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Improving the operational and quality characteristics of soil tillage working bodies is an important
factor in ensuring high yields and rational use of energy resources. It is known that insufficiently high-quality
soil tillage can reduce yields by 15-30%. At the same time, the efficiency of soil tillage machines is reduced
due to the rapid wear of their working bodies. Thus, the level of wear of the latter directly affects the
productivity of the units.

To determine the permissible level of wear of arrow-shaped cultivator tines, which can be expressed
in the area worked or the distance traveled, it is necessary to take into account the degree of wear of the
blades, which affects the main indicators of their work. The availability of such data allows us to substantiate
the optimal service interval for arrow-shaped cultivator tines, that is, the period of their most effective use,
which emphasizes the relevance of the conducted research.

According to the results of experimental studies, it was found that with an increase in the radius of the
edge of the blade of the paw r from 0,1 to 0,5 mm at the speeds of movement of the arrow-shaped cultivator paw
6, 8 and 10 km/h, the specific resistance increases by 11,98%, 12,00% and 12,02%, respectively, and the increase
in resistance is 0,185; 0,256 and 0,375 kN/m, respectively. The intensity of the increase in resistance with an
increase in speed from 6 km/h to 8 km/h is 36-38%, and in the range from 8 km/h to 10 km/h — 47-49%.

To ensure the set depth of cultivation in accordance with agrotechnical requirements, it is necessary
to check the depth of cultivation and adjust it every 75 km of the path traveled by the arrow-shaped cultivator
tine or 9,36 hours of clean operation of the TIGER MATE 2-12 unit. The uniformity of the depth of the path
remains within the permissible values (v=37,5%) with a radius of the edge of the tine blade up to 0,5 mm. A
satisfactory level of root system undercutting (94-96 %) is observed with a blade radius of 0,3-0,4 mm,
provided that the recommended speed of movement of the unit is not less than 8 km/h.

Key words: cultivator, pointed cultivator paw, blade edge, operation, quality indicators, soil
cultivation.

Eq. 5. Fig. 6. Table. 3. Ref. 13.

1. Problem formulation

One of the most important problems associated with the operation of agricultural machinery is the
rapid wear and limited resource of replaceable working bodies, tillage, sowing machines and tools. Agricultural
enterprises annually spend money on the purchase of cultivator paws and their replacement. Despite the use of
high-carbon (0,4 ... 0,7% C) and manganese steels of grades 50, 60G, 65G, 70G for their manufacture, their
wear resistance does not satisfy operators, especially on sandy, sandy soils, heavy loams.

If the cutting edges become blunt, the agrotechnical requirements for soil cultivation are violated
(cultivation depth, weed cutting, etc.), and the yield of the crops being grown is reduced.

Premature wear of the working parts of cultivator units leads to the following negative consequences:
thickening of the cutting blades leads to deterioration of weed cutting; reduction of the width of the paws
affects the decrease in the productivity of the unit; wear of the edge of the blade of the cultivator paw leads to
its pushing out of the soil and, as a result, to violation of the agrotechnical requirements imposed on the
agrotechnological operation of soil cultivation.
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Another problem that we propose for discussion in this publication is that the intensification of
agricultural production processes requires increased requirements for materials, first of all, they must be
durable and have high wear resistance.

The amount of abrasive wear of the paw in thickness can be represented as a function of the following factors [1]:

l, = f(p.LLH,,1,5), @)

where p —normal specific dynamic soil pressure; L — friction path; H ., —hardness of the paw material;
T — abrasive wear indicator; S — friction area.

The intensity of wear of agricultural machinery parts depends on the mechanical composition of the
soil. Namely, on soil moisture: in particular, on loamy black soil with a moisture content of up to 10%, the
blades of the arrow-shaped tine blades of cultivators wear out approximately 7-8 times faster than at a humidity
of 25-26%.

As the speed of the cultivator increases, the sliding inside the soil layers decreases, while the sliding
speed of abrasive soil particles on the surfaces of the wing blades increases, as a result, the intensity of abrasive
wear increases.

At low speeds, the soil does not slide on the surfaces of the working body that are worn out, but is
subjected to very significant deformations; the intensity of abrasive wear is the lowest.

The wear of the blades of the arrow-shaped tine blades of the cultivator occurs under conditions of
dynamic and static penetration of abrasive particles into the metal. The intensity of abrasive wear is influenced
by the degree of fixation of abrasive particles in the soil mass.

In addition, our research can be integrated into the general strategy of harmonious development of
agriculture in Ukraine, aimed at increasing the environmental friendliness of agricultural products [2, 3].

