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The article addresses a pressing scientific and technical problem—improving the operational stability
of seed drill row units under conditions of variable field topography and heterogeneous soil physical-
mechanical properties. Modern designs of ground-following and damping mechanisms are analyzed, along
with their limitations in maintaining a consistent seed placement depth, as well as design solutions applicable
to different types of openers. Particular attention is given to the shortcomings of traditional experimental
studies, which do not fully reproduce the real dynamic processes of opener—soil interaction.

It is shown that a significant portion of existing designs loses efficiency at higher operating speeds or
on uneven field sections, resulting in unstable seeding depth and reduced emergence uniformity. The analysis
includes recent research findings related to opener wear, the influence of disk type on seeding quality, the
development of combined working tools, and the use of sensor-based depth-control systems.

The study identifies the high potential of the Discrete Element Method (DEM) for simulating the
dynamics of seed drill row units, as it enables evaluation of furrow formation processes, soil particle behavior,
reactive forces, and opener motion stability without the need for numerous physical prototypes.

Based on the conducted analysis, a new structural and technological concept of a row unit is proposed,
incorporating coordinated operation of the downforce mechanism, damping device, and depth-control system. This
configuration provides effective vibration attenuation, reduced impact loads, and improved stability of seed
placement depth. The developed design is justified for further optimization and verification using DEM simulation.

Key words: row unit, opener, DEM simulation, seed drill, ground-following, damping, interaction
dynamics, seed placement depth, knife opener, vibrations, structural optimization, seeding system.

Fig. 9. Ref. 33.

1. Problem formulation

The stability of seed placement depth and the accuracy of furrow formation are key factors determining
uniform emergence and the effectiveness of early crop development. According to numerous studies [1, 2],
variations in surface topography, changes in soil physical and mechanical properties, the presence of crop residues,
and the dynamics of machine movement significantly affect the opener’s performance and may cause seeding depth
deviations of up to 20-30%. This underscores the need to develop row units capable of compensating for external
disturbances and ensuring stable seed placement across a wide range of field conditions.

Modern ground-following mechanisms are classified into passive and active systems. Passive designs,
such as parallelogram linkages, provide simple and reliable field-surface tracking but lose effectiveness at high
speeds or on uneven terrain [1, 2]. Active systems using hydraulic or electromechanical actuators improve
depth-control accuracy to £5-7%, but are characterized by high cost and structural complexity [3, 4, 5]. Similar
limitations apply to damping systems—spring, elastomeric, and hydraulic dampers [6]. These devices partially
reduce vibration-induced disturbances but fail to ensure comprehensive stabilization of opener motion.

At the same time, numerous studies highlight that traditional opener designs—double-disk, single-disk,
shovel-type, and combined—-demonstrate varying effectiveness depending on soil type, moisture content, residue
level, and operating speed [7, 8]. Most experiments are carried out in model or laboratory conditions, which do
not fully reflect real-world production scenarios. Considerable attention is also given to opener wear and service
life [9, 10, 11], although such studies typically focus on narrow groups of materials or only specific design types.

In this context, the Discrete Element Method (DEM) is regarded as one of the most promising tools for
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studying opener—soil interaction dynamics and analyzing furrow formation [12, 13, 14, 15]. DEM makes it
possible to model soil particle behavior, reactive force distribution, processes of soil fracturing and compaction—
phenomena that are practically inaccessible to traditional experimental techniques. For this reason, DEM is
increasingly needed to justify new design solutions aimed at improving the operational stability of row units.

Given the identified shortcomings of existing systems and the limitations of traditional research methods,
the development of a new-type row unit with an improved kinematic and damping structure, optimized through
DEM simulations, is a highly relevant task. This scientific work is dedicated to addressing this problem.

2. Analysis of recent research and publications

In modern seeding systems, one of the key factors ensuring high-quality sowing is the ability of the
working tools to accurately reproduce the microrelief of the soil and consistently maintain the required seed
placement depth. Surface unevenness, crop residues, variations in soil density, and local elevation changes
significantly influence the position of the opener relative to the working surface. For this reason, various
ground-following and damping systems are widely used in seed drill designs to reduce the impact of external
disturbances and improve the stability of the seeding process [1, 2].

Ground-following mechanisms are conventionally divided into passive and active systems. Passive
mechanisms reproduce field topography mainly through the structural layout and natural interaction of the
working tools with the soil. They typically include the frame geometry, gauge wheels, and elastic elements
that provide the required freedom of movement for the row units. The most common technical solution is the
parallelogram linkage, which allows the opener to move vertically without changing its angle of attack or the
spatial position of the metering device (Fig. 1). In such systems, the height position of the opener is determined
by the movement of the gauge wheels, which track the field surface directly.

