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ANALYSIS OF STRIP CULTIVATORS FOR TILLAGE
ON THE TECHNOLOGY OF STRIP-TILL

The article presents the problem of choosing an aggregate for bandpass processing of soil with the condition
of minimizing energy consumption. Modern cultivators for cutting strips require a large capacity of tractors per
one meter of working width. This is primarily due to the large depth of tillage, but also affects the greater weight
of the machines. To ensure the possibility of cutting crop residues, the weight of the cultivator must provide the
necessary pressure of the disc knives to the soil. As a rule, half of this pressure is achieved by hydraulically
clamping the frame of the cultivator or its sections, while the other half is directly the weight of the cultivator.
Today manufacturers offer a large number of different cultivators for strip processing. All of them in general
have the same working principle, but the combinations of working tools are different. This, in turn, affects the
weight, productivity and power consumption. Additionally, different work bodies provide different tasks, or one
task with different results, which affects the final purpose of processing and the quality of its execution. The
article considers the use of different types of belt cultivators taking into account their productivity, tractor power
consumption, weight and cost. Further studies require the question of the quality of the operation of cutting the
strips of different sections of strip cultivators. The research methodology for choosing the optimal cultivator
using the distance-to-target method and the energy evaluation of mechanized technologies in plant growing
is determined. The choice of the least expensive, in terms of energy, schemes of cultivators allowed to draw
conclusions about the rational arrangement of working tools in the section. If the main task is to reduce energy
consumption, it is better to give preference to cultivators with disk working tools. These can be flat or wavy disks,
their choice will primarily depend on the moisture content of the soil. These machines can operate at high speeds
of more than 12—15 km / h, which ensures their high performance. The results of theoretical studies on the choice
of strip cultivators are based on models of the world s leading manufacturers.

Key words: Cultivator, Strip-Till, disk knives, working tools, energy evaluation, mechanized technologies.

Formulation of the problem. From different
crops in the crop rotation, row crops, especially those
that have well-developed rod roots-ape, sugar beet,
corn, sunflower — equire a lot of attention. They loosen
the soil good enough and provide a good structure for
further cultivation of subsequent crops. In turn, on
poor soil preparation and improper handling of the
precursor, they react very sensitively with significant
fluctuations in yield [1, p. 263]. Given these features,
along with the need to save energy and preserve the
integrity of the environment in agrarian production,
alternative technologies of management are gaining
more importance, one of the leading places among
which belongs to Strip-Till technologies [2, p. 81].
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Analysis of recent research and publications.
Technology comes from the United States of America.
In recent years, the number of farmers who practice
Strip-Till technology in the US is growing every year
[3, p. 48].

For many agrarian countries, Strip-Till’s system
of rational soil management is new. The earth is
cultivated on arable depth, and even deeper than
strips, and not entirely. In the intervals between the
strips, the soil remains untreated and the natural
structure of the soil remains intact as in direct sowing.

However, cultivators for strip processing have been
little studied. Considering the working conditions of
these cultivators in different natural and climatic zones,
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it is necessary to investigate the effectiveness of their
application. First of all, it is necessary to determine not
only the qualitative performance of strip cultivators on
soils characteristic of the central region of Ukraine, but
also the energy indicators of their use [4, p. 6].

Currently, there are a lot of researches in the field
of cultivator working for Strip-Till. The working tool
“ROPA”, is intended for minimum tillage with a strip
deepening [5, p. 35; 6. p 42]. Its curved stand has an
internal soil bend in the direction of the field cut at an
angle of 45 degrees and is equipped with a flat-cutting
foot, a knife and a shoe with an overlaid chisel.
A known cultivator working tool that can process a
strip 25-35 c¢cm wide to a depth of 37 cm [7, p. 867].
The unit for strip cultivation without plant residue
cleansers was proposed by the developers Michael
G. Kovach, Rickey L. Gerber [8, p. 2].

Producers of tillage equipment offer a rather large
range of Strip-Till cultivators. These are companies
such as Orthman, Kuhn, Amazone, Down, Gaspardo,
Kverneland, Twin Diamond Industries, Hiniker,
Sunflower. Strip-Till cultivators of these companies
are of great interest when using them in conditions
and soils of Ukraine.

