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Abstract. Sugar beet haulm is a valuable animal fodder or a raw material for biogas generation. The most
important indicator of the work of the cleaners is their energy-power characteristics since they affect the amount
of the operating costs and the economic performance, on the whole. The purpose of the experimental
investigations was to determine the nature of the change in the torque moment and power on the drive of the
vertical cleaner, tractive power, as well as the draft resistance of the root crop head cleaner. Experimental
investigations were carried out under the field conditions. In order to study the draft resistance of the working
tool, the tensometry method was used. Dependences of the change in the tractive power and the torque moment
upon the speed of the movement of the experimental root head cleaner from the haulm residues have been
determined. The rational modes of operation of the cleaner are: the forward speed of its movement, equal to
1.5 m-s™, the angular speed of rotation of the cleaning tool must be within 60.0...63.0 rad-s™". The completeness
of cleaning the root crop heads from the haulm residues by the experimental cleaner is 95.9 %, the degree of
throwing of the haulm and the plant residues beyond the row is 99.96 %.
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Introduction

Sugar beet cultivation is an important branch of agriculture in many countries [1-3]. Sugar beet
harvesting is the most important and expensive technological operation. In order to achieve that the
sugar-bearing root crops be stored for a certain period and did not contain unnecessary impurities
during their processing, they must be separated from the haulm [4].

Sugar beet haulm is a valuable animal fodder or a raw material for biogas generation. Since
significant cutting of the upper part of the root crop is not acceptable because of a considerable loss of
the sugar-containing mass, it is usually carried out by cutting the haulm above the head of the root
crop with the following additional cleaning of the remaining residues of the haulm using special
machines or devices. After such an operation the roots are completely freed from unnecessary
impurities and can be successfully used for storage and processing.

There are several types of designs for cleaners of the root crop heads from the residues of the
haulm, and each of them has both advantages and disadvantages [5-6]. Good agrotechnical indicators
under the conditions of Ukraine is a feature of the blade cleaner developed by us [7]. The most
important indicator of the work of the cleaners is their energy-power characteristics, since they affect
the amount of the operating costs and the economic performance, on the whole.

The work of the cleaners was investigated by many scientists [1;3;7], yet, the issue of finding less
energy-consuming technical means still remains urgent.

In order to find rational design and technological parameters of the working tool of the cleaner of
improved design, developed by us we conducted investigations to determine the nature of the change
in the energy-power factors depending on two kinematic parameters: the forward speed of the cleaner
movement and the angular speed of rotation of its cleaning tool. The purpose of the experimental
investigations was to determine the nature of the change in the torque moment and power on the drive
of the vertical cleaner, tractive power, as well as the draft resistance of the root crop head cleaner.

Materials and methods

To carry out the experiments, an aggregate was made of an MTZ-80 wheeled aggregating tractor
and an experimental field installation for cleaning the root crop heads by an experimental tool (Fig. 1)
connected to a tensometric station (which, during the research, was moving side by side with the
experimental installation) (Fig. 2).

The energy-power research was conducted at a constant position of the working blades relative to
the surface of the soil. Based on the results of the technological research, the most efficient mode of
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operation of the cleaner was established, depending on the installation height of the cleaning blades.
Therefore, we had selected the minimum installation height of the working blade, which was 0 cm

above the soil surface.

Fig. 1. Improved beet root head cleaner
from haulm residues without extracting
roots from the soil

Fig. 2. General view of experimental installation
under field conditions, connected to mobile
tensometric station

The tensometric test was conducted at the Ukrainian Centre for Testing Technology (UkrCIT,
Research Centre in Kiev region). The experimental research was carried out according to the standard

methodology of energy estimation [8;9].

When conducting the research, two factors were changed: the speed of the movement and the
angular speed of rotation of the cleaning tool. The tensometric tests were conducted in each mode of
operation in five replications in accordance with the adopted methodology [10-14].

The main results of the technical and operational tests of the improved cleaner of sugar beet heads
from haulm residues are presented in Table 1. The conditions of the experimental field investigations

are given in Table 2.

Table 1
Results of the technical and operational tests of the improved cleaner
According to the data of A .
Indicators technical specifications ccording to
. the tests
(requirements)
Efficiency, ha h:
basic 1.78...2.16 1.64
operational 0.98...1.30 0.65
Working speed, km-h ' 6.5...8.0 6.9
Working width, m - 0.5
Number of the treated rows processed, pcs. — 1
Travelling speed, km-h ™' - up to 20
Number of the operating personnel - 1
Reliability coefficient of the technological process Not less than 0.95 0.95
Outline dimensions in a working position, mm:
length - 720
width - 1530
height - 850

A field experimental installation was created for experimental investigations of the energy
characteristics of the developed cleaner, simulating the operation of a single cleaning tool, which was
equipped with tensometric sensors. The scheme of the installation is shown in Fig. 3.

