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ABSTRACT

BACKGROUND: Obtaining sustainable and high-quality harvest is important for the production of agricultural products.
It is known that up to 40-45% of all energy costs are spent on preparing the soil for sowing when cultivating agricultural
crops. Surface-fallow tillage is a subtle technological process, it influences on normal distribution of the seed material in depth
and, as a consequence, the further uniformity of seedlings. To ensure the process flow of pre-sowing preparation of the soil
for sowing, a new asymmetric working body for a fallow cultivator was developed in the Donskoy Agrarian Scientific Center,
the structural subdivision of the SKNIIMESKh, Zernograd. There is a task to conduct a comparative analysis of operation
of the new working body with V-shaped sweeps when preparing the soil for sowing.

AIM: Conducting a comparative analysis of operation of a serial V-shaped sweep with the new proposed asymmetric working
body of a fallow cultivator by field research in the fields of the Donskoy ANC.

METHODS: The research in the fields of Donskoy ANC was conducted according to the GOST 33687-2015 “Machines and tools
for surface tillage” regional standard. Well-known statistical extrapolation methods implemented in the Microsoft Excel
environment were used for data processing.

RESULTS: The optimal operating parameters of the new proposed asymmetric working body have been determined
in comparison with the serial working body of a fallow cultivator.

CONCLUSIONS: According to the conducted laboratory and field studies, the parameters and operating modes of the new
asymmetric working body were obtained.
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AHHOTALMA

060cHoBaHMe. BaxHbIM Ans Npou3BoACTBa NPOAYKLMM CENbCKOr0 X03AUCTBA ABNSETCS NONYYEHNE YCTOMUMBLIX M KAYECTBEH-
HbIX YpOXKaeB. V3BeCTHO, YTO MPW BO3AENbIBAHUM CENTbCKOX03ANCTBEHHBIX KyNbTyp A0 40—45% Bcex 3HepreTMyecKux 3atpat
MPUXOAMTCA Ha MOAFOTOBKY MOYBbI K NMOCEBY. TOHKMM TEXHOJIOTMYECKWUM MPOLIECCOB ABASIETCA MOBEPXHOCTHAs — napoBas
0bpaboTka noyBbl, IMEHHO OT Hee 3aBUCMT HOPMalbHOE pacrnpefesieHne MOCeBHOr0 Matepuana no riybuHe u, Kak cnep-
CTBMe, JarbHeiLlias paBHOMEpHOCTb BCXOAOB. [ns obecneyeHns npoTeKaHWs npouecca NpeanoceBHoH MoAroTOBKM MOYBbI
K nocesy, B «ArpapHoOM Hay4HOM LieHTpe «[loHCKO#», B CTpyKTypHOM noapasgenenne «CKHUMAM3CX», r. 3epHorpag, 6bin
pa3paboTaH HOBbIA aCMMMETPUYHBIM paboumii opraH 4n1s NapoBoro Kynstueatopa. lepes HaMu cTOWT 3aa4a NpoBECTU CpaB-
HWUTENbHBIN aHanu3 paboTbl HOBOro pabouero opraHa ¢ CepUMHLIMK CTpeNbYaTLIMM lanaMu Npy NOArOTOBKE MOYBLI K MOCEBY.
Lienb paboTbl — npoBeAeHMe CPaBHUTENBHOMO aHanM3a paboTbl CEpUIMHOM CTPENbYaToN Mambl C NPefiaraeéMbliM HOBbIM
acUMMETPUYHBIM paboynM OpraHoM MapoBOro KynbTUBaTopa NyTeM NoNieBbIX UccrnefoBaHuid Ha nonsx «AHL, «[loHcKoi».
Metogpl. UccnepoBanmnsa Ha nonsx AHLL «[loHcKoin» npoBoAunmM cornacHo MexrocyaapcreeHHoro craHgapta M0CT-33687-2015
«MaLumnHbl 1 opyansa Ana NoBepXHOCTHOM 06paboTKM nouBbl». [ng 06paboTku AaHHBIX NPUMEHSANNUCL M3BECTHbIE CTATUCTUYE-
CKMe MeTojbl 3KCTpanonsummn, peasn3oBaHHble B cpefie Microsoft Excel.