2. Analysis of recent research and publications

Thorough theoretical and experimental studies have shown that soil is a very complex system with a
corresponding composition of mineral elements (solid phase), internal atmosphere (gaseous phase) and a
peculiar water regime (liquid phase) [3, 4]. Different combinations of these phases in the soil give different
physical and mechanical characteristics, which are correlated with each other and almost all are determined by
the mechanical composition.

In the works of O.V. Kozachenko, O.M. Shkregal, V.S. Kadenko, the issue of the significant influence
of soil hardness on the intensity of wear of soil-tillage working bodies was investigated. It was established that
the type of soil being cultivated significantly affects the amount of wear of cultivator tines. Depending on the
type of soil, it was recorded that the pressure on the tip of the cultivator tines is 0,016...0,132 kg/cm?; on the
middle part of the blade —0,014...0,122 kg/cm?; on the heel of the paw — 0.017...0.130 kg/cm? [4].

Thus, the most favorable conditions for the operation of any tillage implements will be when the soil
is in a state of maturity.

From the results of the analysis of the studies of Rybalko I. M., Tikhonov O. V., Zakharov A. V. [1]
it was established that with increasing depth of tillage, the intensity of wear of working bodies increases due
to an increase in the specific load. But it is worth noting that in the studies of other scientists it was proven that
it is not the depth of tillage that affects the intensity of wear, but the hardness of the soil, which is greater in
its lower layers [5, 6].

In our opinion, there is no functional dependence between the specific resistance and the depth of
tillage. The type of this dependence is determined by the physical state of the soil and its hardness along the
horizons of the arable layer. With increasing soil cultivation depth, provided that the lower layers are
compacted, the wear intensity also increases due to an increase in the specific load, which is one of the main
reasons for certain shortcomings in the operation of such machines.

3. The purpose of the article

There is a justification for the change in the energy and quality indicators of the work of the arrow-
shaped cultivator paws with different operation of their blade edges.

Research objectives:

— to conduct research on the influence of the size of the worked edge of the tine blade on the depth
and uniformity of soil cultivation on the experimental setup we developed:;

— to provide practical recommendations on the optimal operating time between regular maintenance
of the tine blades of the TIGER MATE 2-12 cultivator and to perform a feasibility study of the research results.
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4. Results and discussion
Experimental studies aimed at identifying patterns of changes in the energy and quality indicators of
the work of the arrow-shaped cultivator paws with different wear of their blade edges were carried out on the
installation developed by us in Fig. 1 [7, 8]. The main emphasis is placed on the degree of grain damage by
mechanical destruction depending on the speed of transportation.

Fig. 1. Installation for modeling the movement of working bodies of soil tillage machines [7]

The methodology for studying the nature and magnitude of wear of cultivator tines depending on the
operating time is that the change in geometric parameters is taken as an indicator of the degree of wear of the
tines blades. It is quantitatively expressed by the radius of the blade edge. r and the height of the back chamfer
h (Fig. 2).

Fig. 2. Paw profile with characteristic wear and parameters by which the degree of wear is estimated:
r — radius of the circle inscribed in the profile of the paw blade edge; h — height of the back chamfer;
es— back chamfer angle

The conditions for conducting experimental studies are determined in accordance with the described
methodology, using such devices and equipment as: Revyakina Yu.Yu. hardness tester, equipment for
determining soil moisture (metal cups, drying cabinet, electronic scales), and a 50-meter-long tape measure.

The study was conducted with a separate set of universal arrow-shaped claws with a gripping width
of 0,26 m. The study was conducted at a speed of 8 km/h.

Each stand with a cultivator paw is set to the same depth of cultivation (0,10 m). The working time
per one paw of the cultivator is 0,337 ha, 1,01 ha, 1,68 ha, 3,04 ha, respectively. After reaching the set working
time of the paw, we take measurements.

To determine the size and nature of the paw blades, a special device has been developed that allows
you to obtain plaster casts of the blade profile (Fig. 3). Plaster casts are taken from all paws that have worked
out their specified working hours. They are then cut in a plane perpendicular to the one forming the blade.
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Fig. 3. Device for removing plaster casts of cultivator blade blades.

Each footprint profile sample is scanned at ten times magnification to increase the accuracy of
determining the activation parameters. Footprints of paw sets are taken every 0,337, 1,01, 1,68, 3,04 hectares
of operation.

The degree of activation is estimated by the radius of the inscribed circle r into the edge of the paw
blade, the height of the back chamfer h and the angle of inclination of the back chamfer es.

Regarding the processing of the obtained values, methods and techniques of statistical processing of
experimental data, comparison methods [9] were used.

