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The STRIiP-TiLL technology came from the USA, where at a certain stage, as a result of changes in
the external environment, it was formed from the technology of direct seeding, or No-Till. This tillage
technology is most suitable for row crops. Yes, it was primarily developed in North America specifically for
corn. Gradually, it proved itself well during the cultivation of other row crops, in particular, sunflower,
soybean, sugar beet, etc.

Strip cultivation, as a resource-saving technology with the prospect of its application in arid
conditions, is quite promising in the cultivation of industrial crops. The key principles of implementing the
strip-till technology are the separate type of its application, i.e. the formation of strips and sowing are spread
over time, or combined - when the processes of forming strips and sowing are carried out simultaneously.
World agricultural engineering offers various technical and technological solutions for the implementation of
strip-till technology, based on the application of the principles of separate and combined methods of
implementing this technology, in which they use: in the first version - separate machines for forming strips
and sowing, in the second - about combine them into one unit and use one universal unit.

One of the features of strip tillage is the possibility of using various chemicals and mineral fertilizers
at the same time as sowing seeds, which makes it possible to make the fertilizing process quite precise and
targeted, placing active substances right near the roots of the plants.

Strip-Till allows you to integrate oxygen into the soil with part of the fertilizers when plants with a
short growing cycle are planted. This improves plant development by eliminating stress. Passing the rollers
on both sides of the seed line eliminates the air pocket left by the paws, promoting ideal plant growth.
Loosening only the seed line limits or eliminates inter-row weed growth while creating a water storage area
that will percolate to the roots of the harvested plants.

Key words: strip-till, design parameters, application of fertilizers, soil, strip tillage.

Eq. 19. Fig. 10. Ref. 8.

1. Formulation of the problem

Currently, plowing is the most common method of basic soil cultivation. Plows ensure bulk grinding,
soil mixing and incorporation of plant residues. However, when plowing to a constant depth, the sole of the
plow is formed and the soil is compacted.

To reduce soil compaction, clearing plows are used to retain moisture in the soil and retain the upper
nutrient layer, while maintaining a core that restrains water and wind erosion. In addition, chisel tools are less
energy-intensive than plows. However, the presence of surface abrasion requires the use of special tools for
additional soil treatment.

2. Analysis of recent research and publications

One of the compromise options today is strip tillage. Thus, when processing strips, part of the surface
remains untreated with plant remains and biota, which contributes to the recovery of the soil after processing,
as well as the accumulation of moisture and loosening in the processed strips. This method of grant processing
is increasingly used in farms, but its application raises a number of questions. One of the main ones is
processing time. Opinions of experts and practitioners were divided. Some of them believe that cultivation
should be done in the spring together or before sowing, while others say that it is necessary to cut the strips in
the fall, and in the spring to sow the seeds in the pre-cut strips. The analysis of publications showed that
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depending on the condition of the soil, natural and climatic conditions and the availability of equipment, each
of these options can be implemented. But each of them has its own terms of use [2].

To date, a large amount of theoretical and practical material has been accumulated on the justification
of the constructive and technological parameters of tillage machines and working bodies. These works are
mainly aimed at the development and improvement of technical means used in technologies of continuous soil
treatment. However, the presence of plant residues on the surface of the field, increased hardness and poverty
of the soil significantly affect the processes of soil treatment, which must be taken into account when justifying
the parameters and developing aggregates for strip cultivation. In order to substantiate the structural and
technological design and parameters of the unit, it is necessary to consider the process of interaction of its
working bodies with the soil.

Currently, there is no serial production of tillage units for strip cultivation in Ukraine. Foreign models
of units for strip cultivation are very expensive and are developed without taking into account the soil and
climatic conditions of Ukraine. In addition, the existing units do not allow volume application of fertilizers to
the soil. In connection with this, an urgent task is the development and substantiation of the parameters of the
unit for strip tillage for cultivated crops with the possibility of volumetric intra-soil fertilization.

Let's consider some foreign aggregates for strip-till technology.