Pesynbtatbl. OnpegeneHbl ONTUManbHbIE PEXMUMHbIE NapaMeTpbl paboTbl NpesJIoXKeHHOro HOBOr0 aCMMMETPUYHOr0 paboye-
ro opraHa B CPaBHEHMM C CEpUIHBIM pabounM opraHoM MapoBOro KynbTUBATopa.

3akuioyenmne. CornacHo npoBeAEHHBIM JTabopaTopHO-NONEBLIM UCCIIEA0BAHUAM, NONYYUNIA NapaMeTpbl U PeXuUMbl paboThbl
HOBOr0 acMMMeTpWyYHOro paboyero opraHa.

KnioueBble cnoBa: I'IBPOBOVI KynbTUBaTOp; p360'-IVIl7I OpraH; Ka4yeCcTBO KpOLUEHWUA; no4ea; CeJibCKoe X03AMCTBO; LUMPWUHa
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SKOHOMUKA, OPTAHA3ALIAA
N TEXHONIOTVA TIPON3BOLCTBA

BACKGROUND

The advances in the new generation of agricultural
technology is characterized by high productivity of the
technological component when fulfilling the agrotechnical
requirements for a specific method of tillage [1-12].

At Donskoy ANC, in the department of mechanization
of crop production, a novel asymmetrical working body
of a fallow cultivator has been developed. The new
working body comprises a stand with a chisel and
left- and right-handed blade cultivators installed on it
sequentially (Fig. 1).
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Fig. 1. New asymmetric working body of a fallow cultivator.
Puc. 1. HoBblil acuMMeTpUyHbIA pabounin opraH NapoBoOro Kyfb-
TMBaTOpA.

The parameter of determining the effectiveness of
the fallow cultivator is the quality of crumbling of soil
processed by the working body of the fallow cultivator.
The fallow cultivator should ensure a fine-clump
structure and uniform loosening depth of the soil.

When these requirements are met, the treated area
of the field is leveled, with the height of the ridges and
depth of the furrows not exceeding the values that are
set by considering agrotechnical requirements.

This study aimed to conduct a comparative
analysis of the operation of a serial V-shaped sweep
with the proposed new asymmetric working body
of a fallow cultivator through field research in the fields
of Donskoy ANC.

METHOD

Experimentation in the fields of Donskoy ANC was
performed by conforming to the interstate standard
GOST-33687-2015 “Machines and tools for surface
tillage.”

Measurements of the cultivation depth are performed
along the path of the rack of the new asymmetric working
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body of the fallow cultivator and the standard V-shaped
sweep, immersing the ruler into the soil until it reaches
the untreated layer. A total of 25 measurements 7,,,,,,
were conducted for each accounting pass for cultivating
the soil with the new working body of the fallow cultivator
and the standard V-shaped sweep. To determine
the movement stability, measurement data (current
depth indicators ai) are processed by a statistical method
to obtain the arithmetic mean depth value a,,, standard
deviation 6,,,,, and coefficient of variation v, as
follows:

ndepzh 2
Z (ai — Ay )
_ i=1
Ga’epth =% 1 >
ndepth -
(o}
_ depth 0
Ve = ; -100%. 1)

av

Ridgeness of the soil field characterizes the average
height of unevenness on the field surface after the soil
tillage with the new working body of a fallow cultivator
in comparison with that of a standard V-shaped sweep.

The height of the unevenness on the field is measured
using a railing and ruler in four places in the forward and
reverse direction of the movement of the working bodies.

After the new working body of the fallow cultivator
and the standard V-shaped sweep have passed along
the working width, a railing is placed on the top of the
unevenness in spots on the field chosen at random.