The main advantages of passive systems are structural simplicity, high operational reliability, and
relatively low cost. At the same time, their effectiveness decreases significantly at operating speeds above 10—
12 km/h and on fields with pronounced uneven topography, where inertial loads may cause row-unit
oscillations and instability in seed placement depth.
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Fig. 1. General view of row units with parallelogram linkages

Active ground-following systems operate on the basis of automatic adjustment of the working tools
using hydraulic or electromechanical actuators (Fig. 2). These systems employ pressure, position, and
acceleration sensors that respond to changes in the vertical load acting on the opener and transmit
corresponding signals to the control unit. Based on these inputs, the actuator promptly adjusts the position of
the row unit, providing an adaptive response to variations in field topography and soil properties in real time.

Such technical solutions are typical for high-capacity, premium-class seeding systems, where it is particularly
important to minimize the influence of travel speed, soil heterogeneity, and vibration disturbances on seeding accuracy.
Active systems are characterized by high precision in maintaining the working depth—within £5-7%, significantly
reduced vertical oscillation amplitude, and the ability to ensure stable operation at speeds exceeding 15 km/h.

The main disadvantages of active systems include structural complexity, high component cost, and increased
maintenance requirements, which may limit their widespread adoption in farms with medium-level technical capabilities.
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Fig. 2. General view of row units with active ground-following systems

Damping systems in seeding complexes perform a specific yet equally important function—reducing
vibrations and impact loads transmitted from the soil to the frame and opener during machine operation.
Modern seed drill designs incorporate various types of damping elements, including mechanical spring
dampers, elastomer inserts, pneumatic components, and hydraulic dampers [6]. Spring-based systems can
effectively compensate for medium-intensity oscillations; however, they show reduced efficiency under high-
frequency vibrations and sudden impact loads. Elastomer elements provide mechanical energy absorption over
a wider range of loads, though their performance deteriorates over time due to material aging.

Hydraulic dampers are the most effective means for smooth vibration attenuation and stabilization of
the row unit position under conditions of rapidly changing terrain or high operating speed. At the same time,
such systems increase the mass of the row unit and require greater maintenance precision, which may
complicate their use on farms with moderate technological capacity.

Overall, the combined operation of ground-following and damping mechanisms determines the ability of a
seed drill to ensure uniform seed placement across a wide variety of field conditions. Analysis of current trends in
seeding technology demonstrates a gradual transition from simple passive mechanisms to intelligent adaptive
systems operating in real time. The use of such solutions significantly increases the precision of maintaining seeding
depth, reduces energy consumption, improves furrow formation quality, and ensures more uniform crop emergence
regardless of terrain complexity and variations in soil physical and mechanical properties.

3. The purpose of the article
The aim of the study is to substantiate and determine effective directions for improving the design of
a seed drill row unit through the application of DEM simulation to analyze the interaction between the working
tools and the soil, evaluate the dynamic performance of the unit, and optimize the parameters that ensure stable
seeding depth and improved sowing quality.

4. Results and discussion
A comprehensive analysis of the performance of modern seed drill row units for sowing agricultural
crops was carried out in accordance with the requirements of SOU NAN 73.1-001:2011 «Organization and
Conduct of Research and Development Activities». Compliance with this regulatory document ensured proper
structuring of the study, clarity of its stages, correct formulation of tasks, planning of the experimental
component, and consistency in the procedures for processing and interpreting results. Applying the provisions
of this standard made it possible to organize the research in line with established scientific and methodological
approaches and to guarantee the representativeness of the obtained data.
Additionally, the requirements of DSTU 3575-97 «Patent Research. Basic Provisions and Procedure»
were taken into account. This standard regulates the conduct of patent-information analysis and specifies a
clear sequence of actions for searching protective documents, examining the state of the art, identifying trends
in design development, and assessing the innovativeness of technical solutions. Its application enabled the
formation of a complete overview of modern patented developments, characterization of the most common
row-unit designs, and identification of promising directions for their improvement.
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Beyond regulatory requirements, the informational support of the study included the use of widely
adopted methods for targeted scientific and technical information retrieval: analysis of relevant scientific
publications, monographs, review papers, analytical reports, technical catalogs of leading seeder
manufacturers, as well as electronic libraries and patent databases. This approach made it possible to form a
broad and representative information base, systematize modern design solutions, and compare the results of
fundamental and applied research in the field of row units.

Altogether, the application of regulatory and technical documents combined with modern information-
retrieval methodologies ensured a comprehensive, objective, and methodologically sound analysis of
contemporary row-unit designs, forming the basis for further theoretical generalization and determination of
directions for their structural improvement.

