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A prerequisite for high-quality cultivation of field crops is pre-sowing leveling of the soil surface and creating an optimal
soil structure. However, insufficient attention is paid to analytical studies of the influence of working surfaces of tillage machines
during seedbed preparation for small-seed crops, in particular. The purpose of this work is to study the impact model of the soil
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compaction roller, which, while performing the main cultivation, will ensure compliance with agrotechnical requirements
for sowing. The authors applied system approach for conducting analytical studies to develop a scheme of interaction of the rod-
type soil compaction roller with the soil. They applied mathematical models to determine its optimal parameters and operating
modes. The formalized mathematical model was used to design a rotating roller with specified parameters and operation modes.
In particular, the design of a soil compaction roller-leveler was developed. The roller is a hollow drum mounted on a support
frame attached to a tractor or a cultivator. The working tool rotates using closed-type bearings mounted on the axle. A hollow
drum consists of disks having an arcuate cross-section with a convexity. The disks hold replaceable mesh elements, which can be
changed depending on the required conditions for the coefficient of structure and alignment. Movable straps are fixed in the cavities
of hollow drum disks. When performing a laboratory field experiment, the response signals were determined by instruments from
the Litvinov Field Laboratory (LFL). Soil samples were taken from the surface horizon with a depth of 5...6 cm. The experiments
were carried out on sod-medium podzolic sandy loam and light loamy soils in accordance with the approved method. Field tests
on the use of the new tool have shown an increase in the amount of agronomically valuable fraction during seedbed preparation
on sandy loam soils by 4.0%, on light loam soils by 4.2%, while ensuring an increase in the structural coefficient by 0.66 and 0.55
points, respectively.

Key words: interaction model, seedbed preparation, soil compaction roller-leveler parameters, soil compaction roller-
leveler operation modes, soil properties, degree of change in soil properties.