A ruler is applied perpendicular to the railing
to measure the height of unevenness on the field
surface. A minimum of 10 measurements are performed
at each point.

The quality of soil crumbling (i.e., the presence
of lumps in the treated layer should be less than
25 mm in size) was determined after passing the new
asymmetric working body of the fallow cultivator and
the standard V-shaped sweep along the working width.

The operating width of a standard V-shaped sweep
is less than the size of a pallet (0.5 x 0.5 m), divided
into squares with a 25 x 25 mm area. Therefore, it is
applied to the treated layer to quantitatively determine
lumps exceeding the size of 25 mm; the quality of
soil crumbling obtained by both working bodies was
determined by weight by removing a sample of the
treated soil and weighing individual fractions (Fig. 2).

The quality of soil crumbling was determined
by samples taken at four points with three repetitions
in the forward and reverse direction of the movement
of the working bodies; subsequently, a manual analysis
of fractions was performed in the laboratory to isolate
lumps of sizes larger than 25 mm, followed by their
weighing (Fig. 3).
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Fig. 2. Selection and weighing of lumps larger than 25 cm.
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Puc. 2. OT6op 1 B3BELLMBaAHME KOMKOB, pa3Mep KOTOPbIX MPEBbILLAET 25 cM.

The mass of isolated lumps msy is determined as
a percentage of the total sample mass m.,s,,,, using
the following equation:
My -100%

s,

m =100-

)

<25mm

RESULTS

The results of laboratory field research and processing
of the obtained data are presented in Tables 1 and 2.

The permissible deviation from the specified depth
of tillage with the new working body of the fallow
cultivator and the standard V-shaped sweep is +2 cm.

The obtained data (Table 1 and Table 2) are combined
in Table 3 for a comparative assessment of the stability
of the stroke depth of the new working body of the fallow
cultivator and the standard V-shaped sweep.

Analysis of the obtained data (Table 3) shows that
the new working body of the fallow cultivator meets
the agrotechnical requirements regarding the stability
of the stroke depth throughout the entire speed range,
since the mean-square deviation of this indicator is
+0.71-0.89 cm, which does not exceed the permissible
value (2 cm). The standard V-shaped sweep meets
the agrotechnical requirements regarding the stability
of stroke depth only at movement speeds up to 10.5 km/h
inclusive (mean-square deviation #0.84-2.0 cm);
additionally, at the movement speed of 13.0 km/h,
it does not comply with the agrotechnical requirements
regarding the stability of stroke depth, since the obtained
indicator value (2.1 cm) exceeds the permissible
value (£2 cm). The coefficient of variation of 15.21%
and 23.30% when cultivating the soil with a standard
V-shaped sweep at a movement speed of 10.5 km/h and
13.0 km/h, respectively, indicates an excessive spread
relative to the average depth at a given 8 cm.

This confirms the instability of the stroke depth
of a standard V-shaped sweep when operating in these

DOl https://doiorg/10.17816/0321-4443-568649

Fig. 3 Weighing of the full soil sample.
Puc. 3. B3gewumBanue obuieii npobbl NoyBbl.

modes and the unsuitability of this working body for use
in high-speed tillage equipment.

The uneven depth during the movement of the
working bodies affects the leveling of the field surface
after tillage.

The obtained ridgeness data are presented in Table 4.

After passing the new asymmetrical working body
of the fallow cultivator and the standard V-shaped sweep
over the working width, according to the agrotechnical
requirements for the ridgeness value of the field surface,
the ridgeness value should not exceed 4 cm.

Thus, the new asymmetric working body of the
fallow cultivator meets the agrotechnical requirements
for the ridgeness value of the field surface after tillage
(2.1-2.7 c¢m) and changes insignificantly (by 4%) with
increasing speed.