The development of opener designs for seed drills, their wear characteristics, energy efficiency, and their
influence on seeding quality remain active research topics among both domestic and foreign scientists. In particular,
studies [7, 8] examined a modernized double-disk opener equipped with a fixed “heel” positioned in the inter-disk
space. Theoretical analyses and experimental tests showed that such a design improves seed distribution in terms of
depth and row width. At the same time, one limitation of these studies is that tests were conducted under restricted
soil and field conditions, which do not fully reflect the diversity of real-world production scenarios.

The analysis of opener designs presented in [16, 17, 18] covers various types—passive and active,
single-disk, double-disk, and shovel-type-highlighting their advantages and disadvantages. The authors
emphasize that despite the large number of available design solutions, some of them are not adapted to the
requirements of modern minimum-till and no-till technologies, which necessitates further research aimed at
increasing the versatility of opener configurations.

Regarding wear rate and service life, studies [9, 10] are particularly important. These works measured
the mass, thickness, and diameter of disk openers before and after operation (e.g., after =80 ha). Based on the
obtained data, statistical distributions (Gaussian, log-normal) were constructed, revealing characteristic
patterns of abrasive wear. This approach enables predicting disk lifespan and planning timely replacement.
However, the limitation of these studies is that the experiments were conducted for a specific disk type
(diameter, steel grade), meaning the results cannot always be extrapolated to other models or soil conditions.

Another research direction involves improving the energy efficiency of double-disk openers. Studies
[19, 20] proposed an analytical model that accounts for furrow geometry, disk opening angles, depth, and
diameter, demonstrating how parameter variations affect energy consumption. These investigations were
carried out not only experimentally but also using numerical simulations (Fig. 3). Nevertheless, the model has
certain limitations, as actual field conditions—variability in soil hardness, presence of residues, moisture
fluctuations—may differ significantly from the idealized assumptions adopted in theoretical analyses.

SS X oy gt b 8 S 3h
Fig. 3. Soil-Soil and Soil-Enhanced Double-Disk Opener Interaction in DEM [20]

Metallurgical aspects of opener design also constitute an area of significant scientific interest. Studies
of the steel structure of disk openers, their hardness, and microstructure indicate that proper material selection
can substantially improve their wear resistance [9, 21]. A limitation of such research is that most experiments
are conducted under laboratory conditions, which complicates the scaling of results to real production
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processes in large agricultural enterprises.

Experimental and analytical studies have also focused on determining the influence of opener design
and disk type on seeding performance. For example, works [22] assessed the efficiency of different disk types—
smooth, notched, and serrated—in terms of their ability to cut through crop residues during seeding, which is
critically important for No-Till technologies where the field surface contains significant amounts of stubble.
However, the drawback of these studies is that the tests were conducted mainly on model stands or test tracks
rather than full-scale commercial seed drills, which may lead to underestimation of large-scale effects.

Study [23] conducted parameter calibration for soil-tool interaction based on experimental design
methods, which was further confirmed in [24]. The use of DEM-MBD simulation made it possible to evaluate
the influence of soil coverage and compaction on seed placement under various row-unit travel speeds (Fig.
4). The obtained results can be applied to further optimization of opener designs and improvement of soil-
covering and compaction systems used during seeding.

Fig. 4. Interface for Simulating Opener-Soil Interaction [23]

Another practical direction in improving seeding systems is the instrumentation of seed drills for real-
time monitoring of opener operating depth (Fig. 5). In studies [25], a sensor-based system was developed and
tested, providing continuous tracking of seed placement depth and enabling automatic adjustment during
machine operation. Such technical solutions have the potential to significantly enhance seeding accuracy and
depth-stability; however, their widespread implementation is limited by structural complexity and the high
cost of integrating these systems into large seed drills.
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Fig. 5. General view of the developed row unit and the software used to record its oscillations [25]:
1 —seed box; 2 —fertilizer box; 3 — frame; 4 — load cell; 5 — angle sensor; 6 — gauge-wheel pads; 7 —
weighing device; 8 — test bench; 9 — four-bar linkage; 10 — cylinder bracket; 11 — IPRC.
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Machines in which seed placement depth is regulated at the level of the entire frame include universal
grain drills such as ASTRA-6 (Fig. 6), SZD-U 25V, ASTRA 3.6, and SZD-360 [26]. In such designs, changes
in seeding depth are carried out synchronously for the entire row-unit assembly, which simplifies the
adjustment process and ensures uniform operation of all working tools. Under conventional tillage conditions
and with a sufficiently leveled field surface, this regulation principle makes it possible to effectively maintain

the required and stable seed placement depth [27, 28].
£ B E 4 5 6

a b
Fig. 6. Seed Drill Depth-Adjustment Device [26]: a — seeding-depth adjustment screw; b — depth-control system
diagram; 1 — bracket; 2 — screw; 3 — lifting hydraulic cylinder; 4 and 9 — hydraulic-cylinder mounting levers; 5 —
screw drive; 6 — opener lift/lower levers; 7 — spring; 8 — downforce rod; 10 —opener; 11 — lock (latch).

