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Tillage machines rank high in the structure of the machine and tractor fleet of modern agricultural enterprises. Loss of
their working condition during field work can significantly affect crop yields. Element that predominantly limits the durability
of the tillage machines is the operational unit. Solution of such a problem as increasing the durability and wear resistance of
the tillage machines operational units cannot be based on the use of one of the existing methods (technological, structural
and operational), but must be based on a systematic approach using the full range of available methods. It is necessary
to consider all significant factors that affect the durability and wear resistance of the operational units, in the process of
implementation of the system approach. It was found that the application of a wear-resistant coating makes it possible to
increase the durability of the tillage machines operational units: for hardened disc operational units, when used on sandy
loam soils, the durability increases by 1.28-1.41 times, on loamy soils — by 1.11-1.24 times, and on clay soils — by 1.07-1.18
times; for reinforced center hoes, when used on sandy loam soils, the durability increases by 1.41-1.53 times, on loamy
soils — by 1.48 times and on clay soils — by 1.39-1.44 times; for reinforced plowshares, when used on sandy loam soils, the
durability increases by 1.82-2.13 times, on loamy soils — by 1.5-1.85 times and on clay soils — by 1.34-1.52 times. Thus, the
application of a wear-resistant coating to the tillage machines operational units is more effective on soils with higher wear
capacity (sandy loam and sandy loam). Regularities of the influence of soil and climatic conditions, operating modes, and
storage methods on the durability and wear resistance of the tillage machines operational units are revealed. A scientifically
based system for the operation of the tillage machines operational units was developed on the basis of experimental data and
theoretical research. Basic principles of increasing the durability of the tillage machines operational units by an integrated
approach to adapting their wear resistance, considering soil and climatic conditions and operating modes, are formulated.
This allow increasing the durability of the tillage machines operational units by 1.84-2.51 times, depending on the type of
operational units and soil and climatic conditions.
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Introduction. In developed countries, losses caused
only by the effects of abrasive wear range from 1 to 4%
of the gross national product (Tylczak, 1992). In the agro-
industrial complex the most abrasive wear and tear are the
tillage machines operational units interacting with the soil
environment.

Tillage machines rank high in the structure of the machine
and tractor fleet of modern agricultural enterprises. Loss of
their working condition during field work can significantly

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

affect crop yields. Element that predominantly limits the
durability of the tillage machines is the operational unit.
There is a wide variety of types and types of operational
units, which are classified according to many features
(geometric shape, tillage depth, soil impact, presence or
absence of a drive, etc. (Sysolin et al., 2001, Morris et al.,
2010, Hevko et al., 2005, Salo et al., 2016, Tesliuk et al.,
2016, Borak, 2021). When studying the process of wear
of the tillage machines operational units and searching for
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ways to increase their durability and wear resistance, it is
advisable to divide them into the following types: plowshare
and disk. It is worth noting that the wear process of active
operational units differs significantly from that of inactive
operational units. Therefore, it is necessary to devote a
separate research to finding ways to increase the durability
and wear resistance of active operational units. This paper
focuses on three tillage machines operational units (two
of them are plowshares and one is a disc): a plowshare, a
center hoe, and a cutout disc (Fig. 1).

The ratio between the geometric parameters of
the operational units determines their type and field of
application. The main geometric parameters of plowshare
operational units, not shown in Fig. 1, should also include
the thickness and angle of sharpening (Fig. 2).

During the technological operation of tillage, due to
abrasive wear, the operational units change their geometric
parameters (Fig. 3), which leads to a deterioration in the
quality of the technological operation and an increase in the
traction resistance of the machine.

In addition to the geometric parameters, the physical and
mechanical properties of the material of the tillage machines
operational units change during wear.

Over the past 50-60 years, the load on the operational
units of tillage and sowing machines has increased by
about 4 times (due to the increase in their speed and soil
compaction by heavy agricultural machinery) (Borak, 2021).
All this leads to a constant increase in the wear rate of
operational units and a decrease in their reliability, which is
why the issue of solving the scientific and practical problem

Gl

Fig. 1. General view and main geometric parameters of the tillage machines operational units (Sysolin et al., 2001,
Morris et al., 2010, Hevko et al., 2005, Salo et al., 2016, Tesliuk et al., 2016, Borak, 2021, Bobrytskyi, 2007) used in
the research: a) — cutout disc; b) — center hoe; c) — plowshare; R - outer disc diameter; R - inner disc diameter;
K - groove width; F — tooth width; H — groove depth; s — disc thickness; i — angle of sharpening; j — angle that
defines the relationship between the disk diameter and the radius of curvature; R - radius of disc curvature;
o — the angle of raising the hoe shin; ¢ - the angle of the soil pulverization; 2y - the angle between blades;
b, b,—wing width; B — working width of the hoe; | — plow-point length; N — plowshare length; H — width of the
leading edge; H, — width of the blade part; -, — edge width on the furrow side; &' plow-point inclination angle;
¢" —inclination angle of the edge from the furrow side; T - blade length

al

Fig. 2. Scheme of sharpening methods: a), b), ¢) — two-sided, upper and lower sharpening, respectively;
S-thickness of the operational units
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Fig. 3. Changing the shape of the plowshare during tillage operations: H, H,, H,, S, i, h — geometric parameters of
the new plowshare, H', H,', H, ', §', i' - geometric parameters of the worn plowshare

of increasing the durability and wear resistance of the tillage
machines operational units is acute.

Increasing the durability and wear resistance of the
tillage machines operational units is possible only with a
comprehensive understanding of the process of their wear.
During the operation of tillage machines, the operational units
are exposed to wear rate in an aggressive abrasive mass
(sail), and, as a result, mechanical, physical and chemical
processes take place simultaneously in the contact zone.
The ratio between the rate of these processes determines
the mechanism and nature of abrasive wear.