The conditions for conducting the study are given in Table 1 [10, 11].

Table 1
Soil moisture, hardness and density in the arable layer horizons
Ne Average hardness values ¢, Pa, density c., g/lcm® and humidity W, %
c C- W c c- W c C- W

1 6,3 1,11 28,0 8,7 1,31 28,9 20,7 1,34 31,2

2 4,5 1,05 28,3 9,8 1,26 28,6 15,0 1,36 31,9

3 52 1,08 27,8 11,4 1,28 29,2 16,8 1,32 31,2
Average 5,3 1,08 28,1 9,96 1,28 28,9 17,5 1,34 31,8

The soil type is medium-loamy black soil, the soil structure is fine-grained. Fig. 4 shows a photo of
the paw blades according to the test results.

c

Fig. 4. Image of the claw blades:
a —working time 1.01 ha (set M2 1); b — working time 1.68 ha (set M2 2); ¢ — working time 3.04 ha (set A2 3)

Table 2 presents the results of field studies of blunting of the cutting edge of cultivator blade blades
with increasing operating time.
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Table 2

Statistical characteristics of the change in the radius of the cutting edge of the blades depending
on the operating time (distance traveled)

Area worked by one paw (H=0.26m), ha
Indicators 0,337 1,01 1,68 3,04
Distance traveled L, km
50,0 125,0 200,0 275,0
Arithmetic mean radius r of the paw blades, cm 0,0096 0,0205 0,0306 0,0504
Standard deviation, mm 0,012 0,019 0,046 0,108
Coefficient of variation, % 5,88 6,58 7,58 9,76

It has been established that the dependence of the radius of the paw blades r on the operating time U

(the distance traveled L) is nonlinear (Fig. 5) and is approximated by the dependencies:
r =0,0041+0,0166U —0,0004U?; r =0,0067 +5E -05L +4E -07L?.
Fig. 5 graphically depicts the dependence of the paw blade operation r on the operating time U (L).
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Fig. 4. Graph of dependence: a — radius of the operated blade r on the operating time U;
b — radius of the operated blade r on the traveled distance L

The conditions for conducting laboratory experimental studies of the influence of the degree of wear
of the tine blades on traction resistance were characterized by the following indicators: the condition of the
soil on which the research was conducted, soil conditions (humidity, density, hardness) [10-12].

The most adequate pattern of increasing resistivity from the blade radius is described by a second-
order polynomial:

k. =2,604+0,974V +0,156r +0,982V* + 0,487V -r +0,146r> (3)
For economic calculations, it is advisable to use the dependence of the specific resistance on the
distance traveled by the cultivator paw in kilometers. Since each value of the blade radius corresponds to a
certain operating time, the mathematical models will be similar, but with different coefficients. After replacing
the values of the blade radius with the corresponding distances of the cultivator paw passage, the results of the
research will look like this: the mathematical dependence of the specific resistance on the distance traveled L
is given in the form of a multidimensional second-order polynomial:
k_=2,628—0,541V +0,00154L +0,0585V* +0,0005V - L —0,000021L*
After eliminating insignificant values, the regression equation will be written as follows:
k,_=2,692-0,547V +0,0585V* +0,00061V - L —0,000017L° ©)
The results of the conducted studies show that with increasing operating time and speed of movement
of the cultivator paw, the specific resistance increases (Fig. 5 and 6). It should be noted that the intensity of
the increase in resistance with increasing blade radius r (traveled path L) at speeds within 6-10 km/h does not
significantly depend on the speed of movement of the paws. With an increase in the radius of the operated
blade from 0,1 to 0,5 mm in the speed range of 6-10 km/h, the specific resistance increases in the range from
11,98 to 12,02%.

(4)
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Fig. 5. Graph of dependence: a) specific resistance k of cultivator tines on the traveled path L;
b) specific resistance k of cultivator tines on the blade radius r

But the absolute values of the increase in specific resistance with increasing wear vary significantly.
As can be seen from Figure 5, the increase in specific resistance k of the cultivator tines is 0,185; 0,256 and
0,375 kN/m, respectively, for speeds of 6, 8 and 10 km/h.

k, kN/m 5.0 SKIRLTS
L
LR
Joeeaensy

4902}430.0’0 L)

4.0

T, mm 0

Fig. 6. Response surface of the influence of the speed of movement V of the unit and the radius of
the paw blade r on the resistivity k

In order to assess the reliability of the obtained dependencies 4 and 5, we will compare the theoretical
values of the increase in resistance to the operated blade with the experimental ones. For this, we will assume
the initial radius of the blade edge of the paw r=0,1 mm. And the resistance due to the increase in the radius
will correspond to the difference between its values at a given blade radius and the initial one. The increases
in specific resistance calculated in this way are given in Table. 3.