Study [29] examined the design of a direct-seeding corn planter equipped with a disk-type metering
device, the performance of which is determined by the inclination angle of the cells, their number, and the
rotational speed of the disk (Fig. 7). This design ensures seed transport through the cells and delivery into the
furrow, while the efficiency of the seeding process depends on the degree of seed mixing, disk rotation
stability, and the uniformity of individual seed release. Simulation results showed that an optimal combination
of these parameters provides a high percentage of acceptable seed placement; however, the design is sensitive
to vibrations and operating modes, which may reduce seeding accuracy under actual field conditions.
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Fig. 7. Design of a Zero-Tillage Precision Corn Planter [28]: a — 3D model of a direct-seeding corn
planter; b — 2D diagram of the seed dispensing mechanism and metering system

The review studies [13, 30] provide a detailed analysis of various aspects of applying the Discrete
Element Method (DEM) to model soil tillage processes and furrow formation for optimizing working-tool
designs (Fig. 8). The authors examined different models of contact interaction, particle shapes and sizes, as
well as calibration techniques required for accurately reproducing soil environments. Special emphasis is
placed on DEM’s capabilities to predict furrow profiles, disturbed-surface topography, soil fracture and
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displacement patterns, and the reactive forces generated during opener operation. The studies also describe the
specific features of modelling various soil types represented as discrete particles.

Vertical
particle
velocity
05ms—1
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Fig. 8. Discrete Element Method Simulation of a Narrow-Opening Opener Operating in Moist
Sandy Loam-Loam Soil Conditions [13, 30]

Research on alternative and combined opener designs continues to develop actively. In particular,
study [31] tested a seed drill equipped with combined working tools—such as shovel—-disk openers—under NO-
TILL conditions. The results showed that this configuration may be more effective than traditional shovel-type
units. However, a limitation is that the tests were conducted under restricted conditions, so the results cannot
yet be fully generalized to different soil types and crops.

Another important direction in domestic research is the evaluation of the performance of runner-type
openers used in grain drills [32]. Study [33] examined the behavior of such openers with reinforced runners
under field conditions, focusing on the influence of reinforcement on wear resistance, operational stability, and
productivity. However, the limitation of these studies is a narrow set of testing scenarios—mainly within a
single soil type or specific region.

An analysis of the existing literature shows that despite the substantial number of experimental,
analytical, and design-related studies, most works share common constraints. Research is typically conducted
under a limited set of soil characteristics and field parameters, making it difficult to extrapolate results to real
production conditions, where external variability is significantly higher. Frequently, studies focus on
individual opener types, specific structural configurations, or particular material grades, which restricts the
generalization of obtained data. Many studies are performed in laboratory conditions or on test stands that do
not reproduce the real dynamics of field processes or account for the influence of crop residues, soil hardness
variations, terrain irregularities, frame oscillations, and other factors.

A further limitation of many analytical models is the use of idealized assumptions regarding furrow geometry,
soil compaction levels, particle behavior, or the nature of tool-soil interaction. Such models are not always capable of
reproducing the complex dynamics of the process, reducing the accuracy of their application in real conditions.

Research on new or combined opener designs also fails to fully reveal their performance across a broad
spectrum of operating scenarios. An additional challenge is that many experimental studies do not allow real-
time monitoring of the working tool’s behavior. Instrumented systems with depth and load sensors show
significant potential, but their use is limited by high cost, technological complexity, and low scalability.

In this context, the Discrete Element Method (DEM) [14, 15] offers clear advantages, as it enables
simulation of soil, seed, and tool behavior without the need to create numerous physical prototypes. DEM allows
analysis of opener performance across a wide range of soil conditions, moisture levels, travel speeds, and design
parameters, significantly expanding research capability compared with traditional experimental methods.

DEM also enables the study of processes that are difficult or nearly impossible to measure in field
conditions: soil particle distribution, furrow formation, soil fracture and displacement patterns, particle—particle and
particle—tool interactions, and reactive forces. This reduces the required number of physical tests, accelerates design
optimization, and provides higher accuracy in predicting tool performance under varying conditions.

Thus, considering the numerous limitations and fragmented results of previous experimental and
analytical studies, DEM-based numerical modelling is currently one of the most promising and effective
approaches for improving opener design and predicting tool-soil interaction under variable field conditions.
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Based on the conducted analysis, it was established that the row unit of a seed drill is a complex spatial
structure composed of a support, damping device, link arm, knife opener, frame, and depth-control mechanism
(Fig. 9). One end of the support is rigidly attached to the drill frame, providing basic fixation of the entire unit.
At the opposite end, the link arm and damping device are pivot-mounted, and their spatial configuration is
designed to enable parallel operation and synchronized movement of the opener under vertical loads.