The tensometric (strain gauge) sensor (Fig. 4) records changes in the resistance moment on the
power take-off shaft of the aggregating tractor, which, in turn, makes it possible to determine the
power on the drive the investigated cleaning tool of the root head cleaner from the haulm residues
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without extracting the roots from the soil. By means of this sensor the speed of the rotational
movement of the cleaning tool was also measured.

Table 2
Conditions of the experimental field investigations
According to
. the data of According to the
Indicator .
technical tests
specifications
Characteristics of sugar beet:
Deviation of the root crops from the theoretical axis - 7.2
of the row, % - 15.8
0 mm - 20.9
+ 10 mm - 30.9
+ 20 mm - 25.2
+ 30 mm
+ 40 mm and more
Spacing of the root crop heads relative to the soil
surface level, % - 0.0
from 0 mm to 20 mm - 36.4
from + 20 mm to + 40 mm - 22.7
from + 40 mm to + 60 mm - 19.3
more than + 60 mm to + 80 mm - 114
more than + 80 mm - 10.2
Main inter-row spacing:
medium, cm - 44.5
mean square deviation, + cm + 03 1.0
Plant spacing:
average distance between the roots, cm _ 26.8
Plant density, thousand pieces-ha - 82.9
Biological yield of the root crops, t-ha™' 70.0 53.3
Biological yield of the haulm, t-ha™ 20.00 13.3
Type of soil and name by the mechanical - Low-humus
composition chernozem
Relief up to 7° Flat
Soil moisture in a layer, %
0-10 cm 20.0:23.0 22.5
10-20 cm - 22.1
20-30 cm - 22.6
Soil hardness in a layer, MPa: 0-10 cm - 1.1
10-20 cm - 2.0
Weediness of the field: pieces / m” (up to 100 cm Not more than
high) 5.0 4.0
- Winter wheat,
Precursor and pre-treatment of soil inter-row
loosening

The installation was also equipped with a measuring wheel (Fig. 5), which made it possible to
measure with high accuracy the forward speed of the movement of the experimental installation with
an installed root head cleaner along the axis of the row of the sugar beet plantations. Tensometric
sensors were also stuck on the rear semi-axle of the aggregating tractor, which made it possible to
measure the torque moment on its semi-axles during the experimental investigations, and then to
calculate the draft resistance of the improved root crop head cleaner from the haulm residue, using a
computer program.
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Fig. 3. Block diagram of measuring equipment: SAB — discrete sensor; DSG — discrete signal
generator; CB — control board; DC — display console; PS — power supply

Fig. 4. Tensometric sensor of drive of root Fig. 5. Tensometric sensor of drive of root
crop head cleaner crop head cleaner

The experiments were carried out at three speeds of the movement of the aggregating tractor: 0.8,
1.3 and 1.9 m-s”'. These speeds of the aggregating tractor determined the speed ranges for conducting
the experimental field investigations, since the data from the sensor readings of the track measuring
wheel were transmitted to the computer, which determined the exact value of the forward speed of the
experimental installation. At each speed of the movement, by replacing the drive sprocket of the
cleaner tool of the cleaning device, its rotation frequency was changed three times, and it
corresponded to the following values: 448, 540 and 734 revolutions per minute. The exact value of the
rotation frequency of the cleaning tool for each drive sprocket was thoroughly tested under laboratory
conditions, using a tachometer. The experimental studies were conducted at a constant position of the
cleaning shaft with flexible blades in a vertical plane, i.e. at a constant height of its installation above
the surface of the soil. All the experiments were performed in triplicate according to the developed
methodology.

Results and discussion

By means of the results of the tensometric tests and their processing, using statistical methods,
graphical dependencies were built on the PC, presented in Figs. 6-9, characterising the change in the
energy indicators of the work of the improved cleaner depending on the change in its forward speed.
Analysis of the dependences, presented in Fig. 6, shows that, with increasing the forward speed of the
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cleaner from 0.75 m-s™ to 1.1 m-s™, the torque moment gradually decreases from 6.0 N-m to 4.25 N-m
(Curve 1), and from 7.5 N-m to 5.95 N-m (Curve 2), the corresponding angular speeds of rotation of
the cleaning shaft being 78.6 rad-s™ and 56.5 rad-s™. With a further increase in the forward speed up to
2.0m-s’, a significant increase in the torque moment is observed, respectively, up to 19.0 N-m with
an angular speed of rotation of the cleaning tool, equal to 78.6 rad-s™, and up to 15.5 N-m with an
angular speed, equal to 56.5 rad-s™. At the angular speed of rotation of the cleaning shaft, equal to
46.9 rad-s', the torque increases throughout the entire range of changes in the forward speed of
movement from 3.5 N-m to 10.5 N-m. This is a witness of a fairly stable energy process, observed
during the cleaning of the sugar beet roots from the haulm residues without extracting the roots from
the soil.