For citation: Aldoshin N.V,, Vasiliev A.S., Kudryavtsev A.V., Golubev V.V., Alipichev A.Yu. Study of seedbed preparation
with rod-type soil compaction roller. Agricultural Engineering, 2020; 2 (96): 9-16. (In Eng.). DOI: 10.26897/2687-1149-2020-2-9-16.
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O0s13aTeNIbHBIM yCIIOBHEM KauyeCTBEHHOTO BO3/IEIIBIBAHHS MTOJIEBBIX KYJIBTYP SIBISIETCSI IPEATIOCEBHOE BEIPaBHUBAHNE
MMOBEPXHOCTH IOYBHI U CO3JaHHE ONTUMAJIbHOMN e€ cTpykTyphl. HemocTarouHo ynenseTcs BHUMaHHUSA aHAIUTHYECKUM
HCCIIEIOBAHNAM T10 BO3/IEHCTBHIO pab0UNX MOBEPXHOCTEH MOYBOOOPAOATHIBAIOIINX MAIIUH IIPH MIPEAITOCEBHOM MOATOTOBKE
TMIOYBBI TTOJ] METIKOCEMEHHBIE KYIIBTYPBI. L{e/1b10 paboThI SBISETCS UCCIIE0BaHUE MOAEIHN BO3IEHCTBHS MOYBOOOPAOATHIBAIOIIETO
KaTKa, KOTOPBI B COBOKYITHOCTH C OCHOBHOM 00pabOTKOH IMO3BOJIUT 0OECIICUYNTh COOTBETCTBHE arpOTEXHUIECKUX TpeOOBaHUH
K TI0CeBY. AHATUTHUYECKHE UCCIEN0BaHNs BEIIIOJHEHBI C IPUMEHEHHEM CUCTEMHOIO MOAX0/a, B pe3yNbTare NpeiioKeHa
cxeMa B3auMOJICHCTBUS MIPYTKOBOI'O KaTKa C MMOYBOH, palliOHAIbHBIE TapaMETPhl U PEKUMBbI PaOOTBHI KOTOPOTO OIHCAHbBI
MaTeMaTH4eCKUMHU MozensiMu. Dopmanu3anns COCTaBICHHON MaTeMaTHYeCKOM MOZIEIH 1ajla BO3MOXHOCTh PEaln30BaTh
KOHCTPYKIIMIO POTAMOHHOTO KaTKa C yCTaHOBJIEHHBIMH NapaMeTpaMH U pexknMaMH ero paboTsl. B wactHoCTH, pazpaboTana
KOHCTPYKIHS IT0YBOOOPaOAaTHIBAIONIETO KaTKa-BhIPaBHUBATEIS, IIPEICTABIISIONIETO COOOH IMyCTOTENbIi OapabaH, ycTaHOBIEHHBIH
Ha OIIOPHOM pame KpeIyIeHHs! K TPaKTOpy MJIM KyJIbTUBaropy. Bpamienne paboyero opraHa ocymecTBiIsIeTCs IOCPEICTBOM
HOJIIHMITHUKOB 3aKPBITOTO TUIIA, YCTAHOBICHHBIX HA ocH. [lycToTenblit 0apabaH cocTaBisieTcs U3 JUCKOB, UMEIOIINX Ayroo0pasHyIo
(hopMy cedeHUs C BBITYKIOCTBIO, HAa KOTOPBIX 3aKPETIJICHBI CETUAThIC 3JIEMEHTHI C BOSMOXKHOCTBIO UX 3aMEHBI B 3aBUCHMOCTHU
0T TpeOyeMBbIX yCIOBHH 10 KO3((PHUINEHTY CTPYKTYPHOCTH M BRIPABHEHHOCTH. BO BlaanHaxX AMCKOB ITycTOTENoro Oapabana
3aKpeTUIeHBI ITOBIDKHBIE TUIAHKH. [1pH BEITOIHEHNH JIA00PaTOPHO-TIOIEBOTO 3KCIIEPUMEHTA OTKIIMK ONpeAesics mpudopaMu
n3 noneBoi nadboparopun Jluteunosa (ITJIJI). [louBeHHbIE 00pa3iipl OpaIiCch ¢ MTOBEPXHOCTHOTO TOPU30HTA IITyONHOMN
5...6 cM. OnBITEI TPOBOAMIIMCH HA AEPHOBO-CPEIHENOA30IUCTHIX CYyNeCYaHbIX U JIETKOCYIMHUCTBIX T0YBAaX B COOTBETCTBUH
¢ anpoOHpOBaHHON MeTONMKOM. [ToneBbie HCTTBITaHKSI HOBOTO OpraHa IpH MPEAoCeBHOI 00paboTKe CyNecyaHbIX MOYB TTOKa3aIn
MIOBBIMICHUE KOJINYECTBA arpOHOMHYECKH IeHHOH (pakiun Ha 4,0%, TEérkocynIMHUCTHIX — Ha 4,2%, obecniednBast Ipu 3TOM
yBennueHue koadduirenrta crpykrypHoctd Ha 0,66 u 0,55 eanHUI COOTBETCTBEHHO.
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Introduction Technological processes associated with
soil preparation for sowing small-seed crops, in particular,
are considered the most important stage that affects the basic
characteristics of physical, mechanical, and technological
properties of the soil. High-quality performance of techno-
logical operations aimed at ensuring the required density,
structural features, flatness, and ridgeness is possible only
when the parameters and modes of the working tools are set
in accordance with the initial state of the soil [ 1, 2]. Direct in-
teraction of the working tools with the soil should be carried
out taking into account agrotechnical requirements and bio-
logical characteristics of crops [3]. At the same time, one
of the most important agrotechnical operations in pre-sow-
ing tillage is soil compaction with rollers of various de-
signs, as a rule, directly preceding the stage of interaction
of the working tools of sowing machines — coulters and stub-
blers — with the soil, evenly distributing the sowing material
at the seedbed level of the working tools and contributing
to increasing the contact area of seeds with soil particles.
The rational use of working tools in the conditions of the pre-
scribed characteristics of the main tillage results and setting
reasonable design parameters of the soil compaction roller

provide for the required structure of the soil horizon, as well
as the necessary leveling and compaction of the seedbed
without increasing the erosion level [2, 4, 5]. It is an obvi-
ous fact that, despite a significant number of mass-produced
domestic and foreign soil compaction tools, the development
of a technological and constructive design of the working
surface for structuring and leveling the soil profile still re-
mains an urgent task.