Simultaneously the greatest ridgeness value
of the field surface (on average 2.5 cm), not exceeding
the permissible level (up to 4 cm), is noted at an average
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Table 1. The results of the study of mation stability of the new asymmetric working body of a fallow cultivator at a tillage depth of 8 cm

Ta6nuua 1. Pe3ynbtathl UcCNe0BaHMA YCTOMYMBOCTM XOLa HOBOMO aCMMMETPUYHO0 paboyero opraHa NapoBoro KyNbTuBaTopa
npu rnybuHe 06paboTky noysbl 8 cM

Indicator value, %
at driving speed, km/h

Indicator
8,0 10,5 13,0
Average depth, cm 90 8,6 8,4
Mean-square deviation of depth, +cm 0,71 0,89 0,89
Depth variation coefficient, % 786 10,40 10,65

Table 2. Results of the study of motion stability of a standard V-shaped sweep at a tillage depth of 8 cm
Tabnuua 2. PesynbTathl UCCie40BaHMS YCTONUYMBOCTU XOAA CTaHAAPTHOM CTPeNbYaToM Nanbl Npu rnybuHe 06paboTku noyskl 8 cM

Indicator value, %
at driving speed, km/h

Indicator
8,0 10,5 13,0
Average depth, cm 8,8 92 90
Mean-square deviation of depth, xcm 0,84 2,0 2,10
Depth variation coefficient, % 955 15,21 23,30

Table 3. The results of comparison of motion stability of a new asymmetric working body of a fallow cultivator and the standard V-shaped
sweep at a tillage depth of 8 cm

Tabnuua 3. PesynbTaThl CpaBHEHMS YCTOAYUBOCTM X0a HOBOFO aCMMMETPUYHOr0 paboyero opraHa NapoBoro KynbTUBaTopa 1 CTaHAapT-
HOM CTpenbyaTom nanbl Npu rnybuHe 06paboTku NouBbl 8 cM

Mean-square deviation

. T
of depth, +cm Depth variation coefficient, %

Working body

New asymmetric working body
of the fallow cultivator 0.71-0,89 796-10,65
Standard V-shaped sweep 0,84-2,10 955-23,30

Table 4. Results of the study of ridgeness of field surface after tillage by working bodies to a depth of 8 cm
Tabnuua 4. PesynbTathl uccnefoBaHMs rpeBHUCTOCTI NOBEPXHOCTH NOAs nocie 06paboTky NouBbI pabounMu opraHamm Ha riybuHy 8 cM

Indicator value, cm, at driving speed, km/h

Working body

8,0 10,5 13,0
New asymmetric working body 2,3 2,2 2,4
of the fallow cultivator 23 24 22
2,6 2,5 2,3
2,1 2,7 2,6
Average 2,3 25 2,4
Standard V-shaped sweep 3,6 3,4 39
3,5 34 4,1
3,5 33 4,3
32 3,6 4,2
Average 35 3,4 4,1
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speed of movement (10.5 km/h); this value subsequently
decreases to 2.4 cm when the movement speed increases
to 13.0 km/h.

The uneven depth of tillage due to the stroke depth
instability of the standard V-shaped sweep at a movement
speed of 13.0 km/h caused increased ridgeness
(3.9-4.2 cm), that does not meet the agrotechnical
requirements for this indicator (up to 4 cm).

At a movement speed of 8.0 km/h and 10.5 km/h,
the ridgeness value obtained after the passing
of a standard V-shaped sweep was 3.2-3.6 cm
and 3.3-3.6 cm, respectively, which is on average

1.4-1.5 times higher than that of the new working body
of a fallow cultivator; however, this does not contradict
the standardized agrotechnical requirements in terms
of leveling the field surface.

The results of the study regarding the quality of soil
crumbling and the background after the soil tillage
with working bodies are presented in Table 5 and
in Fig. 4.