Increasing the durability and wear resistance of the
tillage machines operational units is one of the main tasks
of modern mechanical engineering and enterprises involved
in their operation. The urgency of this problem is not only
due to the need to reduce material consumption, but also to
reduce maintenance costs and reduce equipment downtime
due to the need to replace worn-out operational units.

The urgency of this problem is not only due to the
need to reduce material consumption, but also to reduce
maintenance costs and reduce equipment downtime
due to the need to replace worn-out operational units.
N. K. Myshkin study emphasizes that the knowledge
gained over 50 years in the field of tribology is implemented
in industry in the following ratio: 80% design and 20%
operation (Borak, 2021). Author refers to a report by
P. Jost at a conference in London in 2016, where design
is understood as the use of structural and technological
methods to increase wear resistance (Borak, 2021).
With regard to this distribution for the tillage machines
operational units, the role of operational methods will
be even less. The solution of such a complex problem
as increasing the durability and wear resistance of the
tillage machines operational units cannot be based on the
use of one of the methods (technological, structural and
operational), but must be based on a systematic approach
using the full range of available methods.

Itis necessary to consider all significant factors that affect
the durability and wear resistance of the operational units,
in the process of implementation of the system approach.

Two types of the tillage machines operational units were
used in the work for research:

a) disc (cutout and solid disc operational unit);

b) plowshares (center hoes and plowshare).
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Materials and methods of research. Operational
researches of the influence of soil moisture on the wear rate
of the tillage machines operational units were performed in
agricultural enterprises of the Zhytomyr and Vinnytsia regions
during 2016-2018. The average speed of the disk tillage
machine was 12 km/h, plow — 10 km/h, cultivator — 11,5 km/h.

Soil moisture content was determined by drying to a
constant mass as per DSTU B V.2.1-17:2009.

Research was performed on agricultural machines
presented in Table 1.

In all cases, the fields were in post-harvest condition
(winter wheat and barley). The speed of the plow varied
between 10 and 13 km/h, the cultivator and disk unit — 11
and 15 km/h. To identify the nature of the change in abrasive
wear, the change in the linear dimensions of the constituent
parts of the tillage machines operational units was monitored.
Change in weight and linear dimensions was determined
after 10 hectares of production per center hoe, 30 hectares
per disk and 5 hectares per plowshare.

Research of the effect of the speed of tillage machines
on the wear rate of the operational units was performed as
per the current state and industry standards in the conditions
of agricultural enterprises of Zhytomyr and Vinnytsia regions
on tillage machines presented in Table 2.

The mass wear of the operational units was determined
on the laboratory scales CP 34001 S by Sartorius (Germany).

To find out the effect of the geometric shape and
chemical composition of the wear-resistant layer on the
wear resistance and durability of operational units, three
types of the tillage machines operational units were used:

a) spherical cut-out disk operational unit;

b) plowshare;

¢) center hoe of the cultivator.

It is necessary to consider all the essential factors that
affect the durability and wear resistance of operational units,
when implementing a systematic approach.

Works of A. V. Balabukha and H. Wenhua argue that
the geometric shape of the wear-resistant coating is crucial
for increasing the wear resistance of the tillage machines
operational units. To determine the effect of the geometric
shape of the wear-resistant coating on the surface of disk
operational units, various technological options were
proposed (Fig. 4). Wear-resistant coating was applied to the
disc operational units made of 65I steel.
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Table 1

Operational units used in the research process

Tillage machine Soil type Operational unit Material of the operational unit
Sandy loam Steel 28MnB5
. : ee n
John Deere 2210 cultivator Medium loam Center hoe Steel 651"
Light clay
Sandy loam Steel 65
; ee
MH-3-35 Medium loam Plowshare Steel Hardox 500
Light clay
Sandy loam Disk operational unit of Steel 28MnB5
_ ; isk operational unit o €e n
YOA-4.5 Medium loam the matricary type Steel 65
Light clay

Table 2

Operational units used in the research process

Tillage machine Soil type Operational unit Material cx;:ﬁrzgiﬂfﬁﬁmtﬂzr applied
Sandy loam 28MnB5
Medium loam eor
John Deere 2210 cultivator Center hoe 65IM+T-620
. 65M+T-590
Light clay 65r+M-Fe 6
65l
Sandy loam 65IM+T-620
65IM+T-590
rH3-35 Medium loam Plowshare 657 +M-Fe 6
. Hardox 500
Light clay 153
Sandy loam 28MnB5
Disk tional unit of oot
} . isk operational unit o 3
YOA-4.5 Medium loam the matricary type 65I+T-620
65M+T-590
Light clay 65I+M-Fe 6

Fig. 4. Options for applying a wear-resistant coating to disc operational units

Operational units were strengthened with three types
of electrodes T-620, T-590, and M-Fe 6, the chemical
composition of which is presented in Table 3.

Research of the wear characteristics of the plowshare tillage
machines operational units was conducted on three types of
soils during 2015-2018 in agricultural enterprises of Zhytomyr
and Vinnytsia regions. Tillage machines and operational units
used in the research are presented in Table 4.

Research included series-produced plowshares made
of J153 and Nardox 500 steel and center hoes made of

28MnB55 steel (Fig. 5, Fig. 6). Tests were performed without
changing the physical and mechanical properties provided
by the manufacturers. Operational units, made of 65
steel, were subjected to bulk hardening at a temperature
of 810...830 °C and medium tempering with very precise
holding at a temperature of 460...480 °C.