Formulating the goals of the article. Using the
distance-to-target method and the energy evaluation
of mechanized technologies [9, p. 138], a study was
made of the technical and technological parameters
of sections of modern cultivators for strip processing
of soil.

Let’s compare the proposed -cultivators for
energy indicators. The primary data for selection and
justification are the norms for the production of W,
and fuel costs for H,.

All calculations lead to 1 hectare. For the shifting
rate of production, the hourly rate of production W,,,
ha hr' is found.

The energy equivalents are determined as follows.

wo eom, (1)

hr ~
where W, is the replacement rate of production,
ha hr'; 7 is the rationary hours.

The number of hours (person-hours ha') is
determined by the formula:

Hhr

1
W, (2

The energy intensity of the machine unit (MJ ha™') is:

Epy=-H )

— b
mu =Hy, (aef +agm +ac)

where a,, a,,, a, — the energy equivalent of the
energy facility, the agricultural machine, the coupling,
respectively, MJ ha™'.

Energy consumption of fuel (MJ ha') equals:

E,=H,-a,, 4
r=trey “
where H; — is the rate of fuel consumption kg ha’,
is determined by the standards; a, — is the energy
equivalent of fuel; a,= 79,5 MJ kg™
Expenses of the operator:

)

3, = —0
Whr
where n, — the number of machine operators,
which serve the unit in one shift.
Since there are no auxiliary workers, the total
costs of the work are 3.= 3,.
Energy intensity of human work (MJ ha'):

Eh:30'ao+3ad.aad7 (6)

Total energy consumption for the process
operation:

Ec:Emu+Ef+Eh, 7

The results of the calculations are summarized in
Table 1.

For the previous analysis and comparison of
different Strip-Till cultivators and the definition of
rational, ten brands of cultivators were taken. To
solve this problem, multicriteria analysis is applied.
The evaluation of alternative methods of selecting the
Strip-Till cultivator was carried out using five criteria:
cultivator productivity W, ha h'' (K1); the power of
the tractor, which is necessary for the cultivator to
work (the power required for the operation of one
section) P, kW (K2); mass of cultivator (mass of one
section) m, kg (K3); energy intensity of cultivator E,
M1J ha'! (K4); the value of the cultivator (the cost of
the section) U, $ (K5). The initial set of alternative
cultivator options for Strip-Till technology and the
relevant criteria and their values are given in Table 2
(the number of rows is indicated in parentheses).

To perform multicriteria analysis, we used the
distance-to-target method. A comparison of all
variants of the original set with a conditional idealized
variant is performed, in which the best values of the
criteria from the original set of alternative variants
are present. The formation of the set of accepted
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criteria is carried out with the same direction of
improvement (reduction) of all criteria. The task

The coefficient of significance of the criteria ;s
determined by the formula:

of their comparative evaluation was solved by the P.
method of prioritizing by using the coefficients A= j{) , (8)
of significance of the criteria Ai whose value is )y i

calculated under the condition ¥ Ai = 1. For this, the
criteria were compared in pairs and the coefficients
of advantages are indicated in the corresponding cells
of the matrix (Table 3). For this, the criteria were
compared in pairs and the coefficients of advantages
are indicated in the corresponding cells of the matrix

where P; — is the sum of the products of each
element of the i-th line by the elements of the vector-
column X K; is defined as:

