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New model of agricultural machine for combined soil tillage with increased productivity
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Abstract: The paper presents a new model of an agricultural machine for combined soil tillage, designed mainly for pre-sowing soil
preparation in field crop production and horticulture. The machine combines several technological operations in one pass: cutting and
lifting of the untreated soil layer, crushing of soil clods, shredding of plant residues and regulated discharge of the processed material
through a grid system. The proposed construction is based on a tractor-mounted implement with two rotating drums equipped with radial
hammers, a wedge-shaped comb knife, an intermediate grid, an outlet grid and a rear cover for controlling the size of the processed soil
aggregates. The expected increase in productivity is related to the replacement of several consecutive tillage operations with one combined
pass, which may reduce field time, fuel consumption, labour input and soil compaction. Since experimental field data are not yet available,
the paper also proposes a methodology for future testing, including evaluation of effective field capacity on the machine.
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1. Introduction installed between the working elements in order to guide the soil
’ flow and improve the crushing process.

Modern agricultural production requires soil tillage machinery
that ensures high-quality soil preparation, reduced energy
consumption, and a lower number of field passes [1, 2]. In
conventional pre-sowing preparation, the soil is often treated o working width: about 1.40 m;
through several separate operations, such as ploughing, harrowing,
cultivating, and levelling. This approach increases labour input, fuel

The approximate main dimensions, obtained from the
constructive drawings, are:

o overall length: about 2.32 m;

consumption, and overall operating time [1, 2]. Repeated passes of o type of aggregation: mounted tractor implement;
agricultural machinery also raise the risk of soil compaction and ) ) ]
may deteriorate the physical condition of the seedbed [3-5]. o main working elements: wedge-shaped comb knife, two
) ) ) rotating drums with radial hammers, intermediate grid,
The development of combined tillage machines represents an outlet grid and rear cover.

effective approach to improving the efficiency of soil preparation
[6, 7]. Such machines are capable of performing multiple
technological operations in a single pass, thereby reducing time,
fuel consumption, and operational costs. [1, 2] They are particularly L3
suitable for fields containing plant residues, roots, stubble, and ;
leaves, where proper residue management is essential for
maintaining soil fertility and structure. [8-10] These residues need
to be crushed and incorporated into the soil in order to accelerate
their decomposition and enhance the organic matter cycle. [8, 9]

The aim of this paper is to present a new model of an
agricultural machine for combined soil tillage with enhanced
productivity. The paper describes its construction, operating
principle, expected technical advantages, and a methodology for
future experimental evaluation.

2. Technical characteristics and Operating
principle

. L. . Fig. 1. General view of the agricultural machine for combined soil tillage.
e  Technical characteristics of the proposed machine

The object of the study is a soil tillage machine developed as a *  Operating principle

utility model BG 1969 Ul “Soil tillage machine”. The machine is During operation, the machine moves forward as part of a
intended for pre-sowing soil preparation and can be used in tractor-machine aggregate. The wedge-shaped comb knife
agriculture and horticulture — fig.1. It is attached to a tractor by penetrates the soil, cuts a layer of untreated soil and lifts it towards
means of a mounted hitch system, while the active working the first rotating drum. Together with the soil layer, plant residues
elements are driven by the tractor power take-off shaft. such as roots, stubble and leaves are also introduced into the

. . . working chamber.
The machine body consists of two metal side frames connected g

by reinforcing beams — fig.2. The body is closed by a front cover, The first rotating drum, equipped with radial hammers, breaks
upper cover and rear cover. Two rotating drums are mounted the soil clods and starts the shredding of plant residues. The soil
between the side frames. Each drum is supported by bearing units mass is then directed towards the second drum, where additional
and is equipped with radial hammers — fig.3. The drive system crushing and mixing take place. Larger particles remain longer in
includes a gearbox, cardan shaft, belt pulleys and belt transmissions. the active working zone, while smaller particles pass through the
outlet grid. The size of the processed soil aggregates is controlled

A wedge-shaped comb knife is mounted in the front lower part by the outlet grid and the rear cover

of the machine — fig.4. Its function is to cut and separate a layer of
untreated soil from the ground surface and to direct it towards the The complete technological process includes the following
first rotating drum. An outlet grid is positioned below the second operations:

drum and determines the maximum size of the soil aggregates

leaving the machine. An intermediate grid and a reflector are 1. cutting of the untreated soil layer;

2. lifting and directing the soil towards the active drums;
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3. crushing of soil clods by radial hammers;
4. shredding and mixing of plant residues;

5. regulated discharge of the processed soil through the grid
system.