Results and discussion. Disc tillage machines are
becoming increasingly common in the Ukrainian agricultural
sector. In turn, this is due to the need to minimize the
impact on the soil, as it not only reduces the economic
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Table 3

Chemical composition of the wear-resistant layer on the surface of the tillage machines operational units

. Electrode type
Chemical element T-620 1590 M-Fe 6
Mn 1..15 1..1.5 <3.0
Si 2.25 2..25 -
C 29..35 29..35 <25
P <0.04 <0.04 <0.04
S <0.035 <0.035 <0.04
Cr 22..24 22..27 <10
Ti 0.5..1.5 - -
B 0.5..1.5 05..1.5 -
Mo - - <3.0
Nb - - <10

Table 4

Operational units used in the research process

Tillage machine

Soil type

Operational unit

Material of the operational unit + applied wear-
resistant material

John Deere 2210 cultivator

Sandy loam

Center hoe

Medium loam

28MnB5

65l

65IM+T-620

65IM+T-590

65I+M-Fe 6

MnH-3-35

Sandy loam

Medium loam

Plowshare

Light clay

65l

65 +T-620

65+T-590

65I'+M-Fe 6

Hardox 500

J153

Plow “Kverneland”

Sandy loam

Plowshare (with replaceable
chisel)

65l

Hardox 500

Plow “Diamant 11”
manufactured by Lemken

KMNC-9 PM Cultivator

Light clay

Plowshare (with replaceable
chisel)

65l

Hardox 500

Center hoe

28MnB5

65l

65M+T-620

65M+T-590

65I'+M-Fe 6

B

Fig. 5. General view of the plows used during the research: a - plow “Diamant 11” by Lemken,

b - plow “Kverneland”
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Fig. 6. Plowshares for the MNJ1H-3-35 plow: a -

B)

experimental plowshare for sandy loam soils;

b - series-produced plowshare

costs of growing crops, but also has a positive impact on
the environment (reduced impact on the soil from energy
vehicles and reduced soil erosion).

Increasing the durability and wear resistance of disk
tillage machines operational units has been studied by many
researchers (Sysolin etal., 2001, Morris et al., 2010, Hevko et
al., 2005, Salo et al., 2016, Tesliuk et al., 2016, Borak, 2021,
Bobrytskyi, 2007, Aulin & Tykhyi, 2017). The vast majority of
works are devoted to technological methods of increasing
wear resistance for certain soil and climatic conditions.

Some studies emphasize that the geometric shape of
the wear-resistant coating is crucial for increasing the wear
resistance of the tillage machines operational units (Kadenko,
2017). To determine the effect of the geometric shape of
the wear-resistant coating on the surface of the operational
units of disk tillage machines, various technological options
were proposed (Fig. 4). Wear-resistant coating was applied
to the disc operational units made of 65[" steel.

It has been proven that the geometric shape of the wear-
resistant coating applied to the friction surface is not crucial
for increasing the wear resistance of tillage machine disc
operational units on all types of soil. The difference lies
only within the statistical error (up to 3%) (Fig. 7). Sample 2
(Fig. 7) wears more actively because the volume of the
applied wear-resistant coating is much smaller than the
volume of the coating applied to other samples of the tillage
machines operational units.

After the wear layer of the applied wear-resistant coating
was worn off, the wear rate became equal to that of a
series-produced operational unit. There is also a noticeable
decrease in the wear rate as the disk diameter decreases.
This is due to a decrease in pressure on the edge of the
operational unit due to a decrease in the working depth.

Application of a wear-resistant coating on the surface of
disk operational units increases wear resistance on sandy loam
and sandy soils more significantly than on loamy and clay soils
(Table 5). This is also due to different mechanisms of abrasive
surface wear: on sandy and sandy loam soils, the process of
micro-cutting prevails, while on other types of soils, the process
of polydeformation destruction of the metal surface prevails.

T-620 electrodes (Table 6) have proven to be the best
for increasing the wear resistance of disk operational units,
as they are designed for surfacing parts that operate under

conditions of abrasive wear with moderate shock loads.
Tillage machines operational units hardened with M-Fe 6
electrode had the lowest wear resistance.

It should be emphasized that the use of disc operational
units made of expensive 28MnB5 boron-containing steel
has a significant effect on increasing wear resistance only
on clay and loamy soils. Operation of disk tillage machines
on sandy loam and sandy soils using operational units made
of 28MnB5 steel does not produce a positive effect.

The area and volume of the applied wear-resistant
coating has a significant impact on increasing the durability
of the operational units of tillage machines (Fig. 8).

It should be emphasized that as a result of hardening
(one layer of wear-resistant coating), the durability of disc
operational units increases by 1.28...1.41 times on sandy
loam soils, by 1.11...1.24 times on loamy soils, and by
1.07...1.18 times on clay soils.

The second layer of wear-resistant coating increases the
durability of the tillage machines operational units:

— by 13.1% when operating on sandy loam soil;

— by 9.3% when operating on medium loam;

— by 7.1% when operating on light clay.

As is well known, two limit states are possible during the
operation of disk operational units:

— bluntness of the blade;

— reduction of the outer diameter.

In the first case, the operational units are sharpened and
continue to be used, and in the second case, they are discarded.
The presence of the first limit state leads to equipment downtime
and increased maintenance costs. It is necessary to choose the
right side and angle of sharpening to avoid the first limit state.
As a result of the conducted research, recommendations for
sharpening disk operational units were developed (Table 6).