The second end of the damping device is connected to the link arm, forming a kinematic pair that
ensures coordinated relative motion between the two components. This kinematic interaction plays a crucial
role in stabilizing the position of the row unit as it passes over soil irregularities, as it partially compensates
for vertical oscillations and reduces the amplitude of impact loads transmitted to the knife opener. As a result,
the damping device provides not only vibration attenuation but also smoother response of the unit to changes
in terrain conditions, which is essential for maintaining a stable trajectory of the working tool.

A knife opener is rigidly attached to the lower part of the link arm; it directly forms the seed furrow
and ensures seed placement at the required depth. The rigid connection provides precise force transmission
and eliminates parasitic movements that could lead to deviations in seeding depth. At the rear of the link arm,
a pivot-mounted wheel frame is installed, enabling free movement within the design constraints and
coordinated interaction with other elements of the unit.

Fig. 9. Structural and Technological Diagram of the Row Unit: 1 — support; 2 — link arm; 3 — frame;
4 —wheel; 5 — knife opener; 6 — depth-control mechanism; 7 — damping device

A press wheel is mounted on this frame to stabilize the row unit’s operation in the longitudinal plane.
The wheel performs a dual function: first, it maintains the required seeding depth by limiting the vertical
movement of the opener; second, it stabilizes the soil in the furrow zone, contributing to the formation of a
uniform seedbed. To precisely adjust the working depth, the wheel frame is equipped with a depth-control
mechanism that allows altering the wheel position and, accordingly, adjusting the operating depth of the knife
opener. Adjustment is carried out with consideration of agronomic requirements, soil physical and mechanical
properties, and the operating speed of the machine.

The proposed structural and technological scheme ensures coordinated operation of all row-unit
components and effectively compensates for dynamic loads arising during machine movement. The use of a
damping device facilitates a significant reduction in vertical oscillations, ensures smoother opener movement,
and improves the quality of furrow formation. In turn, this is critically important for achieving uniform seeding
depth and obtaining even, vigorous crop emergence, which determines the effectiveness of subsequent plant
development and the overall productivity of the seeding process.

5. Conclusion

Ensuring stable seeding depth and high-quality furrow formation remains one of the most critical
challenges in the design of row units. Traditional passive ground-following systems, although simple and
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reliable, show insufficient effectiveness under increased travel speeds and uneven terrain. Active systems with

hydraulic and electromechanical actuators provide high precision, but they are complex, costly, and difficult

to scale for most farms. Likewise, various damping systems partially mitigate vibrations but do not offer a

comprehensive solution for stabilizing opener motion.

The review of opener designs demonstrated that existing types—from double-disk to combined
configurations—have clearly defined functional limitations. Most studies are conducted under laboratory or
modelled conditions, which do not account for the full variability of real soil environments, the presence of
crop residues, or field irregularities. Similarly, the potential of sensor-based depth-monitoring systems remains
limited: although accurate, they require expensive equipment and complex integration.

The application of DEM simulation plays a particularly important role in addressing these issues. The
method enables the assessment of soil particle behavior, reactive forces, and the dynamics of tool-soil
interaction, making it possible to optimize opener and row-unit designs without producing numerous physical
prototypes. DEM provides the foundation for justifying new technical solutions.

Against this backdrop, the proposed structural and technological scheme of the row unit is
distinguished by its comprehensive approach and elimination of the key shortcomings of existing designs. It
integrates the coordinated operation of the link arm and damping device, forming a synchronized kinematic
system for stabilizing the motion of the knife opener. The rigid attachment of the opener to the link arm
improves force transmission accuracy and eliminates parasitic movements, while the adjustable press-wheel
frame ensures stable seed placement depth across a wide range of soil conditions.

Compared to traditional systems, the proposed scheme effectively absorbs impact loads, minimizes vertical
oscillations, and ensures coordinated interaction of all row-unit elements. This creates the prerequisites for improved
seeding uniformity and crop emergence, confirming the relevance of further refinement using DEM simulation.

Thus, the literature analysis not only outlined existing problems and limitations but also provided
objective grounds for developing a new row-unit design capable of delivering greater stability and seeding
quality under variable terrain and dynamic loading conditions.

References

1 Aulin, V. V. (2015). Tribophysical principles of increasing the wear resistance of parts and working bodies
of agricultural machinery (Doctoral dissertation abstract). Khmelnytskyi National University. [in Ukrainian].

2. Makarenko, D. O. (2018). Increasing the durability of the parallelogram mechanism of seeding complexes
by changing the design of movable joints (PhD dissertation). DDAEU; CNTU. [in Ukrainian].

3. Precision Planting. (n.d.). DeltaForce: Automated downforce control.
URL.: https://www.precisionplanting.com/products/planters/deltaforce [in English].