Research purpose. Modeling the impact of the soil com-
paction roller on the soil surface to ensure compliance with
agrotechnical requirements for sowing while performing
the main soil cultivation.

Materials and methods. When developing a working
tool, it is necessary to study a theoretical interaction model,
taking into account the influence of a certain number of fac-
tors: the technological mode of operation, geometric parame-
ters, shape and type of the working tool. The system approach
made it possible to draw up a flowchart of the model techno-
logical operation of compacting and leveling soil layers with
an appropriate structure, ensuring the necessary agrotechni-
cal requirements for seedbed preparation for small-seed crops

(Fig. 1) [1].
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Figure 1. Flowchart of the “External environment — working tool — soil” model

Puc. 1. Baok-cxema moaenun «BHenHss cpena — padouunii opraH — no4Bay

External conditions under consideration include soil
and climatic characteristics, performed technological opera-
tions, the level of the selected cultivation technology. The ag-
ricultural requirements should include the conditions for tech-
nological operations for seedbed preparation [3], taking into
account the biological characteristics of cultivated crops.

When forming a set of technological requirements, it is
necessary to make a leveled layer with the optimal struc-
ture of the surface soil horizon, in accordance with modern
technologies and agricultural practices of seedbed prepara-
tion, by determining the sequence of technological processes,

taking into account soil and climatic conditions expressed
by physicomechanical and technological properties of the soil
(PMTP) [5, 6].

Design limitations include the type and shape of the work-
ing surface, as well as the basic geometric parameters (length,
width, operating angle) and the working tool modes (speed,
distributed load, vibration amplitude), taking account of opti-
mal specific energy and metal consumption values [7].

The formalized flowchart in the form of mathemati-
cal models of the system based on subsystems is expressed
by analytical regression dependences and databases obtained
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taking into account the agrotechnical requirements for the de-
gree of change in the soil horizon characteristics — combing,
evenness, relative humidity, density, hardness, lumpiness,
and structure coefficient.

The surface of the soil horizon as an object of treatment
has the corresponding initial PMTP characteristics of the soil
[8]. Consequently, the main task of the impact of the work-
ing tool of an optimal shape and geometric parameters, as
well as operating modes, is to ensure a qualitative change
in the characteristics of the initial soil conditions, in ac-
cordance with the agrotechnical requirements for seedbed
preparation.

The analysis of the compiled flowchart of the interaction
of the working tool with the soil indicated the need to identify
the missing mathematical models in the form of theoretical or
regression data.

Small-seed crops
40

Ridgeness after seedbed preparation

I'pebrucmocmsv nocne npednocesHoti obpadbomxu
18 r
/

Menxocemannvie Kyromypol

The obtained regression dependences of the varia-
tion degree of agrophysical and technological properties
of the soil on the influence of working tools in laboratory
and field conditions [9] provides for algorithm-based design-
ing and automated functioning of the working tool when pre-
paring the seedbed for various sowing methods [10]. Further
establishing of a database of missing indicators will allow
for taking into account a wide range of initial soil proper-
ties, ranging from the restoration of fallow lands to old ar-
able farmlands. The rationale for the optimal parameters
and modes of the working tool for seedbed preparation is
provided in the design algorithm.

Based on earlier laboratory and field studies conduct-
ed in 2017-2019 [10], it was established that the structure
of the soil profile and soil characteristics should correspond
to the following requirements (Fig. 2).

5
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Figure 2. Required soil profile structure in the pre-sowing period

Puc. 2. TpebGyemoe cTpoeHre MOYBEHHOT0 NMPOoQUJIs B NPEINOCEeBHON MePUuo

When implemented in seedbed preparation for small-seed
crops, this method of designing and manufacturing the work-
ing tool brings both soil refining rollers and elements of other
tillage machines into the production environment.

