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Abstract. The aim of the study is to develop a machine for preparing the soil for sowing melons under a
tunnel film. The authors have developed a machine for preparing the soil for sowing melons under a tunnel
film, which is equipped with deep-diggers with an inclined stand of the "paraplau” type, a furrow maker and
rotary working bodies. A design diagram and a fragment of the machine operation have beak given. The
basic principles and methods of classical mechanics, mathematical analysis and statistics were used in this
study. Tests have established that the developed machine reliably performs the specified technological
process and its performance indicators fully meet the requirements. When using the developed machine for
preparing the soil for sowing melons under the film, the direct cost of processing one hectare of area is
reduced by 33.4%. The study's goal is to create a machine that prepares soil for seeding melons under a
tunnel film. The authors have created a machine that includes deep-diggers with a "paraplau” style inclined
platform, a furrow maker, and rotating working bodies for preparing the soil for planting melons beneath a
tunnel film. A design schematic as well as a portion of the machine functioning has been provided. In this
work, the fundamental concepts and methodologies of classical mechanics, mathematical analysis, and
statistics were employed. The created machine reliably executes the required technical procedure, and its
performance indicators completely fulfill the criteria, according to tests. The direct cost of processing one
hectare of land is lowered by 33.4 percent when utilizing the developed machine to prepare the soil for
growing melons beneath the film.

1 Introduction

The development of aggregates for combining various operations for the cultivation of melons has become possible
due to the creation of an appropriate technical and economic base: equipping the agriculture of Uzbekistan with
energy-saturated tractors, that is, obtaining the necessary mobile energy sources of high power; improving the quality
of manufacturing parts, components and aggregates, the use of high-quality metals and polymers for the manufacture
of agricultural machines and aggregates; providing agriculture with high-quality materials (seeds and fertilizers). With
the introduction of combined aggregates, the problem of reducing the number of passes of agricultural machines
through the field will be solved; therefore, the problem of reducing excessive compaction of the soil by the wheels of
energy and technological machines will also be solved. Numerous studies in our country and abroad show [1, 4, 7, 9],
that one of the many causes of wind erosion of the soil is the destruction of its wheels by energy and technological
machines as a result of multiple passes of aggregates. Despite the relevance, the issue of reducing the number of
passes of aggregates and the number of soil treatments during the cultivation of melon crops has not been sufficiently
studied.

Modern agricultural production in Uzbekistan requires solving the problems of increasing the yield of melons,
preserving effective and potential soil fertility on the basis of resource-saving soil protection technologies that provide
complex mechanization of all technological operations [1-23]. The most important link in the system of cultivation of
melons is tillage. Success largely depends on the timing and quality of the work, the perfection of the machine design.
Mamatov [1, 3, 7, 9, 13], Aldoshin [3, 10, 11, 19, 20], Ismoilov [3], Mirzaev [4-12, 14], Chuyanov [5], and
Fayzullaev [2, 24-27], Engdawork and Bork [28], and Asoegwu [29] conducted studies on various designs of working
bodies and design schemes of tillage machines for melon cultivation. However, these studies have not sufficiently
studied the issues of improving the tillage machines of melon cultivation for rain-fed agriculture.

The purpose of the study is to develop a tillage machine that prepares the soil for sowing melons under a tunnel film.

2 Methods

A tillage machine based on deep-drilling working bodies of the "paraplau" type, designed to prepare the soil for

* Corresponding author : xfayzullayev77@mail.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 304, 03012 (2021) https://doi.org/10.1051/e3sconf/202130403012
ICECAE 2021

sowing melons, has been developed. Machining machine (Fig.1) frame 1 and mounted suspension 2, wheels 3, axle
claw 4, right and left pair of pits 5 and 6, beam 7, parallelogram mechanism 8, rotary worker the organ consists of 9.
The processing machines are aggregated with Class 2 tractors.

The frame is fixed to the frame by means of an axial claw, recesses and a trench (fixed) the rotating working body is
hinged (movable) by means of parallelogram mechanisms. During the work, the pavement softens the cultivated strip
to a depth of 8-10cm, the furrows soften the planting zone, the furrow forms an irrigation ditch, and the rotary
softeners soften the top of the buds along the seed or seedling line, in which a soft layer forms.

The machine prepares the entire tunnel to be planted with seedlings in one pass through the field.

To study the transverse and longitudinal distance between deep drillers, as well as the working speed on their traction
resistance and the degree of soil crumbling, experiments were conducted to justify the mutual location of deep drillers.
At the same time, the longitudinal (X;) and transverse (X,) distance between the deep drillers, the processing depth
(X3) of the deep drillers, as well as the speed of the unit (X;) were chosen as the main factors.