There is a similar increase in the resistance force to the movement of the improved cleaner
(Fig. 7), yet, the increase in the resistance force is insignificant — from 0.047 to 0.06 kN (Curve 1), and
from 0.063 to 0.073 kN (Curve 2), respectively, at @ = 78.6 rad- s' and w=56.5rad-s™.

The dependence of power on the drive of the cleaning tool, which was recorded by the sensor,

installed on the power take-off shaft of the aggregating tractor, upon the speed of the cleaner,
presented in Fig. 8, shows that the maximum value of power does not exceed 1.5 kW.
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Fig. 6. Dependence of torque moment upon speed of movement of cleaner:
1-w=78.6rads";2 - w=565rads";3 - w=46.9 rad-s”
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Fig. 7. Dependence of resistance force to movement of cleaner upon speed of its forward
movement: 1 — w=78.6-rad-s’: 2 — w=56.5 rad-s™

The change in the tractive force, depending on the speed of the forward movement, occurs almost
according to a linear law (Fig. 9), the decrease in the angular velocity of rotation of the pre-cleaning
tool in the range 78.6...56.5 rad-s™ not leading to significant changes in the tractive force (Curves I,
2). After the analysis of the data of the tensometric tests one can draw a conclusion that rational modes
of operation of the root head cleaner from the haulm residues are: the forward speed of its movement
should be equal to 1.5 m-s™, the angular speed of rotation of the cleaning tool should be within the
limits 60.0...63.0 rad-s™". We have also conducted a comparative assessment of the efficiency of using
energy by the root head cleaner from the haulm residues, developed by us, with similar indicators of
commercially available trailed root head cleaners from the haulm residues of the OGD-6 and OGD-6
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B brands, the results of which are presented in Table. 3. Besides, the indicators of the energy

efficiency of the root head cleaner from the haulm residues, developed by us, were averaged
considering its sextuple application.
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Fig. 8. Dependence of power on PTO shaft upon speed of movement of cleaner:
1-w=78.6rads";2 - w=56.5rad-s";3 - w=46.9rad-s’
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Fig.9. Dependence of tractive force upon forward speed of movement of cleaner:
1-w=78.6rads";2 - w="56.5rads";3 - =469 rad-s”

As it is evident from the data of this comparative assessment, the draft resistance of the cleaner,
developed by us, is 3.5...4.0 times less than that of the basic cleaners, the tractive power is also less
approximately 3.0...4.0 times, the torque moment is 2.5...3.5 times, and the power on the drive of the
cleaner is almost 3.5...4.0 times. Alongside with the energy assessment, agrotechnical tests of the
developed cleaner with justified structural and kinematic parameters were carried out. The indicators
of the quality of work were determined according to the developed methodology. The installation
height of the blade above the soil surface is 0.0 cm, the angular speed of rotation of the vertical

cleaning shaft is 76.8 rad-s™, the forward speed of the aggregate is 1.8 m-s™, the length of the working
blade is 20 cm, and its width is 5.0 cm.

Table 3
Comparative assessment of the energy efficiency indicators of the root crop head cleaners from

the haulm residues of various types

Indicator OGD-6B OGD-6 The experimental
cleaner
Speed of the movement, m-s™' 1.82 1.81 1.96
Draft resistance, kN 1.40 1.70 0.40
Tractive power, kW 2.50 3.10. 0.80
Torque moment on the PTO shaft, N-m 209.40 280.00 81.20
Power on the power take-of, kW 13.50 18.00 4.80
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As a result of the agrotechnical research, it was also established that, when using the experimental
cleaner, the completeness of cleaning the root crop heads from the haulm residues is 95.9 %, the
degree of throwing of the haulm and the plant residues beyond the row is 99.96 %, which not only
satisfies the agrotechnical requirements for cleaning the sugar beet heads from the plant residues, but
also significantly excels them.

Conclusions

1. Dependences of the change in the tractive power and the torque moment upon the speed of the
movement of the experimental root head cleaner from the haulm residues have been determined.

2. The rational modes of operation of the cleaner are: the forward speed of its movement, equal to
1.5 m-s™, the angular speed of rotation of the cleaning tool must be within 60.0...63.0 rad-s™.

3. The completeness of cleaning the root crop heads from the haulm residues by the experimental
cleaner is 95.9 %, the degree of throwing of the haulm and the plant residues beyond the row is
99.96 %.
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