaft needle roller

where g is the acceleration caused by gravity, m/s>.

Of all the variants of standard cultivator sweeps,
the widest widths have been chosen to be as wide as
possible in order to avoid the stocking of racks. If on
the field there are residues of long-stemmed crops,
numerous racks work like a rake, accumulating surviving
stalks.

At the estimated speed of the unit travel 1'=3.33 m/s,
the initial sped of tossed soil is V= 1.07 m/s, the tossing
time ¢ = 0.22 s, the minimum distance between the
sweep rows is L = V¢t = 0.71 m. This distance is also
provided between rows of cultivator sweeps in a series
of cultivators-levelers of the RVK type. Such a design
allows to avoid clogging with soil and plant residues,
even over untouched sunflower stubble, and prepare
the soil for sowing grain in one operating run (Fig. 5).

ConcLusions. The width of the soil loosening zone
tilled with a universal cultivator sweep linearly depends
on the tillage depth ranging from 10 to 22 cm and varies
from 31 to 42 cm with a design operating width of
22 cm. The dispersing zone of the loosened soil also
depends linearly on this parameter and varies from 38
to 58 cm at the same tillage depths. The unit travel

-ty o S 5k

o

Fig. 5. RVK-4 cultivator-leveler operating on sunflower stubble
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speed varying from 3 to 13 km/h has no effect on the
loosening zone width, and the zone of soil dispersion
increases according to the law of a weakly expressed
quadratic parabola.

When the cultivator sweeps are placed on the
implement frame, the interval between them in one
row should be designed to be greater than or equal to
the width of the soil dispersion zone (if possible), and
necessarily larger than the loosening width determined
from the given graphs. The soil dispersion forms a

Hﬁ MACHINERY FOR SOIL CULTIVATION

smaller thickness of soil layers, which does not clog
technological passages between the sweeps.

A series of unified trailed combination RVK
cultivators-levelers with different operating widths
designed according to the results of the given calculations,
operates with a full coefficient of technological reliability,
without clogging with soil and plant residues during
the main tillage operations of the minimal impact
technology.
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Abstract. Disk-type spherical working tools are widely used in soil-cultivating machines, where they serve as an element
base for combined units and disk harrows, including the multi-row ones with disks on individual racks. The tools are used
in the implementation of traditional technologies based on reversible plowing, with surface tillage after late-harvested
predecessors, for example, corn, sunflower, and also in NO-TIL technologies. (Research purpose) To determine the
arrangement of working tools on the disk harrow frame, which reduces the required number of disks and improves the
quality of soil cultivation. (Materials and methods) The authors have analyzed the arrangement of disk harrow working
tools and determined their rational arrangement and mutual positions in the rows, which increases the tillage width
between adjacent soil strips, thus improving the completeness of soil shearing and loosening over the entire operating
width with simultaneous decreasing of the required number of disks. (Results and discussion) The authors have determined
the interrelated arrangement of disks in their rows, aimed at improving soil shearing, so that the number of strips tilled
into a ridge by adjacent disks increases. It has been shown that the arrangement of working tools of the consecutive
row determined by the orientation of the adjacent disks of the previous row, allows to economize one working tool for
every 400 millimetre of its operating width when shearing the soil all the way across the entire width of the disk harrow.
(Conclusions) It has been established that when soil is tilled with a disk and moved toward the already processed adjacent
strip, the technological width of the disk coverage increases due to the deformation of soil tearing and shearing. The
authors have proposed the arrangement order of spherical disks and their mutual orientation, which improves the quality
of soil cultivation, the completeness of soil shearing along the entire operating width, and leads to a reduction in the
number of disks.

Keywords: soil cultivation, disk harrow, disks arrangement, reduction of the number of disks, completeness of soil shearing.
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grotechnical requirements for soil cultivation
Aby disk harrows depend on its purpose: pre-

sowing tillage after reversible plowing, or basic
surface tillage, or other type. In this case, the most
important requirement for a disk harrow is the completeness
of soil shearing and shifting the soil layer along the
entire operating width. This requirement should be
met by multi-row harrows with front disks on individual
racks. The parameters for arranging disks in such
harrows are selected experimentally. Increasing the
number of disks per unit of width increases their cost
as compared to traditional battery-type harrows, and
worsens the stability of their performance in heavily
foul fields.

THE RESEARCH PURPOSE is to improve the quality of
soil cultivation and reduce the necessary number of
disk working tools by correcting their arrangement on
the harrow frame.

MaTerIALS AND METHODS. When a flat disk with an
approach angle o is operating, the soil is subject to the
deformation of compression and shearing. When a

conical or spherical disk deviated from the vertical
plane by the angle fis used, there is a kind of tear and
shear deformation. This makes it easier to lift the soil
layers up along a spherical or tapered disk. A single
disk, as a rule, loosens the monolithic soil only by the
width of a strip cut in it by a section in the form of a
segment of an ellipse with a chord at the soil surface
level (Fig. 1) [1-3].