Fig.1. Constructive scheme of the tillage tool (view from above): 1 — frame; 2 — hanging device; 3 — base wheels; 4 — story claw; 5
and 6 — left and right pits; 7 — drain; 8 — parallel mechanism; 9 — rotary working body

The degree of soil crumbling (), that is, the amount of fraction less than 50 mm in size and the traction resistance
(Y>) of deep-diggers were taken as evaluation criteria.
Processing of the results was processed according to the "PLANEX" program. At the same time, the Cohren criteria
were used to assess the adequacy variance, the Student's criterion was used to assess the values of the coefficients, and
the Fisher criterion was used to assess the adequacy of regression models.
The experimental results were processed according to the specified procedure and the following dependencies were
obtained:

- by loosening the soil (%) :

Y, = 82,501+5,507 X,- 2,960 X, -0,917 X;+5,100 X,-2,718 X *+
+1,562X,X, +1,121X,X,+1,715 X,>-0471 X:X5--2,813 X:X-2,518 X;+0,965 X /; 1

- according to the specific traction resistance of the deep loader (xN) :

Y, = 6,467-1,122 X;-0,853X,+1,480 X5+0,515 X,+0,681X -
- 0,]24X1X2+0,]98 X1X3-0,049X1X4+1,] 73 X22-0,577X2X3-
-0,449 X,X,-0,341X5° +0,103X3X,+0,324 X/ ®)

3 Results and Discussions

The analysis of the obtained results showed that all the parameters had a significant impact on the evaluation criteria.
When determining the values of the optimal parameters, the regression equations (1) and (2) were solved together
using the MS Excel and Planex programs. When solving the regression equation together, the following conditions
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were accepted: criterion Yj, that is, the amount of fraction less than 50mm in size should be at least 80%, as well as
criterion Y,, that is, the traction resistance of the deep loader should have a minimum value.

It was found that at a processing depth of 25-33cm, the longitudinal distance between the paired deep dryers should be
within 75-78cm, and the transverse distance should be within 55-61cm.

Based on the results of theoretical and experimental studies, an experimental sample of a combined machine was
made (Fig.4).
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Fig.2. Dependence plot of soil crumbling on pre-sowing speed: 1, 2 and 3, respectively, at a depth of 25, 29 and 33 cm
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Fig.3. Plots of soil crumbling as a function of longitudinal spacing of no-till tools: 1, 2 and 3, respectively, at a depth of 25, 29 and
33 cm
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Fig.4. General view of the combined machine in the unit with the tractor T 1

00 A(side view)
The main parameters of the working bodies of the combined machine are: the angle of entry of the deep-dredger bit

200; the width of the bit 5 cm, the maximum depth of processing of the deep-dredger 35cm, the height of the deep-
dredger 75cm, the longitudinal distance between the deep-dredger and the pointed foot 40cm, the transverse distance
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between the deep-dredger and the support wheel 10cm, the longitudinal distance between the deep-dredger and the
furrow cutter 50.6cm, the longitudinal distance between the furrow cutter and the rotary working body 123 cm. The
working width of the developed machine is 1.4m, the depth of tillage is 30-35cm, working speed is 6-9km/h.

In one passage, the following parameters of the soil preparation machine, which prepares the field for planting
melons, were identified: depth of cultivation; quality of soil compaction; relief of the planting area; width and depth of
irrigation ditches; work productivity; fuel consumption.

=l A
Fig. 5. Fragment of the combined machine operation

Table 1. Combined machine test results

Name of indicators According t‘o agrotechnical Based on the test results
requirements
Operating speed, km / h 6-9 7.3
Depth of planting area (pits), cm: M.
+o from 30 cM to 35 cm 334
v; % +2 1.6
<10 6.2
The amount of the following size fractions in the
soil of the area treated by the pits, %
> 50 mm
50-25 mm <10 9.1
<25 mm - 9.8
>80 81.1
Depth of irrigation ditch, cm 25+3 24.9
Width of the irrigation furrow, cm
50+3 50.4
Fuel consumption, kg / ha no information 10.5
07—
h,cm!

10+

10 20 30 40 50 60 70 80 90 100 110 120 130 Cn{40
Fig. 6. Cross-section profile of the field after processing by the machine

The research was conducted in 2018-2019 in the Kashkadarya region of Uzbekistan on bogar. The type of soil is a
typical light gray earth. The hardness and humidity of the soil along the horizons of 0-10, 10-20, 20-30 cm was 1.87;
1.19; 1.92;2.33 MPa and 17.9; 17.7; 17.5; 16.9 %.
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The technical characteristics are determined by the "Tests of agricultural machinery. Machines and tools for surface
tillage. Program and test methods”, "Testing of agricultural machinery. Machines and tools for deep tillage. The
program and test methods™ and "Tests of agricultural machinery. Methods of energy assessment”.

In the tests, the machine was aggregated with a TL 100A tractor (Figure 5). Table 1 shows the results of the combined
machine tests. The trials were conducted in the fields intended for planting melons in early spring (Fig.5).

These data show that the performance of the combined machine meets the agro-technical requirements.

The combined machine developed in the tests performed the specified technological process completely and reliably,
and the test results fully meet the requirements.

Calculations show that the use of a combined field preparation machine for planting melons under a closed tunnel film
reduces the direct (operating) costs per 1 hectare by 33.4%.

4 Conclusions

The test results have established that the developed machine reliably performs the specified technological process and
its performance indicators fully meet the requirements.

The use of a tillage machine for sowing melons developed on the basis of research for tillage during preparation
provides a reduction in direct costs for processing 1 hectare of area by 33.4 %.
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