Results and discussion. The main task of seedbed prepa-
ration is to provide the necessary conditions for the growth
and development of agricultural crops, which is determined
by the favorable combination of physico-mechanical and tech-
nological properties of the soil. The most important charac-
teristics of the surface soil horizon include density, structural
features, flatness, and ridgeness. The analysis of scientific,
technical and patent-licensed literature failed to offer an un-
ambiguous solution on the surface shape of the working unit
used for presowing tillage to form the necessary conditions
for sowing small-seed field crops. The working tool designed
by researchers of Tver State Agricultural Academy in collabo-
ration with their colleagues from Russian Timiryazev State

12

ATPOUHXXEHEPUA, 2020, Ne 2 (96)

Agrarian University taking into account the requirements
for computer-aided design systems [11], includes a number
of simple structural elements (Fig. 3).

The design of the soil compaction roller-leveler in-
cludes hollow drum 1 mounted on support frame 5 attached
to a tractor or a cultivator. The working tool is rotated by means
of closed-type bearings mounted on axle 2. Hollow drum 1
consists of disks having an arcuate cross-sectional shape with
a convexity. The disks hold fixed mesh elements 3, which can
be changed depending on the required conditions for the coef-
ficient of structural properties and alignment. Movable straps 4
are fixed in the disk cavities of hollow drum 1.

The proposed design of a rotary soil leveler can be im-
plemented in various tillage machines, including those used
for primary and secondary tillage. The developed design
provides for the improved quality of surface tillage due
to the simultaneous deformation of large soil peds, compacting
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and leveling the cultivated field surface horizon in accordance
with agricultural requirements.

To study the influence of the factors of the leveling roll-
er on the quality of the seedbed preparation before sowing,
full-factor experiment FFE3? was carried out [12].

The results of experimental and reconnaissance studies
in laboratory and field conditions have shown that the follow-
ing factors have a significant impact on the degree of flatness —
kinetic indicators: frame movement speed (2.3, 2.5, 2.7 m/s)
and specific load (20, 40, 60 N/m), as well as geometric param-
eters: mesh size of the working surface, mesh pitch, the outer
surface diameter of the soil compaction roller.

Having used the method of mathematical planning, we
have determined two research factors (A and B). To increase

the accuracy of measurements, the number of test levels is
considered equal to three, the frame speed with intervals
of variation — 0.7 m/s and specific load — 20 N/m. The data are
entered in Table 1.

Responses in the studied model (optimization param-
eters) are:

p — soil density, g/cm’;

R — ridgeness of the field surface, mm;

W — soil moisture, %;

K — soil lumpiness, %.

Currently, to determine the soil density, moisture, and oth-
er indicators characterizing agrophysical and technological
properties, the most widely used is the method and a set
of tools developed by N.A. Kachinsky [13].

Figure 3. Schematic diagram of the rotational roller-leveler:
1 — a hollow drum; 2 — an axle; 3 — mesh elements;
4 — a flail knife (a movable level); 5 — a tractor mounting frame

Puc. 3. CxeMa pOTAHOHHOI0 BLIPABHMBAIOIIETO OPraHa:
1 — mycrorensrii 6apabaH; 2 — 0Ch; 3 — ceT4aTsie JEMEHTHI;
4 — Ouy (MOABMIKHAS TUTAHKA); 5 — paMa KPEIUICHHSI K TPAKTOPY

Table 1
Matrix of a full-factor experiment of type 23
Tabruya 1
Marpuna no.tH0(paKTOPHOT0 IKCIEePpUMeHTa Tuna 23
Code Unit Variation levels Variation
Factors designation | of measurement VYposnu sapvuposanus interval
Dakmopwl Kooosoe Eounuya minimum average maximum Humepean
obosnavenue usmepenus munumansuwiii (<1) | cpeonuti (0) | maxcumanvuoui (+1) | 64pbUPOSAHUA
Specific load, A X1 H/v 40 . 60 20
Yoenvnas nacpyska, A
Translational speed, B
Ilocmynamenvnas X2 M/C 2,0 - 2,7 0,7
ckopocmy, B
Type of soil compaction
roller, C X3 % 30 - 100 70
Tun kamxa, C

