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Synopsis
Agricultural production is associated with land degradation and depletion, deforestation, envi-
ronmental pollution, deterioration of water and air quality, etc.
According to soil scientists of the Moscow State University during the entire period of agricultural
activity (about 10 thousand years), the world lost 2 billion hectares of arable land, which is much
higher than the presently arable land area of - about 1,5 billion hectares. And the intensity of losses
increases: 700 million hectares are lost over the past 300 years, with an average annual rate of 2,3
million hectares, and 300 million hectares are lost over the past 50 years with an average annual
rate of 6 million hectares. According to modern estimates, approximately 1.2 billion hectares, out
of 1,5 billion hectares in the turnover of farmland, are now in a state of degradation.
Such consequences of human agricultural activity are the result of a mismatch between his inter-
ests and the "strategy of nature". With the aim of concurrence of human interests with the "strategy
of nature" and preserving the invaluable gift of the nature of soil fertility, mankind develops soil
protection technologies for cultivating agricultural crops and technical means for the implemen-
tation of these technologies in relation to specific soil and climatic conditions. At the same time,
the following basic principles are laid down in the basis of the performance of any technological
operation in the cultivation of crops in soil conservation agriculture: minimal spraying of the
treated soil layer; reduction of airflow velocity in the surface layer; maximum accumulation and
rational use of moisture in the soil.
The principles of the soil protection system of agriculture and the specific working conditions of
agricultural machinery exclude the possibility of using machinery designed for the classical (dump)
farming system. This led to the emergence of a new type of machinery and tools to protect the soil
from wind erosion and to combat drought.
The need for intensification of agriculture in hard arid regions, the formation of a system of an-
ti-erosion measures taking into account zonal features, changed energy resources and forms of
labor organization predetermine the expediency of developing new or improving existing machi-
nery and tools for soil-protecting agriculture. The construction features of such machinery and
tools, their adjustment and operating features are widely covered in the literature. However, to this
day there is no generalized material in which the results of the main theoretical and experimental
studies that form the basis for the creation of machinery and tools for soil conservation agriculture
would be concentrated. Studies are scattered and published in scientific works of many different
countries. This complicates work of researchers and designers aimed to improve and create new
machinery for soil protection agriculture, hampers training of specialists in higher and secondary
educational institutions.
In this book, an attempt is made to systematize the main results of numerous studies that are the
basis for creation of machinery and tools for soil-protecting agriculture. In it the following circle of
questions is considered: operating conditions of anti-erosion machinery and agrotechnological
(initial) requirements to them; the main theoretical and experimental provisions for the selection of
rational values for the parameters of operative parts and structural and technological circuits for
erosion control machinery and tools for soil cultivation, accumulation and rational use of moisture
in soil, intrusion of mineral fertilizers and herbicides,seeding of crops, accumulation of moisture in
the soil at the expense of winter precipitation.
The research results presented in the book are used as the basis for the development in the former
USSR of'a complex of anti-erosion machinery and tools, which were produced in large volumes by
the industry. This made possible to apply soil-protective agriculture in the USSR on an area of
more than 60 million hectares, incl. in the Republic of Kazakhstan - on 22 million hectares.
Currently, the results of these studies are used in the Republic of Kazakhstan in developing of new
and improving of existing machinery and tools for soil-protecting agriculture, which predetermines
the necessity and expediency of writing of this book.The List of literature at the end of the book
does not pretend to give the complete coverage of relevant publications profile and contains only
works directly used in the creation of new and improving existing machinery and tools for soil
conservation agriculture.
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1.About Soil-Protecting Agriculture

Soil protection system of agriculture is one of the varieties of soil-protective, intensive and re-
source-saving agriculture. World experience in their development has shown that the provisions
and principles of soil conservation do not depend on economic and social conditions but are de-
termined by the natural and climatic conditions and the biological possibilities of agricultural crops
cultivated under such conditions. At the same time, the basic requirements to the technologies of
crop cultivation were clearly formed:
- soil protection from wind and water erosion;
- preservation and improvement of soil fertility;
- obtaining of the maximum yield with minimum energy, labor and financial costs;
- obtaining of high-quality products;
- environmental protection in order to ensure safety of human life.
Therefore, all technological operations of cultivation of crops with soil-protecting agriculture
should solve the following main tasks.