4. Kirkegaard Nielsen, S., Ngrremark, M., & Green, O. (2015). Sensor and control for consistent seed drill
coulter depth. In Proceedings of the 20th International Soil Tillage Research Organization Conference
(ISTRO), Nanjing, China. DOI: https://doi.org/10.1016/j.compag.2016.07.029 [in English].

5. Wu, S, Dou, Z, Fei, S., Shi, F., Zhang, X., Liu, Z., & Huang, D. (2025). Structural design and parameter
optimization of in-row deep fertilizer application device for maize. Agriculture, 15(18), 1934.
DOI: https://doi.org/10.3390/agriculture15181934 [in English].

6. Yaseen, M. U., Ahmad, S., Ahmad, M., Long, J. M., Raza, H. A., Iftekhar, H., Ameer, S., & Ogunbiyi,
D. (2024). A multi-function novel crop seeder for the management of residues and mechanized sowing
of wheat in a single path. AgriEngineering, 6(3), 2445-24609.
DOI: https://doi.org/10.3390/agriengineering6030143 [in English].

7. Salo, V. M., & Luzan, O. R. (2010). Selection of improvement directions for direct-drilling seed drill coulters
for cereal crops. Design, Production and Operation of Agricultural Machines, 40(2), 271-277. [in Ukrainian].

8. Kyrychenko, R. V., Bakum, M. V., Kozii, O. B., & Lubchenko, Ye. V. (2025). Results of field studies
of double-disc coulters for mini-till cereal sowing. Scientific Bulletin of Tavria State Agrotechnological
University, 15(1), 53-60. DOI: https://doi.org/10.32782/2220-8674-2025-25-1-5. [in Ukrainian].

9. Rosu, B., Voicu, G., Constantin, G.-A., Tudor, P., & Stefan, E.-M. (2024). Aspects regarding the
physical parameters and wear in the work process of the disc openers for seeding machines. Agriculture,
14(7), 1066. DOI: https://doi.org/10.3390/agriculture14071066 [in English].

10. Paczkowska, M., Selech, J., & Piasecki, A. (2016). Effect of surface treatment on abrasive wear
resistance of seeder coulter flap. Surface Review and Letters, 23. [in English].

11.  Bai, X,, Lin, J,, Lu, C., & Hu, Y. (2014). Analysis and experiment on working performance of disc coulter
for no-tillage seeder. Transactions of the Chinese Society of Agricultural Engineering, 30, 1-9. [in English].

29


https://www.precisionplanting.com/products/planters/deltaforce
https://doi.org/10.3390/agriengineering6030143

o0 TexHika, eHepreTuka,

;%;Ex\? P % N4 (131) 72025 tpaHcnopT AIK

Vol. 131, Ne 4 / 2025

12.  Aikins, K. A., Ucgul, M., Barr, J. B., Awuah, E., Antille, D. L., Jensen, T. A., & Desbiolles, J. M. A.
(2023). Review of discrete element method simulations of soil tillage and furrow opening. Agriculture,
13(3), 541. DOI: https://doi.org/10.3390/agriculture13030541 [in English].

13.  Yaropud, V. M., & Datsiuk, D. A. (2021). Ways to improve the seeding apparatus of a selection seeder
for small-seed crops. Vibrations in Engineering and Technology, 1(100), 156-166.
DOI: https://doi.org/10.37128/2306-8744-2021-1-15. [in Ukrainian].

14.  Aliiev, E. B. (2023). Numerical modeling of agro-industrial production processes. Agrarian Science.
DOI: https://doi.org/10.31073/978-966-540-584-9. [in Ukrainian].

15. Aliev, E. B., Bandura, V. M., Pryshliak, V. M., Yaropud, V. M., & Trukhanska, O. O. (2018). Modeling
of mechanical and technological processes of the agricultural industry. INMATEH — Agricultural
Engineering, 54(1), 95-104. [in English].

16. Yaropud, V., Aliiev, E., & Datsiuk, D. (2021). Methods of numerical modeling of sowing apparatus of
selection seeder of small-seed crops. Machinery and Energetics, 12(3), 121-127.
DOI: https://doi.org/10.31548/machenergy2021.03.121 [in English].

17. Malasli, M. Z., & Celik, A. (2023). Effects of the disc and tilt angle of a single disc-type furrow opener
of a no-till seeder on residue distribution and the furrow profile. Turkish Journal of Agriculture and
Forestry, 47(6), 1025-1042. DOI: https://doi.org/10.55730/1300-011X.3146 [in English].

18. Yaropud, V. M., & Datsiuk, D. A. (2023). Study of seed motion in the distributor of the seeding
apparatus of a selection seeder for small-seed crops. Agricultural Machines, 49, 7-14.
DOI: https://doi.org/10.36910/acm.vi49.945. [in Ukrainian].