Anincrease in soil moisture generally leads to an increase
in its wear capacity. This phenomenon continues until a critical
state is reached, when free water is released on the surface
of the operational units. After that, the wear rate of the surface
is significantly reduced, as the groundwater will act as a
lubricant. It is impossible to cultivate the soil in this condition
due to the failure to meet agrotechnical requirements. For all
types of soils, the optimal moisture content was determined
at which the wear rate on the surfaces of the tillage machines
operational units is lowest (Table 7).
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Fig. 7. Wear rate of series-produced and hardened (with T-590 electrode) disc operational units during the
cultivation of the first 500 hectares of the field after harvesting corn for silage by the UDA-4.5 unit (variants of
wear-resistant coating application 1, 2, 3, 4 are shown in Fig. 1): a — sandy loam soil; b — medium loam; ¢ - light
clay (Rogovskii, et al., 2020)
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Table 5
Increasing the wear resistance of disk operational units of tillage machine made of 65[" steel
Soil Electrode type
T-620 T-590 M-Fe 6
Sandy loam 1.35...1.42 1.31...1.39 1.32...1.39
Medium loam 1.24..1.35 1.20...1.28 1.19...1.25
Light clay 1.16...1.21 1.14...1.26 1.13...1.21
BicHuk CymcbKkoro HawioHanbHOro arpapHoro yHiBepcurteTy 9
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Fig. 8. Production time of the operational units of the Y[JA-4.5 unit to the limit state (coating scheme No. 4,
hardening with T-590 electrode)

Table 6

Necessary geometric parameters of the disk tillage machines operational units
to ensure their increased durability

. Radius of the disk .
Soil curvature, R Angle of sharpening
Heavy
Clay Medium © Outer 10°...20°
Light §
Heavy N Outer 10°...20°
Loam Medium ~
- Q °
Light D) . S
Sandy loam and Hoavy I sE5E% 5
andy loam an £c28c™ >
sandy San.dy loam - SSE 8o =
Consolidated sand 82 £
Free sand @ o
Table 7
Soil moisture that ensures the lowest wear rate
Soil Humidity, %
Heavy
Clay Medium
Light 13..17
Heavy
Loam Medium
Light
Sandv | d Heavy 10...11
andy loam an
sandy Sandy loam 9. 10
Consolidated sand
Free sand 7.8

An increase in the speed of movement of the tillage
machines operational units relative to the soil leads to
an increase in the wear rate. It is necessary to keep the
speed of the machine to a minimum to ensure increased
wear resistance. This is impossible in the actual operating

10

conditions of tillage machines, as it can lead to non-
compliance with the agrotechnical requirements for the
technological operation. Also, reducing the speed will
decrease the machine productivity and make it difficult to
perform the operation within tight agrotechnical deadlines.
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After harvesting crops, nutrient residues remain on
the soil surface, which, when interacting with the tillage
machines operational units, can release juices that will
intensify the process of abrasive wear. Soil cultivation should
be performed at the lowest moisture content of nutritious
crop residues.

Multifunctional capabilities of the center hoes have led
to the development of a large number of their designs that
differ in the specifics of wear. Wear process of the cultivator
hoes is characterized by high rate due to direct contact with
a complex abrasive mass — soil.

The main reason for the loss of the working condition of
the center hoes is the wear of the plow-point and wings in
width (Fig. 9, a). Other rejected indicators are also possible
(wing breakage, wear of the fastening part (Fig. 9, b), cracks,
etc.). Despite the fact that the center hoes are symmetrical
operational units, uneven wear of the wings is possible
(Fig. 9, a) due to improper adjustment of the unit.

The surface wear is not uniform during the cultivating
hoes operation. The hoe plow-point is subjected to the
greatest load, and therefore the wear rate of the plow-point
will be higher than of the other parts of the center hoe.
If the cultivator hoes are made of 65, 70" steel with the
same physical and mechanical properties of the material
throughout the operational unit, the hoe is rejected due to
premature plow-point wear. As a result of wear, the thickness
of the plow-point decreases and its strength decreases. This
leads to bending and breaking of the tip (Fig. 10).

It is well known that three groups of methods can
improve the durability and wear resistance of machine
parts: structural, technological and operational. As a result
of generalizing the information on the problem of increasing
the durability of center hoes, it was concluded that more
than 90% of the research works are devoted to technological
methods of increasing the durability of cultivator center
hoes (Kozachenko, 2017), about 8% — to structural and
about 2% - to operational methods. The works, devoted
to constructive methods, consider them in conjunction with
technological methods.

Analysis of research on improving durability and wear
resistance showed that all of them are aimed at solving a
specific local problem and do not systematically address
the issue of improving durability. The problem of increasing
the durability of cultivator center hoes shall be solved in a
comprehensive mannerwith the development of technological
and design methods. These methods will be based on the
soil and climatic conditions of operation, as well as apply
scientifically sound operating methods. To implement a
comprehensive approach, it is necessary to study the impact
of all relevant factors on the durability of cultivator center
hoes (material and method of tine reinforcement, soil type
and condition, and operating conditions).

Research of the wear characteristics and durability of the
center hoes was conducted on three types of soils during
2015-2018. “John Deere 2210” cultivator with a floating hitch
was used for this purpose. (Fig. 11).

a)

&)

Fig. 9. Reasons for the loss of the working condition of the center hoes: a — plow-point and wing wear in width
(on the example of a new and worn hoe); b — wear of the fastening part

Fig. 10. Cultivator plow-point after bending and breaking off

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty
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Fig. 11. Used “John Deere 2210” cultivator

Operational units of the cultivator were made of wear-
resistant boron-containing steel 28MnB5 and steel 650
with different hardening options (Table 8). Steel 28MnB5
(analogous to 27MnB5) was chosen for the research because
it is used by world leaders in agricultural engineering for the
production of arrow tines and has increased resistance to
abrasive wear (Kovalchuk et al., 2015).