1) Optimization of soil density and its structural state
On soils, the equilibrium density of which is close to optimal for cultivation of certain crops, the
task of its loosening is shortened. In such a case, zero processing is possible if other tasks of tillage
are replaced by other means (for example, the use of herbicides). The criterion for assessing the
density and structural state of soils is the presence of water-resistant aggregates of more than 0.25
mm. For different soil types this scale has not yet been developed. But roughly, in loamy soils such
aggregates should be more than 40%.

2) Regulation of water balance of soils
It is necessary to ensure the transfer of atmospheric precipitation into the soil thickness, to reduce
their surface runoff, and to reduce the physical evaporation of moisture from the soil surface.

3) Prevention of water and wind erosion of soil
It is achieved by regulating the surface runoff of water and by reducing the wind speed in the sur-
face layer of the soil by creating on its surface of various roughness’s (small crests, stubble residues,
etc.).
4) Regulation of the regime of organic and biogenic elements, placement of fertilizers and me-
liorants in the plow layer
It is established that the intensity of mineralization of organic matters depends on the nature and
frequency of mechanical tillage. This process is most active during plowing, less intensively - with
no-till processing, i.e. the biological activity of the soil decreases, since the entire microflora is in a
small layer of soil.
It is clear that fertilizers and meliorants must be introduced into the root layer of the soil, and not
scattered, in the truest sense of the word, on the surface of the field. Then, from the surface of the
field, they are washed into water bodies, rivers, lakes. The consequences of it are well known.

5) Regulation of phytosanitary conditions
In the technology of cultivating crops before the appearance of pesticides, the mechanical treat-
ment of the soil also carried out the task of combating weeds, diseases and pests. Today, with the
increase in environmental requirements for crop production technologies, the role of mechanical
tillage to maintain the proper and phytosanitary condition is increasing.

6) Creation of optimal conditions for seeding and obtaining of amicable shoots
When pre-seeding cultivation of soil, it is necessary to ensure conditions under which the seeds
would lie on a densified wet bed, and from above would be covered with a loosened layer of soil.
While seeding, the required number of seeds should be distributed evenly and strictly at a given
depth.

7) Energy saving and economy
Along with the soil protection orientation and the desire for the biologization of agriculture, soil
cultivation must ensure a minimum of inputs of energy, labor and financial resources.
The above tasks, correlated with different natural conditions and with the biology of growth and
development of cultures, serve as a guide for selecting possible options for mechanical tillage and
performing a particular technological operation in the cultivation of crops, and a set of certain
mechanical treatments forms a system for cultivating the soil for a particular crop in the rotation.
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Based on the analysis of domestic and world practice in use of mechanical types of soil treatment in
the world today, the following classification of soil treatment systems is applied.
a) Dumping system of agriculture - full or partial wrapping of soil layers. Two types of it are used:
different in depth and minimal.
The different in depth: deep - more than 24 sm, ordinary - 18-24 cm, small - 8-16 cm and superficial
-up to 8 sm.

The minimal: surface - up to 8 sm and shallow - 8-16 sm.

Currently, the most widespread is the different in depthwith a tendency to minimization.
b) Mulching system - processing of soil without a turn of a layer with preservation of crop residues
on the surface of the field.

