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Abstract
In the process of pre-sowing tillage, cultivating shovels on various stands are widely
used. The type of stand affects the energy and quality indicators of the process.
However these stands have one significant drawback: with the increase in the strength
of soil resistance, there may be buckling of the stand, which leads to a decrease in
the quality indicators of the process. To stabilize the depth of cultivating the soil with
cultivating shovels on elastic stands, while maintaining the vibration effect, is possible
to achieve through the use of cultivating stands with variable stiffness, made on the
basis of a flexible tubular element. The work presents the results of calculating the
stresses and strains of the design of the proposed cultivator stand under loading by
an external force. For research, the finite element method implemented in the ANSYS
program was used. To simulate the movement of a cultivating shovel in the soil, we
assumed the following - the treated soil was considered as a continuous medium. The
tasks of constructing a grid model of the tubular element were solved, the horizontal
component of the force exerted by the soil on the cultivator was determined, at which
buckling occurs, the work of the cultivator shovel in the soil is modelled and the
permissible speed is determined at which buckling of the flexible tubular element is
eliminated.
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1. Introduction

Current trends in the development of the agricultural industry in Russia are aimed at
resource and energy saving [1]. In livestock breeding, this trend is provided by indoor
microclimate technologies [2, 3], in the field of logging -- monitoring of woody vegetation
[4]. In the field of crop production, energy saving is aimed at reducing the traction forces
of machinery during soil treatment [5, 6]. The use of cultivator shovels during pre-sowing
tillage is relevant not only for weed control but also for creating the optimal soil structure
for seed growth and development, as well as the formation of an even seed bed [7].
In order to save energy for cultivating the soil, cultivators with elastic stands are used,
which in the process, due to vibrations arising from the resistance force of the soil, exert
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a vibrational effect on the destructible soil layer [8, 9]. However these stands have one
significant drawback: with an increase in the strength of soil resistance, there may be
buckling of the stand, which leads to a decrease in the quality indicators of the process.

To stabilize the depth of cultivating the soil with cultivating shovels on elastic stands,
while maintaining the vibration effect, it is possible to achieve it through the use of
cultivating stands with variable stiffness, made on the basis of a flexible tubular element
[10].

The working body of the cultivator (Figure 1) consists of a cultivating shovel 1, mounted
on a C-shaped stand 2. The stand is made of a flexible tubular element with a fitting 3,
which allows applying pressure to the cavity inside the element. The bracket 5 is used
to mount the stand 2 to the frame 4.

The change in pressure in the inner cavity of the stand makes the free end with the
cultivator shovel 1 to displace. In the process of cultivating the soil, the working body of
the cultivator is affected by the resistance forces of the soil of a variable nature, which
causes the stand to oscillate. The supply of working fluid through the nozzle 3 into
the cavity of the stand 2 under variable pressure leads to oscillatory movements of the
shovels with a certain amplitude and frequency.

The proposed design of the working body of the cultivator can reduce the traction
resistance of tillage machines due to the effect of vibration when interacting with the
soil, as well as improve the quality of the soil cultivation process by adjusting the rigidity
of the stand [11, 12].

Figure 1: Cultivator working body.
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To calculate stresses and strains, the finite element method [13, 14], implemented in
the ANSYS program, was used.

To ensure trouble-free operation of the cultivator, it is necessary to solve the following
tasks:

1 Building a grid model of a tubular element;

2. Determining the horizontal component of the force of the soil on the coulter, at
which buckling occurs;

3. Determining soil resistance forces on the cultivator shovel;

4. Determining maximum speed.

2. Methods and Equipment

2.1. Methods

The accuracy of the calculations will directly depend on the quality of the grid model
of the structure under consideration. Rigid restraint (attachment point) and tip (working
body) are built by default using the Sweep method, and to build a tube grid model, it is
also necessary to determine the minimum size of elements that ensure the correctness
of the solution without loss of accuracy.

To determine the optimal size of the grid element, we estimate how the displacement
of the free end of the tube will change when a horizontal force of 1000 N affects the
free end. Calculations in toolbox -- Static Structural are presented in Figure 2.

The displacement calculation results are presented in Figure 3.

Analysing the results obtained, we can conclude that with a decrease in the size of
the elements of the grid model of the tube, the displacement of the free end tends to a
certain limit, the minimum element size at which the deviation of the calculation results
is less than 0.5 % is 5 mm.

To simulate the movement of a CS in the soil, we assume the following -- the treated
soil will be considered as a continuous medium. The movement of an object in a
continuous medium can be equivalently replaced by ``flowing around'' a body at rest
with a continuous medium at the same speed; this approach will allow the use of ANSYS
Fluent.

To determine the relationship between the horizontal component R and the velocity
V of the CS, we use the dependence:

𝑅 = 𝐶𝑥𝐹
𝜌𝑉 2

2 (1)
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where F is the mid-sectional area --- the largest cross-sectional area; ρ is the density
of the continuous medium (of the soil under consideration), V is the CS velocity in the
soil, C𝑥 is a dimensionless coefficient characterized by the geometric component and
the rate of flowing around with the continuous medium (i.e., it is a function of velocity).

Figure 2: Cultivator stand model in SWEEP.

Figure 3: Calculation results of the displacements of the free end under the action of force.

So, C𝑥 and the horizontal component R directly depend on the design of the CS.
Let us evaluate the influence of the grid model and the size of its elements, as well as
models of the behaviour of a continuous medium.

A schematic diagram of the cultivator shovel is shown in Figure 4.

3. Results

The hydrodynamic calculation was carried out in toolbox -- Fluent. The CS is made of
steel, geometric characteristics: length -- 500 mm, height -- 200 mm, width -- 400 mm.

All hydrodynamic problems require an iterative approach to solving, we consider
the change in the value of the drag coefficient C𝑥 depending on iterations and on the
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Figure 4: Schematic diagram of the cultivator shovel.

velocity of flowing around with a continuous medium for various models of continuous
medium behaviour. The calculation results showed (Fig. 5), that to obtain reliable results,
iterations may be limited to 300.

Figure 5: Results of the evaluation of the influence of the number of iterations.

The distribution of velocities in the simulated volume is shown in Figure 6, and the
effect of the movement velocity on the resistance force is shown in Figure 7.
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Figure 6: Velocity distribution in the simulated volume.

Figure 7: Results of the evaluation of the effect of flow velocity.

4. Discussion

During the mathematical calculations of the cultivator stand in the form of a flexible
tubular element, it was revealed that the minimum size of the elements ensuring the
correctness of the solution without loss of accuracy is 1 mm.
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The analysis of the stress-strain state of the stand under the action of an external
force of 1000 N showed that the movement of the shovel will be 30 mm. For buckling
of the proposed cultivator shovel, a horizontal force of at least 12800 N is required. This
confirms a sufficient margin of safety for the stand. The maximum speed to eliminate
buckling of the tubular element was about 25 km/h.

5. Conclusion

The mathematical analysis of the use of a flexible tubular element as a stand of a
cultivator shovel showed that a soil resistance force of 1000 N causes the cultivator
shovel to move up to 30 mm. The proposed cross-section remains stable under the
action of the resistance force of the soil up to 12800 N, which in reality proves the
possibility of using the proposed design even on heavy soils. The use of pulsating
hydraulic pressure within the strength of the material will create a vibrational impact of
the shovel on the soil and will help reduce traction resistance.
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