The center hoes, made of 28MnB5 steel, were operated
without changing the physical and mechanical properties
provided by the manufacturers. The cultivator's operational
units, made of 65[" steel, were subjected to bulk hardening
at a temperature of 810...830 °C and medium tempering
with very precise holding at a temperature of 460...480 °C.
The wear-resistant layer was applied to the front side; its
width on the center hoe was 2.5 to 3 times wider than on
the wings of the arrowhead. The application was performed
by manual arc welding in the conditions of the repair bases
of agricultural enterprises as per the scheme presented in
(Borak, 2021).

Since the operational units change their length and width
in the process of wear in the soil, the rate of massive wear
was determined to objectively assess the wear resistance
of the hoes at 10 hectares of production per hoe (Fig. 12).

The wear resistance of the cultivator center hoes made
of 28MnB5 steel is 18% higher than that of center hoes
made of 65 steel when operating on sandy loam soils,
23% higher when operating on loamy soils, and 57%
higher when operating on light clay. Applied protective
coatings significantly increase the wear resistance of the
cultivator hoes. In particular, as a result of applying a layer
with the T-620 electrode, the wear resistance increases
by 29...32 %, with the T-590 electrode — by 25...32 %

and with M-Fe 6 — by 15...29 %. Due to the wear of the
wear-resistant coating, the wear rate was equal to that of a
series-produced center hoe.

It should also be noted that the wear rate of the center
hoes in the first row is 14.5...21.2 % higher than the wear
rate of the center hoes in the second row. This is due to a
decrease in the degree of fixation of abrasive particles as
a result of partial loosening of the soil layer. An increase in
the wear rate by 24.2...38.4% was observed in the center
hoes working in the wake of a mobile power vehicle and
an agricultural machine. All of these reasons shall be
considered when installing center hoes on a cultivator to
ensure machine stability.

An increase in the speed of the tillage unit leads to an
increase in the wear rate (Borak, 2021). In order to identify
the regularity of the influence of the tillage machine speed
on the abrasive wear process rate, wear of the center hoes
at different machine speeds were researched: 8 km/h, 10
km/h, and 13 km/h (the boundaries of the research are
regulated by the technical characteristics of the John Deere
2210 cultivator). The research was performed on sandy
loam soils. Production was 10 hectares per hoe. As a result,
it was found that there was no effect of changing the speed
of the unit on the wear rate. Slight increase in the machine
speed is due to the absence of impact.

The tests showed that wing breakage and other
mechanical damage occurred only during operation on
sandy loam soils in all experimental samples, except for the
center hoes made of 28MnB5 steel. Mechanical damage is
caused by a large number of stony inclusions in the soil.
Damaged center hoes were not considered when calculating
their durability (Fig. 13).

Table 8
Operational units used during the research
28MnB5
Sandy loam soil 15/5000 65
John Deere 2210 cultivator center hoe 65+T-620
Medium loam 65IM+T-590
Light clay 65IM+M-Fe 6

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

12

Cepist «MexaHisaLjis Ta aBTomaT3aL|is BUpobH1umMx npovjecisy, Bunyck 1 (55), 2024



Wear rate g/ha

Steel 28MnBS Steel 650"

Sandy loam

Steel 65I'+T-620 Steel 65I'+T-590 Steel 65I+M-Fe 6
Material of the center hoe

® Sandy loam ®Medium loam = Light clay

Fig. 12. Wear rate of the John Deere 2210 cultivator center hoes (10 hectares of production per hoe)
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Fig. 13. Durability of the center hoes

The use of a center hoe made of high-quality 28MnB5
boron-containing steel has increased its durability compared
to a center hoe made of 65I" steel by 24% when operating
on sandy loam soils, 28% on medium loam, and 66% on light
clay.

It should be noted that the durability of cultivator hoes
made of 28MnB5 steel is higher than the durability of
reinforced cultivator hoes during operation on clay soils.
When using cultivator tines on sandy loam and medium
loamy soils, the hardened hoes have a higher durability
compared to tines made of 28MnB5 steel.

Some researches have noted that applying a layer on
the back side promotes self-sharpening and increases the
service life of the center hoe by 18% compared to applying
a wear-resistant layer on the front side. Tests have shown
that the durability of cultivator hoes with a wear-resistant
layer applied on the back side is higher than the durability
of cultivator hoes with a wear-resistant layer on the front
side, during operation on clay soils only. This increase was
within the statistical margin of error and amounted to 2.8%.
When operating such hoes on sandy loam and loamy soils,
as a result of rapid wear of the base material, we observed
the protrusion of the hardened layer, which broke off during
interaction with hard soil elements. The durability of such
hoes turned out to be 1.6...1.9 times less than the durability
of series-produced hoes.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

The ratio of the geometric parameters of the wear-
resistant layer applied to the plowpoint and wings of the
center hoe should be based on the ratio of the wear rate
of these parts. The ratio of wear rate of the plow-point
and wings of the center hoe was determined on a series-
produced hoe made of 65I steel (Table 9).

The results of Table 10 make it possible to determine the
scheme for applying wear-resistant coatings to the center
hoes, considering the soil conditions of their operation. During
the operation of the hoes on clay and medium loamy soils,
the wear-resistant layer should be 2.5 times wider and thicker
than the layer applied to the hoe wings. On sandy loam soils,
the geometric dimensions of the wear layer on the plow-point
and wings should have a ratio of 1.25/1. Such ratios can be
achieved not only by applying wear-resistant coatings, but also
by installing a removable tip on the plow-point of the center hoe.