Three types of it are used: deep, shallow and minimal.
The deep - systematic tillage of the soil to a depth of more than 24 cm without recirculation (on
solonetzes, solonetsous soils and heavily compacted soils, on erosive soils).
The shallow depth - the alternation of shallow and deep tillage, depending on the crop cultivated in
the crop rotation and soil conditions, for example, soil protection technology for the cultivation of
cereals, developed under the guidance of Academician A.I.Baraev [44].
The mulching - shallow tillage of the soil without turnover of the formation (on light soils in tex-
ture).
¢) Combined system - various combinations of dump soil treatments with no-tillage to various
depths (usually in crop rotations with corn and in forest-steppe conditions). Can be used in com-
bination of deep treatments, shallow or minimal.
d) Zero system - the soil is not subject to any kind of machining, except for the impact on it of the
working organs of the sowing units. This system is called the system of the future. The condition,
problems and prospects of this treatment system will be described below [4].
e) Ridge system - for cultivating only a certain type of crops on sliced ridges or ridges. It is com-
monly used in cold and humid climate.
f) Band-cultivation of soil with sowing of seeds into it. This system includes positive elements of
minimal and zero soil protection technologies and is used mainly for cultivating tilled crops.
Intensification of agricultural production, regardless of the soil treatment systems, is usually ac-
companied by an increase in energy costs and productivity of agricultural units. An increase in the
depth of soil cultivation, an increase in the number of operations in the soil treatment system in-
tensify such negative phenomena as spraying of soil aggregates, excessive loosening of the treated
soil layer and compaction of its underlying layers, loss of moisture, water and wind erosion [1].
World experience of agriculture shows that intensification of cultivation of crops leads to an in-
crease in yields. But at the same time, energy costs per unit area of their cultivation are sharply
increased, for example, at 2 - 3 times the increase in yield, energy consumption grows 5 - 20 times
[2,3]. That is why the last 40 - 50 years in all developed agrarian countries in the world is searching
for the most effective soil treatment system. The impetus for the search for a new soil treatment
system was the following two factors.
The first factor is not the indisputable statement of scientists in the first half of the last century that
the most important requirement,for any soil preparation system is effective control of weeds, and if
the soil is practically free from weeds, then the requirements of the crops for processing quality are
not very high. But the regulation of the phytosanitary state of the fields is only one of the six tasks
mentioned above. In what way will the other five functional tasks be solved? This was the whole
point and purpose of carrying out complex studies in different soil and climatic conditions of the
countries of the world. An analysis of the results of these studies shows the following.
The abandonment of a large number of postharvest remnants on the surface of the field with zero
tillage system, the absence of mixing of its layers and the spread of fertilizers on the field surface
lead to large differences in the physical, biological and agrochemical properties of the soil along the
profile (horizontally).
Ten-year research (Canada) on the effectiveness of zero processing on dark chestnut heavy loam
soil showed that in the grain-steaming crop rotation the greatest changes were observed in the 0 - 6
sm layer - water permeability and useful water retention capacity decreased, the bulk density in-
creased. But these indices in the 6 - 12 sm layer did not reach the limits that prevent the normal
development of the root system of plants. However, most soils do not possess such favorable
physical properties, and they can deteriorate, for example, compaction is possible, and the number
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of air-filled pores is reduced. It is for this reason, as established by research in Australia, that the
length of the roots of wheat per unit volume of soil in zero processing compared to the dump was
less by an average of 21%.

With zero processing, the accumulation of organic matter occurs predominantly in the surface
layer of the soil. After 13 years of zero processing (Australia), the organic matter content in the 0 -
10 sm layer was 3.13%, with the dumping treatment — 2,87%. Although it is generally believed that
when planted in the soil, the mineralization of plant residues, due to good aeration and high mi-
crobiological activity, proceeds faster than with zero treatment.

For this reason, there is a differentiation in the profile of the biological properties of the soil, which
has a strong effect on the nutritional regime of the soil. The presence of an abundance of carbon
sources and energy in the form of post-harvest residues in the surface layer leads to activation of
microbiological activity, to a sharp increase in microbiomass in comparison with other methods of
soil cultivation. Studies (USA, New Zealand) found that in the 0 - 5 sm layer with zero processing,
the biomass for carbon was 1,6 times greater, and for nitrogen, 1,5 times. But already at a depth of
10 sm, the nitrogen content in the microbiomass becomes equal or even less at zero processing than
in the dump. This trend was observed both in medium loamy and heavy loam soils.

In general, it has been experimentally established that the content of humus, total nitrogen, mobile
forms of nitrogen, potassium and some trace elements is much higher in the surface layer of the
soil, higher microbiological activity. However, due to stronger soil compaction, weakening of
aeration, and often lower temperatures, the availability of nutrients is lower. Therefore, it is be-
lieved that with zero processing, the demand for mineral fertilizers may be higher.

With zero processing, the use of organic fertilizers causes great difficulties, since they are supposed
to be plowed into the soil, and not left on the surface of the field.

The second factor is the introduction of herbicides into production, which make it possible to
ensure the purity of fields from weeds.

In modern agriculture, with its intensification, the means of chemicalization play an important role
in increasing the production of agricultural output. However, they have a negative impact on the
environment. For example, world experience has shown that with an increase in the yield of grain
by 3,5 times, the introduction of mineral fertilizers is increased 25 times, and chemical protection
equipment 14 times. When the yield of grain is increased by 6,5 times, the application of mineral
fertilizers is increased 125 times, and of protective equipment 100 times [2]. How can the envi-
ronment sustain this load at all? As a result, gradually, but inevitably and continuously, the natural
composition of the atmosphere, water, soil, etc. changes.