Table 3
Increase in the specific resistance of cultivator tines with increasing blade radius according to
experimental data

Blade blunting radius r, | Specific resistance k (kN/m) at travel | Increase in specific resistance (kN/m)
mm speeds V (km/h) at travel speeds V (km/h)
6 8 10 6 8 10
0,1 1,543 2,130 3,131 0 0 0
0,3 1,673 2,280 3,416 0,130 0,150 0,285
0,5 1,728 2,386 3,506 0,185 0,256 0,375
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From the data presented in the table, it is clear that the increase in resistance with increasing blade
radius significantly depends on the speed of movement. It is quite difficult to analytically take into account the
effect of speed of movement on the soil resistance of the blade, therefore it is impossible to assess the accuracy
of the correspondence between theoretical and experimental results.

Comparison of theoretical and experimental results allows us to identify the reliability of the nature of
the influence of individual indicators on the initial parameter. For example, in the case when the blade profile
is reduced to the working planes of two triangular wedges, the probable specific resistance due to the upper
chamfer is about 50 N/m, and the lower one is 100 N/m, i.e. their sum is 150 N/m. The obtained value of the
specific resistance is less than the experimentally obtained value at r=0.5 mm (for speeds of 6, 8 and 10 km/h),
the resistance (increase in resistance with an increase in r from 0,1 to 0,5 mm) is 185, 256 and 375 N/m,
respectively.

The difference between the experimental and theoretical values of resistance can be partially explained
by the influence of the increase in the speed of movement.

From the above analysis, it can be concluded that it is impossible to theoretically determine the
resistance of the blade with sufficient accuracy for practical use. The obtained equations can only be used to
establish the influence on the resistance of individual parameters of the blade and the operating modes of the
units.

The cultivator paws throughout the entire period of operation must provide high-quality soil cultivation
with minimal energy consumption. However, as a result of wear and dulling, the working parameters of the
blades change, which leads to a deterioration in their performance in the technological process of field
cultivation. Therefore, the question arises of determining the limit parameters of blade wear, after which further
operation of the blades becomes ineffective and inappropriate, and it is proposed to carry out regular
maintenance [13].

The main qualitative indicators of the work of the tines are the depth of cultivation, the uniformity of
the depth of the course and the degree of cutting the roots of weeds.

Depth of cultivation. It is not a limiting parameter of the working life of the tines to failure, since the
design of the cultivator can compensate for the decrease in the depth of cultivation by appropriate adjustment.
Thus, this indicator does not limit the amount of permissible wear.

Since the current agrotechnical requirements are designed for modern cultivators, we can assume a
satisfactory indicator of cutting the roots of weeds of 94-96%. Taking into account the results of theoretical
calculations and experimental research data, the maximum permissible value of the blade radius is r=0.4 mm,
while the indicator of cutting the roots of weeds is not less than 96%.

5. Conclusion

According to the results of the conducted studies of the operating conditions and modes, types and
causes of failures of the TIGER MATE 2-12 cultivator and cultivator tines in particular during their operation,
it was established that the main cause of failures is the rapid dulling of the edge of the tines blades. Due to the
diversity and specificity of the operating conditions of the cultivator tines, a scientifically substantiated
permissible value of dulling of the tines blades has not been established. The analysis of existing studies has
shown the prospects of solving the multi-criteria problem associated with determining the optimal permissible
value of dulling of the tines blade edge by taking into account the qualitative and energy indicators of their
operation.

When the radius of the edge of the blade of the paws r increases from 0,1 to 0,5 mm at the speeds of
the cultivator paw movement of 6, 8 and 10 km/h, the specific resistance increases by 11,98, 12 and 12,02%,
respectively, and the increase in resistance is 0,185; 0,256 and 0,375 kN/m, respectively. The intensity of the
increase in resistance with an increase in speed from 6 km/h to 8 km/h is within 36-38%, and in the range from
8 km/h to 10 km/h - 47-49%.

Adhere to the limit values of wear to the permissible blade radius of 0,3-0,4 mm, which corresponds to an
operating time of 190-211 km in the traveled path or 347,7-386,1 hectares per paw with a working width of 0,26 m.

To maintain the established depth of cultivation within the agrotechnical requirements, it is necessary
to check the depth of cultivation every 75 km of the path traveled by the hoe, or 9.36 hours of pure cultivator
operation; the uniformity of the depth of the path is maintained at an acceptable level (vV=37,5%) with a radius
of the edge of the hoe blade up to 0.5 mm; an acceptable degree of root undercutting (94-96%) is observed
with a blade radius of 0,3-0,4 mm, while the recommended speed should be at least 8 km/h.