However, the lateral tear and shear stresses made
by the disk can destroy an additional strip of soil
produced by the front disk between the tilled and
already treated soil [4].

The length of shearing elements formed as a result
of tearing and shearing depends on the width of the
soil strip between the strip cut by the disk in the monolith
and the soil with a structure broken by the front disk
processing the adjacent strip. This length should be
less than the average chip length, since the disk moves
in the longitudinal direction, and lateral destruction
of the additional soil strip occurs only as a result of
the temporary action of normal stresses on the partition
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Fig. 1. The profile of the soil cut out of a monolith with a spherical
(concave) disk with an approach angle o and inclination angle
(e is the depth of treatment)

wall until the first shearing element is formed in the
lateral direction (Fig. 2) [5].

The width of additionally cultivated soil strip

Not cultivated

Soil with pre-fractured structure

Line of soil shearing and shifting

Fig. 2. An increase in the width of the strip tilled by the disk due
to tearing and shearing between the strips of tilled and already
cultivated soil

Thus, two disks located one after another in different
rows till adjacent strips of soil, while the second disk
makes soil ridges or pushes the soil aside in the same
direction as the first one. Then, with the same parameters
of both disks, the second one can till the soil of a larger
width than the first one by the length of one shearing
element. The length of one fragment depends on the
soil type and structure, its moisture, hardness, the
presence of root residues, operating modes and parameters
of the disk tool (tillage depth, unit travel speed, an
approaching angles and disk inclination), the values
of which vary on the same field and have a random
character [6, 7].

To clarify the correction factor of the planned disk
operating width, depending on their location relative
to the adjacent front disks, the authors have conducted
experimental studies and recommended rational
arrangement of working tools.

ResuLTs AND DiscussioN. Disk harrows with individual
fastening of working tools to the frame, despite the
small inter-disk distance, leave untilled strips on the
dense soil. This is the result of incorrect arrangement
of working tools on the frame. The width of the strip b
tilled separately by the mounted disk is [8, 9]:
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b= \/4en sin® (2R cos f—e, ) cos® 3, D

where e, is the agrotechnically permissible height of
the longitudinal ridge formed between adjacent runs
of two disks; R is the disk radius; a is the approaching
angle of the disk; £ is the slope angle of the disk. The
width of the tilled soil strip.

Figure 3a shows a fragment of the technological
scheme of most frontal multi-row disk harrows with
individual fastening of the working tools. The variants
of the mutual arrangement of pairs of working tools
that till adjacent soil strips (pairs 1-2, 2-4, 3-4 and 1-3).
Their characteristic feature is that only in one pair (3-4)
the disk located at the rear part tears and shifts the soil
towards the furrow open in front of the disposed disk
of the same pair. Such a pair is called an effective pair.
In the technological layout of the working tools proposed
by the authors (Fig. 3b), there are three effective pairs
(1-4, 2-3, 1-2) and one non-effective — (3-4).

Direction of movement Direction of movement

a b
Fig. 3. Fragments of the technological schemes of disk harrows:
with the approaching angle, the disks opposite to the approaching

angle in the previous row (a), and with the soil tillage as a result
of its tear or shear deformation (b)

The results of the calculations and experimental
studies have shown that when mounting disks with a
diameter of 560 mm at a distance of 400 mm in one
row according to the scheme (1-4-3-2), the technological
width of the effective pairs of disks was an average of
50%. The effective operating width is given by:

b= k\/4en sin® (2R cosﬂ—en)cos2 B, 2
where k 1s the coefficient of an increase in the width
of the tilled strip.

Itislarger than that of conventional inefficient pairs
and depends on soil conditions and disk parameters
[10-12]. If the technological width b of the strip tilled in
the monolith is 80 mm, then taking into account tearing
off or shifting in the transverse direction, the pair of
disks will process a strip with a width of 100-130 mm,
that is wider by 20-50 mm. For a full 4-row disk harrow
of a four-meter-long operating width, 32 disks instead
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of 40 are sufficient for the entire width of the soil area.
With their traditional arrangement, complete soil
shearing is not achievable, and with the recommended
arrangement, a smaller number of disks are provided [13].

CoNcCLUSIONS

1. When arranging working tools on disk harrows,
it is necessary to take into account the dependence of
the technological width of the tilled strip on each
working element on the relative position of a pair of
disks that tills adjacent strips of soil.

MACHINERY FOR SOIL CULTIVATION | j

2. When the soil is tilled with a disk, moving it
towards the already cultivated adjacent strip, the disk
operating width increases by a factor of 1.3-1.7 due to
the manifestation of the tear and shear soil deformation.

3. For a wide-spread 4-row disk harrows with disks
of 560 mm in diameter with an approaching angle of
18° and an inclination angle of 10-11°, the number of
disks can be reduced by 20%.
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