With an increase in the volume of application of chemical plant protection products, they can be
washed into groundwater. Moreover,this process depends not only on the properties of chemical
preparations, but also on the physico-mechanical properties of soils. Thus, 33% of the US area,
where intensive agricultural production is conducted, coincide with zones where soil, climatic and
hydrological conditions promote the washing out of chemical plant protection products in
groundwater. According to the results of research in the USA, 10% of public and 4% of rural pri-
vate wells contained chemical plant protection products, and in 13% of them the content exceeded
the permissible levels. The close location of groundwater to the surface, irrigation, torrential rains,
mistakes with the use of chemical protection agents accelerate their penetration into ground and
drinking water. There have been no such studies in the Republic of Kazakhstan. Therefore, from
the point of view of ecology, one should be cautious about the use of chemical means of plant
protection. Where possible, you need to do without them or severely restrict their use, especially as
according to research conducted in Canada [2, 3], the total costs of caring for "chemical vapor"
depending on the degree of contamination are quite high and amount to 52 - 100 US dollars per 1
hectare, and for an ordinary ferry - 37 - 60 dollars per 1 ha. According to the Kostanai Agricultural
Research Institute, the application of mechanical or chemical treatments on steam fields is prac-
tically the same, amounting to approximately $ 42 per hectare.

It was suggested that these factors make it possible to minimize mechanical tillage of the soil,
which will allow [1]:

- to receive an economic effect (economy of a labor, combustive-lubricating materials, material
resources and money resources);
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- minimize loss of moisture under conditions when its content in the surface layer of the soil is
critical;

- to preserve organic matter in the upper 5-sm layer of soil;

- reduce the risk of water and wind erosion,;

- maintain the main advantages of the undisturbed structure of the treated soil layer.
Thus, the results of long-term foreign studies in general have confirmed the expected benefits of
zero tillage. But at the same time, the following main shortcomings were revealed [4]:

- higher costs for chemical plant protection products from weeds, pests and diseases;

- additional costs for the maintenance of special equipment while maintaining the traditional, as

usually

not all soils in one farm are suitable for zero processing;

- not all crops produce high yields with zero processing;

- higher requirements for the qualification of farmers, especially with regard to the use of chemical

plant

protection products, mineral fertilizers and soil ameliorants;

- difficulties with the use of organic fertilizers, since their effectiveness is not low in soil.
For these reasons, despite very optimistic forecasts for the introduction of zero processing, it is still
used on a small area, and in the past 15 years, the growth in areas has slowed or stabilized (in the
US, the share of use is just over 6% of traditional tillage systems, and in Canada by 0,2% of arable
land) [4]. This indicates that in the production environment, zero processing has already found its
niche. But intensive research is continuing on its improvement and possibilities for expanding its
use. An extensive experimental material has been accumulated on the feasibility of combining zero
tillage with other systems, especially where soil properties deteriorate with prolonged zero
processing. This makes it possible to realize the advantages of zero processing on soils that are not
resistant to compaction.
In connection with the above research on the development of technologies and technical means of
soil conservation in Kazakhstan, which has huge arable land in various soil and climatic condi-
tions, should be continued, which predetermines the usefulness and usefulness of the material in
this book.

2. Machinery and tools of soil-protecting agriculture for soil treatment
2.1. Working conditions and agrotechnological (initial) requirements for machinery and tools

As noted in the previous section, for solving technological problems of soil conservation agricul-
ture, optimization of soil density and its structural state; regulation of water balance of soil; pre-
vention of wind and water erosion; regulating the regime of organic matter and nutrient elements
and placing fertilizers in the plow layer; regulation of phytosanitary conditions; creating optimal
conditions for sowing; maintenance of energy saving and profitability are applied dump, mulch,
combined, zero, comb-bedding and strip systems of processing of soils or their certain combina-
tions.
In soil conservation agriculture for the cultivation of some tilled crops is used dump soil treatment
system. The complex of machines of this system is well known, and the conditions of their work
and agrotechnological requirements (initial) to them are taken into account when creating them.
Numerous and long-term research results in the development of these machines and tools and their
improvement are widely covered in numerous literature and therefore are not included in this
book.
Technology of cultivation of crops on soils subject to wind erosion, provides for the following types
of its processing without turnover of the formation with the maximum amount of crop residues
remaining on the surface of the field with minimal spraying of the treated layer:
- processing to a depth of 8 - 16 sm (autumn plowing, first and intermediate steam treatments,
pre-sowing treatment, treatment of perennial grasses);
- loosening to a depth of 20 - 27 sm (autumn plowing, first or last steam treatment, treatment of
perennial grasses);