Analysis of the obtained data (Table 5) reveals that
both working bodies fulfill the agrotechnical requirements
for the quality of crumbling of soil at a cultivation depth
of 8 cm, since after passing through the treated soil

Table 5. Results of study of quality of soil crumbling by a new asymmetric working body of a fallow cultivator (depth 8 cm)
Tabnuua 5. PesynbTaTbl McCe[0BaHUs Ka4ecTBa KPOLLEHWs NOYBbI HOBbIM aCMMMETPUYHBIM PabounM opraHoM NMapoBoro KyNbTUBATopa

(rny6uHa 8 cm)

Indicator value
Lumps less than 25 mm in size, %

Working body Actual movement speed, km/h Acceptable according
to agrotechnical
8,0 10,5 13,0 requirements

New asymmetric working body of the 88,9 91,3 93,2
fallow cultivator 893 9.1 925
895 91,8 92,9
88,7 92,0 93,4
Average 891 91,8 93,0

Not less than 80%
Standard V-shaped sweep 86,0 874 85,9
86,8 86,5 85,7
86,7 877 86,6
86,7 87,0
Average 86,6 871 86,3

Fig. 4. Ground after tillage by working bodies: @ — the new asymmetric working body of a fallow cultivator; b —the standard V-shaped

sweep.

Puc. 4. ®oH nocne 06paboTk1 NoyBLI pabounMMmM opraHamMu: @ — HOBbIA aCMMMETPUYHBINA pabouuii opraH NapoBoro KynbTUBatopa; b —

CTaH[apTHaA cTpesib4atas nana.
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layer, approximately 85.7-93.4% of lumps are less than
25 mm in size.

The new asymmetric working body of the fallow
cultivator with an increase in movement speed from
8.0 km/h to 13.0 km/h ensures an increase in the quality
of soil crumbling from 88.7% to 93.4%, respectively.

When a standard V-shaped sweep operates,
the quality of soil crumbling is at the same level as
that obtained by the new asymmetric working body
of the fallow cultivator, with 85.7-87.7% of lumps less
than 25 mm in size in the treated layer.

It is noteworthy that in the most effective operating
mode from the standpoint of increasing productivity
(at a movement speed of 13.0 km/h), the standard
V-shaped sweep provides the worst quality of soil
crumbling (on average 86.3%); in contrast, the new
working body of the fallow cultivator provides the best
quality of soil crumbling (on average 93.0%).

In general, the new asymmetric working body
of the fallow cultivator provides an improvement
of 2.2-7.3% on average in the quality of soil crumbling
in terms of the presence of lumps of sizes less than
25 mm in the treated soil layer as compared to that
of the standard V-shaped sweep.

The improvement in the quality of soil crumbling
by the new working body of the fallow cultivator
is due to the following: with an increase in the
speed of movement, an impact interaction between
the formation and the chisel forms an advanced crack
in the longitudinal direction (Fig. 5), and flat sweep
rippers cut the separated soil mass in the transverse
direction (Fig. 6), resulting in better quality of soil
crumbling.

Simultaneously, the higher the movement speed,
the further the crack front propagates, which is
accompanied by a greater intensity of soil crumbling

Tom 91, N2 1, 2024
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by the new asymmetric working body of the fallow
cultivator.

This is due to the close relationship between
the amount of energy required to crumble the soil
and the energy of the resulting crack, that is directly
proportional to the surface tension of the lump.

The process of soil crumbling is caused by the
presence of trapped air inside the layer, which is released
when the balance of external forces is disturbed from the
support from the untreated massif and from the influence
of the working body. Simultaneously, at a shallow tillage
depth, external forces from the working body acting
on the formation cannot be balanced and turn into
compression, tension, and shear deformations, which
is accompanied by crumbling into separate lumps when
the connection between them is lost.

The soil crumbling by the new asymmetrical working
body of the fallow cultivator is accompanied by an
increase in soil volume, that occurs when deformation
occurs normal to the surfaces of destructive shear
deformations. The increase in soil volume is due
to a looser arrangement of the resulting lumps.