19. Yaropud, V. M., Hovorukha, V. B., & Datsiuk, D. A. (2023). Experimental research of the dispenser of
the seeding apparatus of a selection seeder for small-seed crops. Engineering, Energy, Transport of AIC,
3(122), 43-52. DOI: https://doi.org/10.37128/2520-6168-2023-3-5. [in Ukrainian].

20.  Sugirbay, A., Zhao, K., Liu, G., Hu, G., Chen, J., Mustafin, Z., Iskakov, R., Kakabayev, N., Muratkhan,
M., Khan, V., Chen, Y., & Zhang, S. (2023). Double disc coulter for a zero-till seeder simultaneously
applying granular fertilizers and wheat  seeds. Agriculture, 13(5), 1102.
DOI: https://doi.org/10.3390/agriculture13051102 [in English].

21.  Rosu, O. B., Voicu, G., Coman, G., Constantin, G.-A., Paraschiv, G., Tudor, P., & Marin, E. (2024).
Metallographic structure and hardness of steel for sowing machines disc coulters: Review and research.
ISB-INMATEH Agricultural and Mechanical Engineering, 290-297. [in English].

22. Cuyjbescu, D., Gageanu, 1., Persu, C., Matache, M., Vladut, V., Voicea, 1., Paraschiv, G., Biris, S. S.,
Ungureanu, N., Voicu, G., & Ipate, G. (2021). Simulation of sowing precision in laboratory conditions.
Applied Sciences, 11(14), 6264. DOI: https://doi.org/10.3390/app11146264 [in English].

23.  Sun, K., He, C., Zhou, Q., Yu, X., Dong, Q., Wang, W., Chen, Y., Li, M., Xia, X., Wang, Y., & Zhou,
L. (2024). Influence mechanism of soil covering and compaction process on maize sowing uniformity
based on DEM-MBD coupling. Agronomy, 14(12), 2883.
DOI: https://doi.org/10.3390/agronomy14122883 [in English].

24. Maraveas, C., Tsigkas, N., & Bartzanas, T. (2025). Agricultural process simulation using discrete
element method: A review. Computers and Electronics in Agriculture, 237, 110733.
DOI: https://doi.org/10.1016/j.compag.2025.110733 [in English].

25.  Zhou, L., Ma, Y., Zhou, H., Niu, K., Zhao, B., Wei, L., Bai, S., Zheng, Y., & Zhang, W. (2023). Design and
test of sowing depth measurement and control system for no-till corn seeder based on integrated electro-
hydraulic drive. Applied Sciences, 13(10), 5823. https://doi.org/10.3390/app13105823 [in English].

26. Demetra. (2024). Sivalka Zernotukova SZD-360. URL.: https://demetra-site.com.ua/products/sejalka-
zernotukovaja-szd-360-szd-360. [in Ukrainian].

27. Derkach, O. D., Makarenko, D. O., Muranov, Ye. S., & Lobodenko, A. V. (2021). Increasing the
durability of movable joints of seeders through the use of advanced structural materials. Scientific
Bulletin of Tavria State Agrotechnological University, 11(2). [in Ukrainian].

28. Yaropud, V. M., & Datsiuk, D. A. (2024). Innovative methods of increasing the efficiency of selecting
plants. Engineering, Energy, Transport of AIC, 3(126), 48-57. DOI: https://doi.org/10.37128/2520-
6168-2024-3-5 [in English].

29. Yang,J., Wu, H., Guo, A., Rugerinyange, R., Liu, C., Zhao, Z., Han, W., & Yin, L. (2024). Performance
optimization and simulation test of no-tillage corn precision planter based on DEM. Machines, 12(7),
465. DOI: https://doi.org/10.3390/machines12070465 [in English].

30


https://doi.org/10.31548/machenergy2021.03.121
https://demetra-site.com.ua/products/sejalka-zernotukovaja-szd-360-szd-360
https://demetra-site.com.ua/products/sejalka-zernotukovaja-szd-360-szd-360

Ne 4 (131)/2025 TeXHiKa, C€HEPreTHuKa,

t?ﬁ P % Tpancnopt AIIK

Vol. 131, Ne 4 / 2025

30. Aminzadeh, R. (2014). Modified design of a precision planter for a robotic assistant farmer (Master’s
thesis). University of Saskatchewan. [in English].

31. Aduov, M., Nukusheva, S., Kaspakov, E., Isenov, K., Volodya, K., & Tulegenov, T. (2020). Seed drills
with combined coulters in no-till technology under soil and climatic conditions of Kazakhstan.
Agriculturae  Scandinavica, Section B - Soil & Plant Science, 70(6), 525-531.
DOI: https://doi.org/10.1080/09064710.2020.1784994 [in Englishl].