- cultivation of pure steam to a depth of 6 - 8 sm;
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- surface treatment of soils to a depth of 4 - 6 sm (early spring loosening of the soil, stubble harr-
owing, care of crops of perennial grasses);

- stubble disc of soil after harvesting of crops; - cracking;

- chiseling.
For each of these types of soil cultivation in soil conservation agriculture, special machines have
been developed.
The working conditions of soil-cultivating machines in soil-protecting agriculture are extremely
difficult. They should be efficient with a considerable amount of crop residues on the field surface
and operate within a wide range of moisture and hardness of soils of different mechanical com-
position; The blades of their working organs move in the soil layer, in which the main mass of
plant roots is located. These working conditions of soil-cultivating machines are combined with
rigid agrotechnological (initial) requirements to them [5, 6].
Thus, for shallow cultivation of soil to a depth of 8 - 16 sm, the deviation from the specified shall
not exceed = 1 sm. At least 85% of the crop residues should be left on the field surface with com-
plete cropping of the weeds. The height of the ridges and the depth of the furrows should not be
more than 6 sm. The best quality of soil treatment is obtained with its humidity (16 -21) %, which is
approximately (55 -65) % of the total field moisture capacity.
When carrying out small-scale cultivators, it is allowed to keep crop residues on the field surface up
to 55%, but the height of ridges and furrows should not be more than 4 sm.
With a deep (20 - 27 sm) loosening of the soil, deviation from a given depth is allowed no more
than * 2 sm, and the weeds must be cut completely. Stubble residues on the surface of the field
should remain at least 75%. On the leveled surface of the field, only grooves behind the struts of
working organs with a depth of not more than 8 sm are allowed. The soil should loosen mainly on
fractions from 2 to 10 sm, and the number of blocks of more than 1 sm does not exceed 20%.
After treatment with rod or rod-paw cultivators, the surface of the field should be level - ridges and
furrows not more than 4 sm, weeds are completely cut, the depth and width of the furrow behind
the ridges are not more than 4 and 7 sm, respectively.
When surface treatment of the soil with needle discs and other tools to a depth of 4 - 6 sm, the value
of individual lumps and ridges should not exceed 5 sm. To protect the soil from erosion it is im-
portant that stubble on the field surface remains at least 90% and the number of unstable wind
fractions of soil size less than 1 mm. When performing this operation, the height of the comb ridges
and the depth of the furrow grooves should not exceed 5 sm, and at least 80% of the weed seeds
should be embedded in the soil.
Working in such difficult conditions, tillage machines and soil conservation tools should ensure
not only the fulfillment of the specific agrotechnological (initial) requirements specified above, but
also reduce energy, material and financial costs. This predetermines the need for a careful choice of
the type of working bodies, justification of their geometric parameters and operating modes; ar-
rangement of working elements on the frame of the machine; basic schemes of machines and the
justification of their design and kinematic parameters. For the same reasons, the use of existing
results of theoretical and experimental research, which is the basis for the creation of conventional
tillage machines, is limited in some cases, in others it is unacceptable.

2.2. Types and parameters of operative parts of soil-cultivating machinery and tools of
soil-protecting agriculture

2.2.1. Flat-cutting paws

On re-compacted or waterlogged soils with a large number of root-off weeds with fine planar cut-
ting, it is advisable to use lance paws of small width of capture (Fig. 1). Such paws with spring
struts are installed on heavy cultivators, for example, KPE-3,8A, KTS-10-1 and KTS-10-2, etc. The
choice of the values of their optimal geometric parameters does not cause difficulties, since heavy
cultivators are subject to less stringent requirements for spraying the treated soil layer and pre-
serving crop residues on the field surface. Rational values of the geometric parameters of such
paws and spring bars are sufficiently substantiated in [13,14,19,25,45] and are given in GOST
1343-82.
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It is not recommended to use heavy cultivators with such lancet paws on soils highly susceptible to
wind erosion, as they seal up residues in the soil and spray the treated soil layer [25, 27] (Fig. 2).
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Fig. 1. Working body of heavy cultivators
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Fig. 2. Removal of erosion soil particles (<1 mm) from the surface of fields,
treated with a heavy cultivator and a flat cutter (sandy loam,t = 5 minutes, air speed 12 m/s);
1-raw stubble; 2 - flat-cutting; 3 - treatment with a heavy cultivator

In connection with this, special cultivators for small (6-8 sm) tillage - tools for preseeding
processing OP-6 were developed for tractors of different classes; OP-8; OIl-10; OP-12. They were
equipped with a lancet foot with geometric parameters of the working organs of seeder-cultivators,
but with a width up to 330 mm. The justification of its parameters and the type of suspension will
be given in the section of sowing machines.