The degree of abrasive particle adhesion in the soil
significantly affects the ratio of wear rate of the plow-point
and wings of the center hoe. Research of the influence of
the fixation degree of abrasive particles in the soil on the
wear rate of the plow-point and wings was performed on
sandy loam soils with different fixation degrees of abrasive
particles: a plot after harvesting winter wheat; a plot after
harvesting winter wheat and plowing (the day after plowing);
a plot after harvesting winter wheat and plowing (48 days
after plowing).
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Table 9

Ratio of plow-point and wing wear rate of cultivator hoes (production per hoe — 10 ha, field after rape)

Place of measurements Wear rate mm/ha
Sandy loam Medium loam Light clay
Plow-point 0.85 0.57 0.37
Wings 0.68 0.23 0.15
Correlation between plow-point and wing wear rates
Plow-point/wings | 1.25 2.48 2.46
Table 10

Correlation of wear intensity of the plow-point and wings of the center hoe in sandy soil conditions
with different degrees of abrasive particle fixation

Research conditions

Correlation between plow-point and blade wear rates

Plot after harvesting winter wheat

1.28

Plot after harvesting winter wheat and plowing (the day after plowing)

1.08

Plot after harvesting winter wheat and plowing (48 days after plowing)

1.21

The research results are presented in Table 10.

If cultivators are used only for secondary tillage (after
plowing), the wear rate of the plow-point and wings will differ
by only 8%, which must be considered when strengthening
the center hoes.

During operation, it is important that the center hoes are
self-sharpening to ensure that the cultivation operation is
performed efficiently. The ratio of the thickness of the wear-
resistant coating and the base metal can be determined
using the results presented above and the methodology
developed by A. S. Rabinovich.

Wear characteristics and proposed ways to increase
the durability and wear resistance of plowshares were
researched on three types of soils during 2015-2018 at
agricultural enterprises in Zhytomyr and Vinnytsia regions.
The tillage machines and operational units, used in the
research, are presented in Table 11.

Research involved series-produced plowshares made of
N53 and Nardox 500 steel. Tests were conducted without
changing the physical and mechanical properties provided
by the manufacturers. Plows, made of 65 steel, were
subjected to bulk hardening at a temperature of 810...830 °C

and medium tempering with very precise holding at a
temperature of 460...480 °C.

The scheme of applying a wear-resistant coating for
plowshares, during operation on different types of soils,
should differ significantly based on the ratio of wear resistance
of the blade and nose parts of the plow (Fig. 6, a), in contrast
to series-produced plowshares, where the reinforcement is
performed along the entire length with the same thickness
(Fig. 6, b). Previous researches have shown that the hardening
of series-produced plowshares leads to rapid wear of the plow-
point and loss of the ability to penetrate the soil, and therefore
it is replaced with an unused blade part (Borak, 2020).

The results of wear resistance researches of series-
produced and hardened plowshares are shown in Fig. 14.

It was found that the use of Nardox 500 steel for the
manufacture of tine and plowshare operational units is
more efficient when operating on clay soils. The wear
resistance of plowshares made of this steel is higher than
the wear resistance of plowshares made of 65I steel, by
26% during operation in sandy loam soil, by 43% during
operation in loamy soil, and by 82% during operation in
light clay (Fig. 16).

Table 11

Operational units of plows used in the research

Tillage machine Soil type Operational unit Material ‘Jvfggﬁrgggfat;?r:lag;gtar applied
65l
65M+T-620
65IM+T-590
MnH-3-35 Plowshare 65T+ M-Fe 6
1. Sandy loam Hardox 500
2. Medium loam n53
“ ” 3.Lightclay  Mpiowshare (with 65T
Plow “Kverneland rerz)lﬁicsee?)ble Hardox 500
g » Plowshare (with 65
Plow “Diamant 11
manufactured by Lemken re%ﬁgae?)b le Hardox 500
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0,128

Wear rate, kg/ha

Steel 65G
590 620

u Sandy loam soil

Steel 65I'+T- Steel 65T+T- Steel 65T +M-

Steel Hardox
Fe 6 500

Material of the center hoe

Steel JI-53

® Medium loam = Light clay

Fig. 14. Wear resistance of INJ1H-3.35 plow plowshares (production of 4 hectares per operational unit)

High efficiency in plowing sandy loam and loamy soils
is provided by plowshares with a wear-resistant coating
applied by manual arc surfacing with T-620 and T-590
electrodes (Table 12).

Despite such a significantincrease in the wear resistance
of arc hardened plowshares at the initial stages of operation,
their durability does not increase significantly (Fig. 15). This
is primarily due to the intensification of abrasive wear on
the surface of the operational units after the wear-resistant
coating is worn off.

The use of series-produced plowshares made of Nardox
500 steel allows to increase the durability by 1.31...1.49
times compared to series-produced plowshares made of 65I
steel, and by 2...2.14 times compared to plowshares made
of L53 steel. A more significant increase in the durability of
plowshares made of Nardox 500 steel was observed during
operation on light clay compared to operation on sandy loam
and loamy soils. It should be noted that the durability of
plowshares made of Nardox 500 steel is higher than that of
hardened plowshares when working on clay soils, and vice

Table 12
Increasing the wear resistance of plowshares made of 65I steel
(NJIH-3-35 plow, production is 4 hectares per one plowshare)
Soil Electrode type
T-620 T-590 M-Fe 6

Sandy loam 3.20...3.33 3.21..3.32 2.95..3.07

Medium loam 2.85...2.87 2.84...2.85 2.64..2.71

Light clay 2.77..2.82 2.78...2.83 2.41..2.50
<
=
o
8
k3]
S
=
(a9

Steel 65T Steel 65T+T- Steel 65T+T-620 Steel 65I+M-Fe  Steel JIS3 Steel Hardox
590 6 500
Material of the center hoe
® Sandy loam soil ®Medium loam  ® Light clay
Fig. 15. The average service life of the plowshares MJH-3.35
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versa on sandy and sandy loam soils. This, in turn, is due to
the different ratio of the wear rate of the plow-point and the
plow blade during operation on different soil types (Table 13).