The well-known Kuhn Gl

——

Fig. 1. Kuhn Gladiator 1200 soil tillage unit:
a — general view; b — construction of the Gladiator 1200 tillage unit section

This unit of the French company Kuhn is manufactured from small to wide-grip versions, which allows
you to process large fields. The section is made in the form of a parallelogram, which allows you to accurately
withstand the specified depth. The KUHN Krause ST-PRO Row Unit system ensures constant contact of the
rolling working bodies with the soil, but this system is very expensive. Also, the disadvantage of this section

is its low working clearance, which can cause clogging with plant remains.

Fig. 2. Focus TD soil tillage unit manufactured by Horch

The advantages of this unit are a fairly large placement of working bodies from each other, racks for
deep loosening have spring protection with an actuation force of 550 kg.

Disadvantages include the heavy weight of the unit, as a result of which a high tractor power is required
for operation, which requires from 200 to 300 hp. for processing 3 m width of soil grip, depending on the
configuration. This unit does not have a slotted disk, which is installed in front of the rack and row cleaners
from plant residues, as well as side disks that limit the strip being processed.
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Fig. 3. Section of the Strip-Till Integral tillage unit from Duro-France

The advantages of this section are a relatively light construction for strip-till technology, the rear roller
is located on a vibration stand and a high clearance of the frame, which is 64 cm.

There are also disadvantages of this section, among which the close location of the working bodies to
each other, which can cause clogging with harvest residues, as well as poor copying of the topography of the
field [8].

Taking into account all the positive and negative sides of the aggregates listed above, we offer a strip-
till section that will combine the maximum possible number of positive characteristics and contain the
minimum number of shortcomings in the conditions of Ukraine necessary for modern farms.

Characterization of the processes that occur during the interaction of various types of working bodies
with the soil is the basis for differentiating the composition of tillage machines. A significant number of
scientific works on agricultural mechanics are devoted to the issue of the interaction of working bodies with
the soil, in particular by V.P. Goryachkin, P.M. Vasylenko, V.A. Zheligovskyi, L.VV. Pohorily, O.N.
Sokolovskyi, A.S. Kushnaryova, P.V. Sysolina, A.M. Panchenko, V. I. Vetokhin, V. O. Dubrovina and others.
Sufficient attention has not been paid to the study of aggregates for strip tillage, their structural and
technological parameters and the impact on quality and energy indicators in the conditions of Ukraine. That is
why it is necessary to generalize research on the expediency of using strip tillage technology to obtain an
effective production result, to determine its positive opportunities and negative consequences [3].

3. The purpose of the study

On the basis of analytical calculations of the tillage process, it is necessary to substantiate the structural
and technological parameters of the proposed section for strip tillage.

4. Presentation of the main material

To substantiate the structural and technological parameters of the strip tillage section, a research
program was developed, the scheme of which is presented in fig. 4.

The program includes three main stages of research:

- analysis of strip tillage technology (strip-till);

- modeling the process of processing the strip-till section and modeling the process of applying
fertilizers, assessing the adequacy of models by experimental methods;

- analysis of research results.
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Fig. 4. Research program

We will conduct a constructive and technological justification of the developed scheme.

Figure 5 shows the estimated layout of the working bodies of the strip-till section. The diagram shows
the structural parameters characterizing the position of the working bodies of the section in space relative to
each other and the treated surface.
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Fig. 5. Scheme of placement of working bodies on the section frame:
1 — front split disc; 2 — split rear discs; 3 — slitter with knives; 4 — spherical disks; 5 — slatted rink;
I_1 —the distance between the axes of the front and rear cutting discs; |_2 — the distance between the tip of
the slitter and the axis of the rear cutting discs; |_3 — the distance between the toe of the slitter and the axis
of the spherical disks, which fill up; I_4 —the distance between the axes of the spherical discs and the slatted
roller; 1_5 is the distance between the rear spherical disks in the transverse direction
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The calculation scheme for the installation of lateral vertical discs is presented in Fig. 6.
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Fig. 6. Calculation scheme for installation of lateral vertical disks

Angle O depends on the physical and mechanical properties of the soil and varies within 18 to 42° [3].
Let's define (Figure 4) the distance between the traces of working bodies according to the following formula:

S=(5-S,)+B, +2:(a—a, )'tgl, (D
where B, — the width of the grasp of the working body for applying fertilizer, m; a; — height of

installation of knives, m; 6,, — the angle at which soil chipping occurs in the transverse-vertical plane.
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Fig. 7. Calculation scheme for determining the width of the working body for applying fertilizers

From formula (1), let's express the minimum width of the working body for applying fertilizers of the

upper tier
Bp =Sp—2-(a —ay )tgOh. (2)

At the depth of processing a=0,25 m, the height of the installation of the knives on the rack of the
slitter a;=0,15 m. and the maximum soil chipping angle 8,, =42° the width of the knives of the upper tier of
cultivation and fertilizer application B;, = 0,18 m.

The position of the working body on the rack is determined based on the technological process of its
interaction with the soil in the longitudinal plane (Figure 5). To reduce the energy intensity of the process, it
is necessary to minimize the overlap of the deformation zones of the formation with the chisel of the slitter
and the working body for applying fertilizers of the upper layer on each other. This condition will be ensured
if the tip of the bit or the working body for applying fertilizer and the intersection of the cleavage line of the
soil layer with the soil surface lie on the same vertical line.
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Fig. 8. Calculation diagram of the installation height of the knives on the rack of the slitter
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To ensure the conditions described above, the distance from the knife to the tip of the bit is determined
from the expression:

[=(a—ay )tgy, 3)
where 1, —angle of displacement of the soil of the upper tier, deg.
Y1 =ate, 4)

Justification of the distance between working bodies.

To eliminate clogging of soil and plant residues between the working bodies, the soil deformation
zones of each of them should not intersect with each other.

According to the calculation scheme (Fig. 6), the distance between the working bodies is determined
as follows.

The loosening working body is characterized by the following parameters: a — depth of processing, m
(a = 0,25 m); B — the angle of placing the bit on the bottom of the furrow, degrees; B — bit grip width,
m (8 = 0,03 m); B, — the width of the loosening zone of the bit, m; I; —departure of the bit relative to the rack,
m (11 = 0,05 m); [, — the distance between the disk and the loosening working body, m

I =a(aty) (%)
where a — angle of collapse (@=20°), ¢ - angle of soil friction by bit material (¢>20...30°) [4].
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Fig. 9. Location of the working bodies of the section: 1 — split disc with ribs; 2 — cutting disks; 3 —baking powder

The zone of propagation of soil deformation in the longitudinal direction depends on the value of a, as
well as on the angles a and ¢. When reducing the distance from the chisel to the cutting discs, the soil can be
jammed, and increasing the distance can lead to unjustified elongation of the structure. The deformation zone
is determined from formula 9.

The angle characterizing the area of deformation in the transverse direction of the soil in the plane of

chipping:

0=2¢, (6)
The soil chipping angle can be determined by the formula of V.P. Horyachkina [5]:
¥=90°-(0+¢,+¢@,)/2 (7

where ¢, - angle of soil friction by paw material, ¢, — angle of internal soil friction. ¢, =20°...30°,
@, =30°...40° [6].

= 90° - T = 47,50 (8)
It is necessary to determine the depth of deformation L+. It is determined by the following formula:
x =12+ a2,q, = 4/0,00362 + 0,252 = 0,3 m 9)
The distance between the slitter and the cutting discs Lp is defined as:
Ly=ly+l, (10)
L,=(0,05+(0,25-tg(25°+35°%))=0,3 m (11)
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To determine the deformation in the transverse direction, we use the formula
By=B+2a-tg2¢=0,05+2-0,25-tg26°=0,6 m (12)
Based on the results of formula 12, the deformation zone in the transverse direction is B_g= 0.6 m,
from (Figure 7 a) it can be seen that, with the specified values, the deformation zone in the transverse direction
intersects with the deformation of the neighboring working body, which is not permissible for the strip tillage
technology. In order to achieve the formation of a raw strip, we install two cutting discs in parallel at the depth
and distance:

[,=0,1m (13)
B,=0,25m (14)
with such an installation, we will leave an unprocessed strtimp with a width of 0.25 m (Figure 7 b).