32.  Li, S, Hu, M,, Liu, Y., & Li, Y. (2024). DEM parameters of slope cultivated purple soil in Southwest
China and interaction mechanism between a very narrow tine. Scientific Reports, 14, 18089.
DOI: https://doi.org/10.1038/s41598-024-69269-8 [in English].

33.  Nowytskyi, A. V., & Derhai, R. Yu. (2019). Performance of shoe-type coulters of grain seeders with
strengthened shoes under operating conditions. In Proceedings of the XV International Scientific
Conference “Rational Use of Energy in Engineering. TechEnergy 2019” (pp. 87-89). NUBIP of
Ukraine. [in Ukrainian].

HUIIXW YIOCKOHAJEHHA KOHCTPYKIIIT BUCIBHOI CEKIIII CIBAJIKH HA OCHOBI
DEM-MOJAEJ/JIOBAHHSA

Y cmammi posenanymo akmyansry HAyKo8o-mexHiuHy npodaemy niosuwienHs cmabinbHocmi pobomu
BUCIBHUX CeKYili CIBANIOK 3a YMO8 3MIHHO20 penvbedy ma HeoOHOPIOHUX (I3UKO-MEXAHIUHUX 61acCmUusocmeri
tpyumy. Ilpoananizoeano cyuacHi KOHCMPYKYII MeXaHi3mMi@ KONit08aHHA pernvedhy ma amopmusayii, ixwi
obmedicenHs y 3a6e3nevenni cmanoi enUOUHY 3a20pMAanHs HACIHHA, A MAKOHC NPOEKMHI PileH s 0I5l PI3HUX
munie cownuxie. Ocobaugy yeazy npuoileHo HedONIKaM MPAOUYIUHUX eKCREPUMEHMATbHUX 00CTIONCEHD, K]
He 00380A10Mb NOBHOK MIPOI0 8i0MEOPUMU pPedbHi OUHAMIYHI NpoYec 83aEMOO0I] COUHUKA 3 TPDYHMOM.

Ilokasano, wo 3HAUHA YACMUHA ICHYIOUUX KOHCMPYKYIU 8mpaiac epekmunicms 3a NioSULeHUX
weuokocmeti pyxy abo Ha nepeciueHux OLIAHKAX NOJA, WO NPU3E00UMsb 00 HeCmabilbHOCMI 2NUOUHU BUCIBY
ma 3HUdICeHHs1 pigHoMipHocmi cxo0dis. Hasedeno pesynomamu ananizy cyuacHux 00CaiodlceHn, 30Kpema uooo
SHOWY8AHHS COUWMHUKIB, GNIUGY MUNY OUCKI6 HA AKICMb 8UCIEY, PO3POOKU KOMOIHOBAHUX pOOOUUX Op2aHie ma
3acmocy8aHHs CeHCOPHUX CUCTEM KOHMPONIO CIUOUHU.

Busnaueno nepcnexmusnicmv gukopucmanus memooy Ouckpemuux enemenmie (DEM) Ona
MOOen08aHHSI OUHAMIKU POOOMU BUCIBHUX CeKYIU, OCKIIbKU 8IH 00380IAE OYIHIOBAMU NPOYecu PopmMyBaHHS
O0po3HU, NOBEOIHKY YACMUHOK TPYHMY, PeaKMusHi CUulu ma cmadiibhicmb pyxy cowlnuka 6e3 nompeou y
CMBOPEHHT YUCTEHHUX DIZUMHUX NPOMOMUNIS.

Ha ocnosi nposedenozo ananisy 3anponoHo8ano Ho8y KOHCMPYKMUGHO-MEXHOI02IUHY CXeMY BUCIBHOT
cexyii, wo exouac y3e00icery pobomy nogookd, 0emMnghy8aibHo20 NPUCMPOIO MA MEXAHIZMY Pe2yat08aHH s
enubunu. Taxa kongieypayis 3abe3neuye egpekmusne 2acinHa KOAUBAHb, 3MEHULEHHS YOAPHUX HABAHMANCEHD
i niosuwerHs cmadinbHOCMI 2IUOUHU 3a20pMAHHS HACTHHA. Po3pobiena KoncmpyKyis € 00IpYHMOBAHOW 05
nodanvuioi onmumizayii ma eepughixayii Ha ocnosi DEM-mooentoganusi.

Knrouoei cnosa: suciena cexyis, cownux, DEM-mooeniosanns, cieaixa, KOnilo8amHs penvegy,
amopmu3ayis, OuHAMIKA 63Ae€MOO0Il, 2nUOUHA 3020PMANHHA  HACIHHA, AHKEPHUL COWHUK, 6iopayil,
KOHCMPYKMUGHA ONMUMI3AYis, NOCIBHUL KOMNIEKC.
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