K4 >K2>KI1>K3 =K5. : ©)
Table 1
Calculation of the energy intensity of aggregates
Energy
Productivity B g" 2 . intensity,
22 |2 Z S f 72 MJ ha’
1| 82 |E%| 22 | £2 | =«
Brand cultivator =l x| =] E Eﬁ z=| = Sﬁ s = s 2
= | = | | BE |52 BT | =2 z E
Sl 5| 5| 85|27 58| 88| 5| ¢
g E & % |3 £s (G- g g
z | = m}; = E g
Itripr (Orthmen) 8 rows 42 | 6 |0.17| 6745 | 87 | 691.65 | 0.17 7.23 | 766.33
Pluribus (DAWN) 6 rows 2941 42 [0.24| 42.11 | 3.8 | 302.1 0.24 | 10.33 | 354.54
Stripcat (Slyfrance) 12 rows 70 | 10 |0.10| 41.72 | 4.8 | 381.6 0.10 4.34 | 427.66
Amazone xtill 8 rows 46.9| 6.7 [0.15| 53.27 | 6.7 | 532.65 | 0.15 6.48 | 592.40
Kuhn (Striger) 8 rows 42| 6 |0.17| 64.10 | 7.3 | 58035 | 0.17 7.23 | 651.68
Kuhn—Krause (unit Gladiator) 12 rows 49 7 [0.14| 50.84 | 5.7 | 453.15 0.14 6.20 | 510.19
Gaspardo Zebra 8 rows 42 | 6 |0.17| 7595 | 87 | 691.65 | 0.17 7.23 | 774.83
Kverneland Kultistrip 8 rows 63 9 10.11| 4289 | 54 | 4293 0.11 4.82 | 477.01
Hiniker 6000 6 rows 5041 7.2 |0.14| 52.61 6 477 0.14 6.03 | 535.64
Sunflower 7610 8 rows 63 | 9 |0.11| 40.88 | 4.8 | 381.6 0.11 4.82 | 427.30
Table 2
The initial set of alternatives cultivators for Strip-Till technology
Productivit Tractor Energy intensity of
Ne Brand cultivator H,, per.-h hgll'l 11;0:& Mass m, kg worgkyE, MJ lg" Cost U, §
9
X)) (Ky) Xy) X) Xy)
1 Gaspardo Zebra (8) 0.17 22.2 274 774.83 4000
2 Stripcat Twin Diamond (8) 0.10 15 375 427.66 4160
3 Orthman ltripr (8) 0.17 22.2 407 766.33 4750
4 Kverneland Kultistrip (8) 0.11 22.1 306 477.01 7250
5 Kuhn Gladiator (12) 0.14 20 425 510.19 4375
6 Kuhn Striger (8) 0.17 21 303 651.68 6000
7 Dawn Pluribus (6) 0.24 8 230 354.54 5000
8 Hiniker 6000 (6) 0.14 15 247 535.64 3650
9 Amazone xtill (8) 0.15 16 390 592.40 3441
10 Sunflower 7610 (8) 0.11 17 411 427.30 5000
Idealized option (lowest) 0.10 8 230 354.54 3441
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After determining the coefficients of importance
criteria, calculate the distance to the target for a given
set of alternatives:

-1, (10)

Uio

where Uj; — is the value of the i-th criterion of the
j-th variant; U,,— is the value of the i-th criterion of the
idealized variant; A; — is the coefficient of significance
of the i-th criterion.

U..

Table 3
Matrix for determining priorities

Criteria Criteria numbers

numbers | K, | K, | K, | K, | K, LK Py b
K, 1.0[05|15[05|15| 5 22 0.19
K, 1.5|(10[|15]05|15] 6 275 10.24
K, 05]05]1.0[05]|1.0| 35 16 0.14
K, 1515151015 7 | 3375]0.29
K, 05]05]1.0(05]|1.0| 35 16 0.14
> 115.25

Outline of the main research material. The
main task of mechanical tillage is to create favorable
conditions for the growth and development of plants.
To create such conditions, it is necessary to perform a
mechanical effect on the soil by certain tillage tools.

To ensure such conditions, it is necessary to
develop a classification of working tools, taking into
account the severity of their work and the destruction
of soil structure. Therefore, the working tools that are
used in Strip-Till technology are classified according
to the sequence of their work and the load on the soil
[11, p. 39].

Equipment for the implementation of Strip-Till can
be divided into three main categories: light, medium
and heavy, depending on the weight of the sections
and the depth of processing (or degree of tillage).
Moreover, it is classified according to the degree of
influence of the working tool on the soil.

Spring aggregates for Strip-Till are mainly
intended for cleaning a number of plant residues and
moderate surface loosening of the soil. It is possible
at the same time to apply mineral fertilizers to the
depth of surface loosening. For the autumn version of
Strip-Till in the section for strip cultivation, the jay is
mandatory for intensive loosening of the soil:

a) medium — for a depth of 20-30 cm;

b) heavy — for the depth of processing 30—50 cm.

To implement these technological operations,
it is necessary to use certain working tools, which,
with a minimum of energy costs, make it possible to
implement the full range of planned activities

Cutters — designed to guide the strip, cutting
stubble residues, furrow formation, which facilitates
and improves the performance of the executive
working tools.

The main working tool is a stand for loosening the
soil. How rippers are used: chisels, chisel-like paws.