When performing a laboratory field experiment, the re-
sponse was determined by instruments from the Litvinov Field
Laboratory (LFL). Soil samples were taken from the surface
horizon to no more than a depth of 5...6 cm. Measurements
were retaken three times. The obtained data were statistical-
ly processed using the methodology proposed by G. Khailis

and implemented in [14], as well as licensed software product
Mathcad Prime — 3.0 to obtain a regression equation.

p(P,V,S)=1,2+0,47VS — 0,47V 0,858, (1)

where p — soil density, g/cm?; P — specific load, N/m; S — im-
pact degree of the working surface on the soil, %.

AGRICULTURAL ENGINEERING, 2020, No 2 (96) 1 3
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The adequacy of the compiled regression equation was
verified with experimental data using the Fisher’s ratio test
(F test). Based on the calculations, it was found that

F =1.08<2.78 = F(0,05;4;24), 2

and proceeding from which, we can conclude that the model
is adequate.

In a similar way, the data on alignment, ridgeness,
and lumpiness were measured to construct response surfaces
(Fig. 4).

The practical application of the experimental rotary working
tool was studied as part of the re-equipment of the KBM-8NU
block-modular cultivator, on which the original rotary rollers
were replaced by experimental working tools. The experiment
was carried out on sod-mid-podzolic sandy loam and light
loamy soils in accordance with the approved method [15].
In the course of research, a change in the soil structure was
determined (Tab. 2).

The operation analysis of the experimental working tool
has revealed the predominance of its use on sod-podzolic
soils relative to the rotor roller, used in the conventional
layout scheme of the modular block cultivator. The use
of a new tool has increased the amount of agronomically
valuable fraction during seedbed preparation on sandy loam

soils by 4.0%, on light loamy soils by 4.2%, while increas-
ing the structural coefficient by 0.66 and 0.55 points, respec-
tively.

4,54

115+

-0.54
04

Figure 4. Response surface of density changes
from the studied factors

Puc. 4. IloBepxHOCTh OTKJIMKA H3MEHEHHUs IUVIOTHOCTH
0T HccliefyeMbIX (aKTOPOB

Table 2

Effect of rotary working tools on the structure of the sod-podzolic soil

Tabnuya 2

BansiHue poTalMOHHBIX pa604YMX OPraHoOB HA CTPYKTYPHO-arperaTHblii cOCTaB 1ePHOBO-MOA30IMCTOM MOYBbI

KMB-8NU with original rotary rollers KMB-8NU with experimental rotary working tools
KMB-8HY ¢ sxcnepumenmanbHulmu
. . KMBbB-8HY ¢ 3a800cKumu pomopHuiMu KAmKamu
Fractions of soil peds, mm POMAYUOHHBIMU pABOUUMU OP2AHAMU
Pparyuu nouseroix Soil particle size distribution / 7 panyromempuueckuii cocmas nous
azpezamos, Mm
sandy loam light loam sandy loam light loam
cynecuanas J1e2KOCY2NUHUCASL cynecuanas JLeSKOCY2IUHUCIAL
<3 52 44 6.0 52
3...5 17.1 15.9 18.6 17.4
5...10 51.1 49.8 52.8 51.7
10...20 16.6 17.8 15.7 16.5
20...30 8.7 10.4 6.5 8.6
>30 1.3 1.7 0.4 0.6
Structural coefficient, points
Kosppuyuenm 2.76 2.34 342 2.89
cmpyKmypHocmu €o.
Conclusions of the compiled mathematical model made it possible to imple-

As exemplified by designing a working rotary tool model,
the initial parameters describing the interaction of the working
tools of farm machines with soil were determined. This is nec-
essary to determine the form and type of technical and techno-
logical characteristics of interacting surfaces. The formalization
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