The data in Table 14 make it possible to determine
the scheme of applying a wear-resistant coating for
plowshares, considering the soil and climatic conditions of
their operation. Applying a wear-resistant coating only to the
toe of the plowshare will significantly increase its durability
during operation of plowshares in loamy and clay soils. On
sandy soils, it was found that it is necessary to change the
plow-point and blade at the same time.

The results of theoretical researches confirm that
the degree of abrasive particles fixation in the soil can
significantly affect the ratio of the wear rate of the blade
and the plow-point of the plowshare. To confirm or refute
this statement, researches were conducted on sandy
loam soil with three different degrees of abrasive particle
consolidation:

1) Plot after winter wheat;

2) Plot after winter wheat, repeated plowing on the 7th
day after the first cultivation;

3) Plot after winter wheat, repeated plowing on the 74th
day after the first cultivation.

The research results are given in Table 14.

The change in the ratio of the wear rate of the blade and
the plow-point of the plowshares is due to the fact that the
blade will interact with the landside in all processing options
and the degree of fixation of abrasive particles will not change,
unlike the abrasive particles with which the plow-point of the
plowshares interacts. An increase in the wear rate of the blade
part of the plowshare was observed on all types of soils. It is
necessary to strengthen the blade part primarily to increase
its durability when processing loose soils of all types.

The ratio of the thickness of the wear-resistant and
bearing layers should ensure self-sharpening conditions
with no possibility of a hard layer protrusion. Protrusion of
the hard layer will cause it to break off. Thickness of the

wear-resistant layer should be calculated as per the method
proposed in (Borak, 2021).

The use of plowshares with replaceable chisel significantly
increases their durability by replacing the chisel during
operation. During the period of operation of such plowshares,
from 2 to 4 chisel replacements can occur, as the wear rate
of the plowshare nose significantly exceeds the wear rate
of the blade. In addition, it should be noted that in case of
mechanical damage to the plow-point section, only the chisel
is replaced. The use of plowshares with replaceable chisels
can increase the durability of the plow by 2.3....4.4 times. A
special feature is that the chisel protects the plow-point of the
plowshare from wear not only along the length but also along
the width of the plow-point (Fig. 16).

For plowshares with a replaceable chisel, the thickness
change is wavy due to the formation of a wave of abrasive
particles by the chisel as it breaks up the soil.

During the operation of plowshare operational units, unlike
disc ones, no intensification of the abrasive wear process was
detected in the presence of plant residues on the soil surface.
Research works have shown that the difference in the wear
rate of plowshares and center hoes in the presence and
absence of plant residues is within the statistical error (£ 3%).

An increase in the speed of the tillage machine leads
to an increase in the wear rate of the operational units. It
is necessary to keep the speed of the machine as low as
possible to ensure increased wear resistance. This is not
possible in the actual operation of tillage machines, as the
productivity of the machine reduces with decreasing speed.
This can lead to a failure in performing a quality operation
within tight agrotechnical deadlines.

Findings. Research of the wear characteristics and
operational tests of plowshare operational units allows us to
draw the following conclusions:

— The nature and mechanism of abrasive wear depends
on the type of soil, its aggregate state and operating
conditions;

Table 13

Ratio of wear rate of the blade and nose parts for different soil types (series-produced plowshares, steel J153,
production is 4 ha per one plowshare, fields are in a post-harvest condition, after harvesting corn for silage)

Place of measurements Wear rate, mm/ha
Sandy loam soil | Medium loam Light clay
Plow-point (plow-point length) 8.42 7.31 4.27
Blade (blade width) 5.38 3.12 1.78
Correlation between wear rate of plow-point and plowshare blade 1.56 2.3 2.39
Table 14

Ratio of wear rate of the blade and plow-point parts in sandy soil conditions with different degrees of abrasive
particle fixation (processing depth in all cases — 220 mm)

Research conditions Correlation betmx::r ;:;ct);vs-point and blade
Plot after winter wheat 1.49

Plot after winter wheat, repeated plowing on the 7th day after the first cultivation 0.68

Plot after winter wheat, repeated plowing on the 74th day after the first cultivation 0.89
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Fig. 16. Changes in the thickness of a plowshare with a replaceable chisel during operation on sandy loam soils
(the plowshare has exhausted its service life)

— Application of a wear-resistant coating leads to an
increase in wear resistance on all types of soils, but this is
most pronounced on soils with a higher wear capacity;

— ltis necessary to use plowshares with a wear-resistant
coating, and on clay soils — plowshares made of high-quality
wear-resistant steels on sandy and sandy loamy soils in
order to increase durability;

— the presence of plant residues on the soil surface
does not significantly change the abrasive wear rate of
plowshare operational units (unlike disk ones);

— The ratio of the geometric parameters of the wear-
resistant coating should be based on the conditions and
operating modes of the plowshare operational units;

— Increasing the durability and wear resistance of the
tillage machines operational units should be based on an
integrated approach. This approach should use a range
of technological and design methods, considering soil and
climatic conditions, and implement scientifically sound
operating methods.