The executive working tool is designed for
processing the created strip, cropping weeds,
loosening, pre-sowing soil cultivation, creating
conditions for efficient fertilization, growth and
development of seeds.

Section for the introduction of mineral fertilizers
is intended for the introduction of mineral fertilizers.

Section for leveling the soil — is intended for
leveling the field, fixing fertilizers, creating conditions
for the further development of plants by compacting
or loosening.

The energy analysis of cultivators made it possible
to evaluate their performance taking into account the
productivity (and this is the number of sections and
speed of movement), mass and fuel consumption of
the units.

As calculations show, the energy intensity of
aggregates (Table 2) varies from 354 MIJ ha'! to
775 MIJ ha'. The lowest energy intensity of the
Stripcat (Slyfrance) units is 427.66 MJ ha”', Pluribus
(DAWN) is 354.54 MJ ha!, Kverneland Kultistrip —
477.01 MJ ha'! and Sunflower 7610 — 427.3 MJ ha'".

900
800
700 4
600 -
500 4
400
300 4
200 4
100 -

Energy intensity of work E, MJ ha

Brand cultivator

Figure 1. The graph of the energy intensity of
aggregates

The largest increase of energy intensity (Fig. 1)
in the Gaspardo Zebra units is 774.83 MJ ha!, Itripr
(Orthman) — 766.33 MJ ha'!, Kuhn Striger — 651.68
MIJ ha!, Amazone xtill — 592.4 MIJ ha’!, Hiniker 6
000 — 535.64 MJ ha' and Kuhn Krause (aggregate
Gladiator) —510.19 MJ ha''. The high energy intensity
is primarily due to the mass of aggregates. To cut
plant residues, a large pressure of the knife (mainly
discs) is needed on the soil. This pressure is created
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with the help of hydraulic systems and the weight of
the cultivator sections. In addition to the mass of the
most cultivators, the energy intensity is also affected
by the depth of processing and the performance of
working tools. Cultivators Pluribus (DAWN) and
Hiniker 6 000 are treated in six rows, but Pluribus
(DAWN) works at a depth of 5-12 cm, and the Hiniker
6 000 can operate at a depth of 30 cm and the energy
intensity of the Hiniker 6 000 is 43% more than the
Pluribus (DAWN), because its aggregation requires a
twice as powerful tractor.

All the cultivators considered are designed for
the same purpose, so the layout of their working

tools is similar, but the energy capacity of Pluribus
(DAWN) is also smaller because it does not have
a chisel-like paw. In all other cultivators from the
group, the layout of the working tools is as follows: a
disk knife is installed in front of the section, followed
by a row cleaner — two star-like discs, then a chisel,
scoring discs and a roller. The working bodies of
machines differ both in shape and in size. And this,
accordingly, already affects the working conditions
of the machine and the mass of working sections. So
the cultivators Sunflower 7 610 and 1tripr (Orthman)
are processed in 8 bands, they work almost at the
same depth up to 25 cm, have almost the same weight
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Figure 2. The graph of mechanized technology options behind
the general criterion of distance to the target
Table 4
Evaluation of mechanized technology options
Criteria used for analysis A general Grade
: - Energy inten- criterion for of
Brand cultivator I_i’roduct;lvilty_1 Tracltoi'(w Malis sity of work %os; the distance to | cultiva-
ne Per-h ha™ | power b, M, X8| g, MJ ha ’ the target,p | tors
K1 K2 K, K4 K
Gaspardo Zebra (8) 0.17 22.2 274 774.83 4,000 0.95 9
Stripcat Twin Diamond (8) 0.10 15 375 427.66 4,160 0.39 2
Orthman ltripr (8) 0.17 22.2 407 766.33 4,750 1.06 10
Kverneland Kultistrip (8) 0.11 22.1 306 477.01 7,250 0.74 7
Kuhn Gladiator (12) 0.14 20 425 510.19 4,375 0.72 6
Kuhn Striger (8) 0.17 21 303 651.68 6,000 0.91 8
Dawn Pluribus (6) 0.24 8 230 354.54 5,000 0.33 1
Hiniker 6000 (6) 0.14 15 247 535.64 3,650 0.45 3
Amazone xtill (8) 0.15 16 390 592.40 3,441 0.63 5
Sunflower 7610 (8) 0.11 17 411 427.30 5,000 0.52 4
Idealized machine 0.10 8 230 354.54 3,441 0.00
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of the sections (411 and 407 kg respectively), but
the aggregation of the cultivator ltripr (Orthman)
requires 30% capacity than the Sunflower 7 610
(22.5 kW and 17 kW, respectively). And the
total energy intensity of these cultivators has the
corresponding result: the energy intensity of the
cultivator Itripr (Orthman) is 79% higher than the
energy intensity of the cultivator Sunflower. The
number of sections of cultivators have their influence
on the energy intensity of aggregates. It can be seen
from the table that the eight-row Gaspardo Zebra
has a 52% higher energy intensity than the twelve-
row Kuhn Krause (the Gladiator unit). Gaspardo
Zebra has a smaller mass of sections (274 kg against
425 in Gladiator), a smaller depth of treatment
(10-25 em vs. 15-30 cm in Gladiator), but more power
per section (22.5 kW vs 20 kW in Gladiator). The high
energy intensity of Zebra is explained by the increased
capacity by 12% for its aggregation, but the main
role is due to the performance, because in Gladiator
the performance is more by 21% than in Zebra. The
greatest impact on the energy intensity of the process
is the fuel consumption per unit area. Having a big
grip bus and working speed Gladiator wins on this
parameter. Hence the conclusion, cultivators with a
large number of sections and a high working speed
have an advantage over energy costs. In the future, it
is necessary to investigate the operation of machines at
speeds of 15 km h' and more as the resistance of the
soil begins to increase sharply, which in turn should
negatively affect the energy intensity of the process.