The standard V-shaped sweep does not contain
a chisel; thus, impact interaction with the formation does
not occur when it operates at an increased speed.

Additionally, the soil mass, under the influence
of compression and shear deformations arising due
to the working surface configuration of a standard
V-shaped sweep, is subject to crumbling for some
time, which is determined by the duration of interaction
with the soil, that decreases with the increase in the
movement speed.

Therefore, the higher the speed of the movement
of a standard V-shaped sweep, the less time the
soil is subject to crumbling, which is accompanied
by a decrease in its crumbling quality.

Fig. 5. Formation of a leading crack with a chisel of the new
asymmetric working body of a fallow cultivator.

Puc. 5. OopMupoBaHKe onepexatoLLel TPeLMHBI J010TOM HOBOIO
paboyero opraHa napoBoro KynbTuBatopa.

DOI: https://doiorg/1017816/0321-4443-568649

Fig. 6. Soil crumbling with flat-cut rippers of the new asymmetric
working body of a fallow cultivator.

Puc. 6. KpoweHue noyBbl NIOCKOPE3HLIMU PLIXITUTENSMU HOBOIO
acMMMeTpUYHOro paboyero opraHa NapoBoro KynbTuBaTtopa.
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CONCLUSIONS

The operational process of the new asymmetrical
working body of the fallow cultivator meets
the agrotechnical requirements regarding the stability
of the stroke depth throughout the entire speed range,
since the mean-square deviation of this indicator is +0.71-
0.89 cm, that does not exceed the permissible value (+2 cm).
The standard V-shaped sweep meets the agrotechnical
requirements regarding the stability of stroke depth only
at movement speeds up to 10.5 km/h inclusive (mean-
square deviation +0.84-2.0 cm); additionally, at 13.0 km/h,
it does not comply with the abovementioned agrotechnical
requirements, since the obtained indicator value (+2.1 cm)
exceeds the permissible value (+2 cm).

The coefficients of variation of 15.21% and 23.30%
when cultivating the soil with a standard V-shaped
sweep at movement speeds of 10.5 km/h and 13.0 km/h,
respectively, indicates an excessive spread relative
to the average depth value at given 8 cm. The latter
circumstance confirms the instability of the stroke depth
of the standard V-shaped sweep when operating in these
modes and the unsuitability of this working body for high-
speed tillage equipment.

The uneven depth of tillage due to the instability
of the stroke depth of the standard V-shaped sweep
at a movement speed of 13.0 km/h caused an increase
in the ridgeness value (3.9-4.2 cm), that does not
meet the agrotechnical requirements for this indicator
(up to 4 cm). At speeds of 8.0 km/h and 10.5 km/h,
the ridgeness value obtained after the passing
of the standard V-shaped sweep was 3.2-3.6 ¢cm and
3.3-3.6 cm, respectively, which is on average 1.4-
1.5 times higher than that obtained by the new working
body of a fallow cultivator; however, these values do not
contradict agrotechnical requirements in terms of leveling
the field surface.

The new asymmetric working body of the fallow
cultivator, with an increase in the movement speed from
8.0 km/h to 13.0 km/h, ensures an increase in the quality
of soil crumbling from 88.7% to 93.4%, respectively.
When the standard V-shaped sweep operates, the quality
of soil crumbling is at the same level, with 85.7-87.7%
of lumps with sizes less than 25 mm in the treated layer.
From the standpoint of increasing productivity, in the most
effective operating mode (at a speed of 13.0 km/h),
the standard V-shaped sweep provides the worst
quality of soil crumbling (86.3% on average); on the
contrary, the new asymmetric working body of the fallow
cultivator provides the best quality of soil crumbling
(on average 93.0%). Thus, the new asymmetrical working
body of the fallow cultivator provides an improvement
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in the quality of soil crumbling by 2.2-7.3% on average
in terms of the presence of lumps of sizes less than
25 mm in the treated soil layer as compared to that
obtained by the standard V-shaped sweep.
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