Wear of the disk tillage machines operational units is
complex (different mechanism and nature of abrasive wear

on the surface of the operational units, the occurrence of
related wear processes and the possibility of switching
to impact abrasive wear of the surface). Problem of
increasing the wear resistance and durability of the tillage
machines operational units that interact with the soil
environment cannot be solved by just using technological
methods to increase wear resistance and durability. To
achieve this goal, it is necessary to apply an integrated
approach, that includes the development of technological
and design methods to increase wear resistance and
durability, considering soil and climatic conditions, and
the introduction of scientifically sound methods of tillage
machinery operation.

As per the wear characteristics of plowshare and disk
operational units, schemes of wear-resistant coating
application have been developed to increase their durability
and wear resistance, considering the operating conditions
and modes of operation. It has been established that the
application of a wear-resistant coating is more effective
during the operation of operational units on soils with a
higher wear capacity (sandy and sandy loam soils).
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MidsuujeHHs HadiliHocmi po6o4ux opaaHie rpyHMoo6pobHUX MaWUH

[pyHMOo0o6pO6HI MalwuHU 3aliMaromes 00He 3 MPOSIOHUX MiCUb Y CPYKMYPI MaWUHHO-MPaKMOPHO20 MapKy Cy4acHux
agpapHux nidrnpuemcmes. Ympama ix npaue3damHo20 cmaHy rid 4ac rmposedeHHs1 osibosux pobim Moxe cymmeeso eriiu-
HYmu Ha ypoxalHicmb CinlbCbK020Crmo0apchKux Kynbmyp. Y rpyHmMoobpobHUX MawuHax eneMeHmoMm, KUl rnepesaxHo
nimimye 0og208i4Hicmb MawuH, € pobo4ul opaaH. BupiweHHs npobnemu nidsuuieHHs1 doe8208i4HOCMI ma 3HOCOCmIliKocmi
poboyux opaaHie rpyHmMoobpobHUX MallUH He MOXe basysamucs Ha BUKOpUCMaHHI 00H020 3 HasigHUX Memodig (mexHosmo-
2I4H020, KOHCMPYKMUBHO20 Ma eKcriyamayiliHo2o), a NO8UHHO rPyHMysamucs Ha cucmeMHOMY idxo0i 3 eUKOpUCmaH-
HSAM ycb020 criekmpy docmyrnHux Mmemodie. Y npoyeci peanisauji cucmemHozo nidxody HeobxiOHO 8paxyeamu 6ci iCmomHi
YUHHUKU, SIKi enueaoms Ha 008208i4HICMb | 3HOCOCMIlKiCmb pobo4ux opeaHie. B pobomi 6cmaHO8meHo, W0 HaHECEeHHS
3HOCOCMIlIKO20 nokpummsi 0ae Moxrnugicmb nidsuwumu 908208i4HICMb POOOYUX OpeaHie rPYHMOOBPOOHUX MalWUH:
0715 3MiYHEHUX AUCKOBUX pOobOoYUX OpaaHie npu ekcriyamauii ix Ha cyniwaHux rpyHmax 008208i4yHicmb nid8uULyemMbCs
8 1,28-1,41 pasu, Ha cyanuHkax — 6 1,11-1,24 pasu ma Ha anuHucmux rpyHmax — e 1,07—1,18 pasu; dns1 3MiyHeHUX cmpir-
yacmux nan npu ekcnayamauii ix Ha cyniwaHux rpyHmax 0ogzosiyHicms nidsuwyemscs 6 1,41-1,53 pasu, Ha cyenuHkax —
8 1,48 pasu ma Ha enuHucmux rpyHmax — 8 1,39—1,44 pasu; dnsa 3miyHeHUX nemewwis rpu ekcrayamauii ix Ha cymiwaHux
rpyHmax doezosiyHicmb nidsuwyemscs 8 1,82—2,13 pasu, Ha cyanuHkax — 6 1,5—1,85 pasu ma Ha enuHUCmuXx rpyHmax —
8 1,34-1,52 pasu. Ome, HaHECEHHS1 3HOCOCMILIKO20 MOKpUMMS Ha Poboyi opa2aHu rpyHMoobPOOHUX MaWwUH binbw eghek-
mueHe Ha rpyHmax, siKi Matomb 8UWY 3HOWY8anbHy 30amHicms (CyniwaHi ma niwaxi). BuseneHo 3akoHoMipHocmi ennusy
IPYHMOBO-KNiMamuyHuUX yMo8, pexumie excriyamauji ma crnocobie 36epieaHHsa Ha do8208i4Hicmb i 3Hococmitikicms pobo-
YuX opaaHie rpyHmoobpobHUX MaWwuH. Ha ocHoesl ekcriepumeHmarnbHUX 0aHux ma meopemuyHux AocnioxeHb po3pobrieHo
Haykogo 0brpyHmosaHy cucmemy excriyamauji poboyux opeaHige rpyHmoobpobHux mawuH. CghopMyTb08aHO OCHOBHI
MPUHUUNU nidsuweHHs1 Aoe208i4HOCMI POBOYUX Opa2aHie rPYHMOOBPOBHUX MawuH KOMIIEKCHUM ridxo0om adanmauii ix
3HOCOCMIUKOCMI 3 ypaxy8aHHSIM IPYHMOBO-KITIMamuy4yHUX yMO8 ma Pexumie ekcrinyamauii, ski 0o3eonsoms midsuwumu
008208i4HicmMb pobOYUX OpaaHie rpPyHMoobpobHUX MawuH 6 1,84-2,51 pa3u & 3anexHocmi 8id muny poboyux opaaHie ma
rPyHMOBO-KNIMamu4HUX yMos.

Knroyosi crioga: abpasusHutli 3HOC, rpyHmMoobpObHI MaluuHuU, murl rpyHmy, ekcriiyamauitiHul azpeaam, 8upobHUYMEO,
0os208i4Hicmb, 3Hococmilikicms.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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