The multicriterion analysis which was carried out,
allowed from the initial set of alternatives to choose a
variant that is closer to the idealized version, for which
p = 0. The distance to the target determined in this way
for a given set of alternative options gives a comparative
evaluation of technology options (Table 4).

Thus, from Table 4 and Fig. 2 it can be seen that
of the considered mechanized variants of the Strip-
till technology, the closest to the idealized version

is the cultivator Dawn Pluribus (6), in which the
general criterion of the distance to the target is 0.33.
The cultivators Stripcat Twin Diamond (8) (u = 0.39)
and Hiniker 6 000 (6) (u = 0.45) also approached
the idealized variant. As we have already discussed,
Dawn Pluribus treats the soil to a depth of up to
12 cm, so it has the best result for three parameters:
the capacity for aggregating one section, the mass
of the section and the energy intensity of the work.
Indicators of these criteria and determined the best
result in relation to the idealized version. But if you
look at the productivity of this machine, then it is the
smallest of the group. Stripcat Twin Diamond has the
best result in terms of productivity while not having
the greatest energy and price. The Hiniker 6 000 also
has good productivity with low mass sections and
price. The cultivators Orthman 1tripr (8) (n = 1.006),
Gaspardo Zebra (8) (1 = 0.95) and Kuhn Striger (8)
(1 =0.91) were far from the idealized version. These
cultivators are the most energy intensive in operation
with relatively low productivity.

Conclusions. Thus, the conducted multicriteria
analysis allowed to estimate cultivators for work
on Strip-Till taking into account different criteria:
technological, technical and economic. The depth of
processing, working elements, the width of the grip,
the number of sections have their influence on the
efficiency of the machines. The obtained results make
it possible to compare machines among themselves,
but it is necessary to take into account the working
conditions for which these cultivators are designed.

For example, you need to consider the depth of
processing. The disks do not allow working at great
depths, while the paws can process the soil and apply
fertilizers to a depth of 30-35 cm. The combination
of one paw for deep processing and two or three
discs is best suited for all tasks with the least energy
costs. Also, the failure, if possible, of the purifiers
of the rows and rollers has a positive effect on the
productivity and energy intensity of the unit.
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Boiitik A.B., KpaBuenko B.B., KyrkoBeupbka T.O., [Tymka O.C. AHAJII3 CTPIYKOBUX
KYJIBTUBATOPIB JJISI OGPOBITKY IPYHTY 3A TEXHOJIOT'TI STRIP-TILL