It is recommended that for the accepted soil conditions and the cost of fuel and maintenance work, the
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optimal operating time between regular maintenance is 190...211 km of the path traveled by the

TIGER MATE 2-12 cultivator, or 347,7-386,1 hectares of cultivated area, or approximately 23,75...26,37
hours of pure work, which corresponds to the radius of the edge of the used tine blades of 0,34-0,37 mm.
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3Hapsos. 1liosuwenns kyromypu 3emiepodbcmea micHO NO8 S3aHO I3 AKICMI) GUKOHAHHA MEXHON02IYHO20
npoyecy 06pobimky pyumy. Iliosuwenns excniyamayiinux ma AKICHUX — NOKA3HUKIE  pobomu
IDYHMOOOPOOHUX pobOUUX Opeanié € 3aNOPYKA OMPUMAHHS GUCOKUX 8pOdCaie ma 30epedicents
eHepeopecypcis.

B Vkpaini matice 70 % mepumopii 3Haxooumvcsa nio CilbCbKO20CNO0apCoKuUMu yeiooamu, o
cmanosums O1u3bko 42 Man eexmapie, 3 axux 33 man ea — ye opui 3emai. Bioomo, wo nesxicnuii 0opobimox
IpYHmY 3Mmenwye epodicaunicms 6i0 15 0o 30 %. Axicms pobomu mawun 01 00poOImMKy IpyHmy
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NO2IPWYEMbCST 6HACTIOOK WBUOKO20 Cnpaylosanns ix pobouux opeanis. Taxum uuHoOM, 6i0 GeAUUUHU
CIPaylo8ants OCMAaHKIX 3anedxcamume eqheKmugHicms pobomu azpezamis.

Jna eusnauenns 0onycmumoz20 CnpaylO8aHHs, SIKe MOJCHA eupazumu 00podieHolo niower abo
NPOUOEHUM WLTIAXOM, HeOOXIOHO 3HAMU, SIK 6NIUGAE CMYNIHbL CAPAYIOBAHHA HA OCHOGHI NOKAZHUKU pobomu
nan. Haaeunicms maxoi ingpopmayii 003601ums 00TpyHmyeamu OnmuMAaibHull HapoOimoK Midc MexXHIYHUMU
00C1Y208Y8AHHAMU KYTbIMUBAOPA, MOOMO NEPiod HANDIIbU eEKMUBHO20 BUKOPUCAHHS KYIbIMUBATNOPHUX
aanu, wo i niomeepoANCye aKmyarbHICMb 00CTI0NCEHD.

3a ompumanumu pezyrbmamamu eKCNEPUMEHMATLHUX QOCTIONCEHb 6CMAHOBIEHO, WO NPU 30LTbUEHH]
paodiyca kpaiiku ae3a nan r 6i0 0,1 0o 0,5 mm Ha weuokocmsax pyxy KyiemusamopHoi ranu 6, 8 i 10 xm/200
numomuii onip 3pocmac 8ionosiono na 11,98, 12 i 12,02 %, a npupicm onopy cmanosums 6ionosiono 0,185,
0,256 i 0,375 kH/m. Iumencusnicmos npupocmy onopy npu 30inbiuenti umeuokocmi 6io 6 km/2o0 00 8 km/200
sHaxooumsca y medxcax 36-38 %, a y medxcax 6i0 8 km/200 0o 10 km/200 — 47-49 %. [lna oompumanns
6CMAHOBNEHOI 2TUOUHU 0OPOOIMKY 8 MEINCAX AZPOMEXHIUHUX UMO2 HEOOXIOHO uepe3 KONCHI 75 KM NpotioeH020
waxy aanor, abo 9,36 eoounu wucmoi pobomu xynemusamopa TIGER MATE 2-12 nepegipsmu eaubury
00po6ImKy, pisHomipricms 2nubunu x00y 36epicacmobcs Ha oonycmumomy pieni (V=37,5%) npu padiyci kpatixu
ne3za nanu 00 0,5 mm; nputinsamuui cmynins niopizanua kopenie (94-96%) cnocmepicacmocs npu padiyci ne3a
0,3-0,4 mm, npu ypomy pexomeHO08aHa WUOKICMb Mae Oymu He MeHute 8 KM/200.

Knwuogi cnosa: xyrvmugamop, cmpirdacma 1ana KyIbmMueamopa, Kpauka je3d, CHpayioeanis,
AKICHI NOKA3HUKY, KYIbIMUBAYIS IPYHMY .
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