]

e
a) b)
Fig. 10. Scheme of soil deformation by loosening agent:

a) deformation of soil by loosening agent, b) soil deformation using cutting discs

During operation, these cutting discs will cut the soil to a certain depth Ip to form vertical cuts. The
soil deformation that will be generated from the loosener to the cut soil will not propagate further. This creates
a strip of the required width vp and processing depth a.

Thus, on the basis of theoretical calculations, the following structural and technological parameters of
the section for strip soil treatment were obtained:

- the width of the knives of the upper tier of processing and applying fertilizers B b =0.18 m;

- the distance between the slitter and the cutting discs p = 0.3 m;

- running depth of cutting discs | n=0.1 m;

- the distance between the cutting discs in = 0.25 m;

Theoretical definition of tensile strength of the section.

To choose an energy tool for aggregating the cultivator being developed, it is necessary to determine its
traction resistance, which expresses the physical essence of the interaction of the working bodies with the soil.

The traction resistance of the Ryag Section can be defined as the sum of the component traction
resistances of each working body.

Ryag =Prg +2:Pry +Prst2 BBy (15)
where P;;— turbodisc drag, N; P, — resistance of cutting turbodiscs, N; B.,— resistance of the slitter
with knives, N; B¢ — resistance of spherical disks, N; B..— resistance of the roller, N.
Resistance of the turbo disc and cutting discs
Py =akgq (16)
where a — depth of processing, k; — the calculated specific resistance of the knife at a depth of 1 cm
with a back thickness of 10...17 mmis k; = 5...9 N/cm.

The traction resistance of the loosening working body consists of the forces spent on cutting the soil
layer with the chisel blade and the knife of the rack, on the friction of the soil against the bit and the rack of
the working body, on lifting and loosening the soil. The value of these forces depends on the parameters of the
bit and the rack.

Pulling resistance of the ripper (slitter):

P.s =k-bg -h 17)

where k — specific tensile cutting resistance, N/m; b, — bit width, m; 4 — depth of processing, m.

It is known that the traction resistance of disc working bodies is lower than that of loosening working
bodies, because the forces of friction of the soil against the disc are transferred to the force of rolling.
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When the soil is deformed by shear, the specific resistance of the soil to cutting
K=T,1qx-COSQ -sin(a- @)/cos? (o++¢p,)/2 (18)
where a— the angle of installation of the bit to the bottom of the furrow; t,,4, — net shear stress; ¢ and
¢, — angle of external and internal soil friction.
Traction resistance of a wavy disk
Prs =Ptq /(tg(adm+§0am)) (19)
where a4, — angle of installation of the knife to the direction of movement (a= 10..12), @4y~ the
angle of (external) friction of the soil against the metal (¢=23..25).
As a result of calculations:
- drag resistance of the turbodisc 157 ... 193 N;
- tensile strength of the slitter 635 ... 775 N;
- traction resistance of a spherical disc 225...275 N;
- roller traction resistance 112...132 N;

- total tensile strength of the section 1668 ... 2036 N.
According to the obtained formulas, you can choose an energy tool for aggregating the cultivator.

5. Conclusions

Analytical calculations of the tillage process were carried out, and the structural and technological
parameters of the proposed section for strip tillage were substantiated. As a result of the analysis of soil
cultivation technologies, it was established:

- the position of the working body on the rack of the splitter has a significant effect on the quality of
fertilizer application and the traction resistance of the tool,;

- in order to increase the yield of agricultural crops, it is necessary to ensure volumetric intrasoil
application of fertilizers to the depth of the treated layer;

- application of fertilizers to different depths directly into the soil helps to improve plant nutrition and
allows to reduce plant feeding operations.