This combined process allows several traditional operations to
be replaced by one machine pass. As a result, the total time required
for soil preparation can be reduced.

Fig. 2. Constructive scheme and working elements of the machine.

e  Expected productivity improvement

The productivity of a soil tillage machine depends mainly on
working width, working speed and the coefficient of field time
utilisation. The effective field capacity can be estimated by the
following expression:

We=0.1-B-v-'n (1)

where We is the effective field capacity, ha/h; B is the working
width, m; v is the working speed, km/h; and n is the field time
utilisation coefficient.

For the proposed machine, when B = 1.40 m, v = 3-5 km/h and
n = 0.75-0.85, the expected effective field capacity is
approximately 0.32-0.60 ha/h. These values are preliminary and
must be verified by field experiments. The final productivity will
depend on soil type, soil moisture, working depth, amount of plant
residues, tractor power and operating conditions.

The main productivity advantage is not only the theoretical field
capacity, but also the reduction in the number of technological
passes. Instead of using several machines successively, the
proposed model performs cutting, crushing, residue shredding and
seedbed preparation in one pass. This can reduce total field time,
fuel consumption and labour costs.

e  Planned experimental methodology

At the current stage of the study, experimental field data have
not yet been obtained. The experimental investigation will be
carried out at a later stage under real field conditions. The planned
tests will include different working speeds, soil moisture levels,
working depths and quantities of plant residues.

The following indicators will be measured:
o effective field capacity, ha/h;
o  fuel consumption, I/ha;
o working depth and its uniformity;
o soil aggregate size distribution after treatment;
o degree of plant residue shredding;

o tractor wheel slip and load stability;
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o number of passes required to obtain a suitable seedbed;
o specific energy consumption.

The experimental results will be compared with a conventional
soil preparation technology, including separate tillage operations.
This comparison will allow a quantitative assessment of the
expected productivity increase and economic efficiency.

Fig. 3. Vertical and horizontal sections of the proposed machine.

e  Advantages of the construction

The proposed machine has several expected technical and
technological advantages.

First, the combination of a wedge-shaped comb knife and two
active rotating drums provides intensive soil treatment. The soil
layer is not only cut, but also lifted and mechanically processed by
radial hammers.

Second, the plant residues are crushed together with the soil.
This may accelerate their decomposition and contribute to soil
enrichment with organic matter.

Third, the outlet grid improves the uniformity of the processed
material by limiting the discharge of large soil clods. This is
important for seedbed preparation and for obtaining a more
homogeneous soil structure.

Fourth, the use of one combined machine pass can reduce the
number of operations, fuel consumption and labour requirements.
The lower number of field passes also reduces soil compaction
caused by tractor movement.

Finally, the machine has a compact mounted design, which
makes it suitable for smaller and medium-sized agricultural fields,
as well as for horticultural applications.

The proposed model belongs to the group of active combined
tillage machines. In comparison with passive tillage tools, active
drums provide more intensive mechanical action on the soil.
However, this also requires careful selection of the drum rotation
speed, hammer geometry, distance between the knife and the first
drum, and size of the grid openings.

Future optimisation should focus on balancing the degree of soil
crushing with energy consumption. Excessive crushing can increase
power demand and may lead to undesirable pulverisation of the soil,
especially under dry conditions. Insufficient crushing, on the other
hand, can leave large soil aggregates and poorly shredded plant
residues. Therefore, field testing is essential for defining the optimal
operating modes.

The machine is especially promising for pre-sowing preparation
of soils with a considerable amount of plant residues. By combining
several operations in one pass, it can support more efficient use of
machinery and more timely field work.
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Fig. 4. Wedge-shaped comb knife and grid system.

3. Conclusion

A new model of agricultural machine for combined soil tillage
with increased productivity is presented. The machine consists of a
mounted frame, wedge-shaped comb knife, two rotating drums with
radial hammers, intermediate and outlet grids and a rear cover. The
working process combines cutting, lifting, crushing, shredding of
plant residues and regulated discharge of the processed soil.

The expected productivity improvement is based on replacing
several separate tillage operations with one combined pass. This can
reduce operating time, fuel consumption, labour input and soil
compaction. Since experimental data are not yet available, field
tests will be performed at a later stage to determine the effective
field capacity, energy consumption, working quality and economic
efficiency of the machine.
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