Y ecmammi nasedeno npoonemy eubopy azpezamy 0isi CMy2080i 00pOOKU TPYHMY 3 YMOBOIW MIHIMIZayil
sumpam euepeii. Cyyacui Kyremueamopu O1a HAPI3V8AHHA CMYe BUMA2AlOMb BeIUKOI NOMYHCHOCHI
mpaxmopie na oOun memp wupunu 3axeamy. Lle nacamneped no8’s3ano 3 6eIUKON 2IUOUHOIO 0OPOOIMKY
IPYHMY, ale MAaxkoxc No3Hadacmvcs i eenuka eaza mawun. LL[oo 3abe3neyumu moociugicme nepepizanms
POCIUHHUX 3ANUWIKIG, 8ad2a KYyIbMU8amopa NOSUHHA 3abe3nedysamu HeoOXIOHUU MUCK OUCKOBUX HOMCIE
Ha TpyHm. AK npasuno, nonosuHa ybo2o MUKy 00CA2AEMbCA WIAXOM 2IOPABNIYHO20 NPUMUCKAHHA PAMU
KYIbMUBamopa 4u o020 cekyiu, a iHua noniosuHa — ye 06e3nocepeonbo 8aza Kyrvmueamopd. Bupoonuxu
Hamenep NPONOHYIONb BEIUKY KIIbKICMb DIZHUX KVIbMUBAMOpIe 0/ cMy2080i 06podxu. Bci eonu 3azaniom
Marome mot camuii npuHyun pobomu, anre kombinayii pobouux opeanis siopizuaromsca. Lle, ceocto uepeoio,
NO3HAYAEMbCS HA 8a3l, NPOOYKMUBHOCMI U CNOdiCUGUI nomydxcnocmi. Jlooamxogo pisHi poboui opeanu
3a6e3neuyioms UKOHAHHS PIZHUX 3A0ay, ab0 0OHIET 3a0aui 3 PISHUMU Pe3VIbMamamu, Wo 6NAueac Ha KiHyesy
Memy 06pobieHHs ma AKICMb 1020 6UKOHAHHA. Y cmammi po3e/iaAHymo 8UKOPUCTNAHHS PI3HUX UOI8 CMY208UX
KYIbMUBamopie 3 Ypaxye8aHHsaM IXHbOI NPpOOYKMUBHOCMI, CHOJNCUBAHOI NOMYICHOCMI mpaxmopad, edazu 1
sapmocmi. Tlooanvuux 00caiodxicenb UMA2AOMs NUMAHHS SKOCMI GUKOHAHHS Onepayii Hapi3aHHs CMpiuoK
PIBHUMU CeKYIAMU CMPIYKOBUX KYIbMUBAMOPI6. BusHaueHo memoouxKy 00CIiOHCeH A 3 8UOOPY ONMUMATLHOZO0
KYIbMu8amopa 3a 00Nomo2010 Menooy i0Cmani 00 yii i enepeemuyHol OYiHKy MeXaniz08anux mexHono2ill 6
pocauHHuymei. Bubip HalimeHw umpamHux i3 00Ky eHepeii cxem Ky1bmusamopie 00360118 3p0OuUmu 8UCHOBKU
npo payioHanrbHe KOMNOHYBAHHA POOOUUX OP2aHi6 HA ceKyii. AKujo 0cHO8He 3a80aHHA CMOIMb Y 3MeHUeHH]
CHOJCUBAHHA eHepeii, Kpauje 8i00amu nepesazu KylbMueamopie iz OUcCKosumu pobouumu opeanamu. Lle
MOodcymeb Oymu naocki abo xeunsicmi Oucku, ix eudip nacamneped Oyoe 3anedxicamu 8i0 601020CMI TPYHMY.
Taki mawunu Modscymos npayro8amu Ha NiOSUWeHUX WEUOKOCMAX, NoHao 12—15 km/200, wo 3abe3neyye ixHio
BUCOKY NpOOyKmMusHicmo. Pesynomamu meopemuunux 00cCaiodxcenb no 8UOOPY CMY208UX KYIbMUBAMODPI6
HageoeHi Ha OCHOBI Mooenell NPOGIOHUX CBIMOBUX BUPOOHUKIE.

Knwuosi cnosa: kyremusamop, cmpiuka, OUCKOBUL HIdC, poOOYULl [HCMpPYMeHM, eHepeoOYiHKa,
Mexanizoeamni mexHonozii.

28 Towm31(70) Y. 1N2 2 2020