- the working body allows you to carry out the main processing of the soil on a strip width of 15 to
25 cm, while about 60% of the field area is not processed, which in turn leads to a decrease in energy costs.
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OBI'PYHTYBAHHS KOHCTPYKIIIL TA TEXHOJIOTTYHUX ITAPAMETPIB CEKIIII STRIP-
TILL JIVIA CMYT'OBOI'O OGPABITKY I'PYHTY 13 BHECEHHSAM 10OGPUB

Texnonocia STRiP-TiLL nputiwna i3 CLIA, O0e Ha nesHomy emani y pesyibmami 3MiHU YMO8
306HIUNBOCO CEPeO0BUYA YMBOPUNACS 3 MEXHONI02I] npamozo nocigy, abo No-Till. Ilepesasicnum uunom ys
MEeXHON02Is1 06POOIMKY IPYHmMY AKHAUKpawe nioxooums 018 npocanuux Kyasmyp. Tak, nepuiouepeogo 6ona
po3pobaanaca 6 Ilieniuniti Amepuyi came nio Kykypyosy. Illocmynogo ona cebe 0obpe 3apexomeHdysana nio
4ac UPOWYBAHHSA THUUX NPOCANHUX KYAbMYD, 30KPeMA COHAUMUKY, COi, YYKPOBUX OYDAKI& Moujo.

Cmyeosutl 00podimox, sk pecypcozbepieaioua MexHoN0z2is 3 NepPCnekmugor ii 3acmocy8anis 8
NOCYWIUBUX YMOBAX, € OOCUMb NEPCHEeKMUSHUM NpU GUPOWYEANHI mexuiynux Kyasmyp. Krouvosumu
npuHyunamu peanizayii mexuonocii strip-till € gidoxpemaenuii mun ii 3acmocy8anHs, moomo opmyeanHs
cMy2 ma nocie po3HeceHo 6 4aci, abo i CyMiujeHull — Koau npoyecu popmMy8anHs cmye ma nociey UKOHYIOms
oonouacno. Ceimose CilbCbKO2OCNOOAPChKe MAWUHOOYOY8AHHS NPONOHYE DI3HI MEXHIKO-MEeXHON02IYHI
Ppiuients 015 8npo8adN#CeHHs mexHon02ii strip-till, 3acnosani Ha 3acMocy8aHHi NPUHYUNIE BIOOKPEMAEHO20 Ma
00'e0Han020 cnocobis peanizayii yici mexHonoe2ii, npu AKUX BUKOPUCIOBYIOMb. Y NEPULOMY 8APIAHMI — OKpeMi
MawuHy 0151 POPMYBaHHsSL CMYe Ma NOCIgY, V 0py2oMy — 00'€Onyioms iX 6 00UH azpe2am i GUKOPUCTHOBYIOMD
00UH YHIgepCalbHULL azpe2am.

Oouiero 3 ocobaugocmeti cMy208020 00pOOIMKY, € MONCIUBICMb OOHOYACHO20 3 NOCIBOM HACIHHA,
BUKOPUCTHANHSA PI3HO20 POOY XIMIUHUX PEYOSUH A MIHEPATbHUX 000puUs, wo 0036058€ 3p0OUmMuU npoyec
RIOAHCUBNEHHS OOCUMb MOYHUM | YIIECAPAMOBAHUM, 3AKIA0AIOYU OTIOHT PeHOSUHU NPSIMO DLl KOPEHI8 POCIUH.

Strip-Till 0o3sons€ inmeepysamu Kucens 8 [DYHM 3 HACMUHOK O0OPUS, KOTU BUCAOACYIOMBCSL POCTUHU
3 Kopomkum eecemayiinum yuxiom. Lle nokpawye pozsumox pocaun, ycysaiouu cmpec. Ilpoxoodcenns
KOmMKi6 no 06uoea 60xu 6i0 MiHil noCigy yCysae NOGIMPSIHY KUWEHIO, 3ATUUEHY TANAMU, CHPUSIOYY [0edIbHOMY
pocmy pociut. Po3nyuysanns minoKu ainii nocigy obmesicye abo ycysae npopocmanus 6yp'amie y Mincpaoosx,
OOHOYACHO CMBOPIOYU 30HY 30epicaHHs 600U, KA 0OyOe Npocouy8amucs 00 KOPIHHA POCIUH, WO
30UparmvCsi.

Knrouoei cnosa: cmyeosuii 06pobimox, KOHCMPYKMUBHI Napamempu, 6HeCceHHs 000pug, TpYHM,
cMy208uUtll 00pOOIMOK TPYHMY
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