The most fully satisfies the conditions of work and specific requirements for the planning of soils, a
wide-cut planar paw, which consists of two dihedral wedges placed at an angle to the direction of
movement in the plane, having a common edge obtained by crossing two planes (knives) (Figure
3). The transverse profile of the working surfaces of the knife paws can be flat or curved. The main
geometric parameters of such paws are: the angle between the installed knife and the bottom of the



Cambridge Open Monographs
Machinery and Tools of Soil-Protecting Agriculture: Theory and Designing...
Gribanovsky et al. , © 2019

furrow a, lying in a plane perpendicular to its blade; height of soil formation - h; width of the knife

- (1), angle of the blade solution - 2y; the radius of curvature of the working surface of the knife is

7 and the width of the grip is 2b * Geometrical parameters of the paw are interconnected by de-
pendencies

sina =%; (1)
tga, =tgasiny, 2)

and in the case when the transverse profile of the section of the working surface of the knife has a
curved (convex) shape [7, 8]

©)

Fig. 3. Basic geometric parameters of the flat-paw

Based on the correlation-regressive analysis of the experimental data obtained in the most char-
acteristic conditions of the operation of plane cutters, the influence of each geometric parameter
and the speed of the flat-topped paws on the quality indicators of their work and traction resistance
is given. It was found that the stubble conservation on the surface of the field and the spraying of
the treated soil layer depend more on the speed of movement (the coefficients of pair correlation
are respectively equal to (-0,623 and 0,446), the height of the formation (-0,357 and 0,252), the
angle of inclination of the knife to the bottom furrows (-0,357 and 0,421), the angle of the paw
solution (-0,159 and 0,154), and to a lesser extent depend on the radius of curvature (-0,0118 and
-0,032) and the blade width (0,082 and 0,0209). The largest positive correlation is observed be-
tween the traction resistance of the flat-topped paw and the speed of its movement (the coefficient
of pair correlation is 0,541), the height of the rise of the formation (0,211) and the angle of the knife
setting relative to the furrow bottom (0,531). An inverse correlation is observed between the drag
force of the paw and the radius of curvature of the cross section of the profile of the working surface
of the knife and its width (-0,137-0,248).

The rationale for the optimal values of these geometric parameters and modes of operation of
wide-cut planar paws has not received due attention until recently. Their choice was carried out on
the basis of the results of theoretical and experimental studies carried out in substantiating the
parameters of passive working elements based on the trihedral wedge used on machines for dum-
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ping soil. Comparing the goals of these studies, the methodology and the conditions of their car-
rying out with specific agrotechnological (initial) requirements and operating conditions of
flat-bottom cultivators, it can be stated that the geometric parameters of the paw are optimized
mainly from the condition of ensuring minimum traction resistance.

Observations of the operation of flat-topped paws in the field showed that the maximum amount of
crop residues on the field surface can be kept and the soil can only be minimized by spraying the
parameters and regimes of the soil with the least soil unloading (loading is the ratio of the actual
mass of the soil to the knife to the theoretical one). In the future, this was confirmed experim-
entally - the correlation coefficient between soil piling and stubble conservation is -0,89, and be-
tween loading and spraying of the treated soil layer +0,85 [7,8]. The difference in the amount of
actual soil mass on the knife and the theoretical is explained by the fact that as the angle of inclinat-
ion to the bottom of the groove of the working surface of the paw, its length and the height of the
formation increases, the relative velocity of soil movement along the working surface (v,.) de-
creases in comparison with the translational velocity of the paw (v,,) and reaches a value at which
the soil begins to accumulate on the knife (Fig. 4).It has been proved [7,8] that theoretically and
experimentally the soil loading can be quantitatively estimated by a coefficient equal to the ratio

U/ V.

Z
<
h &\ '.{}" Yy A a
1 S % 5 > X

Fig. 4. Soil immersion by labour body

In order for the paw to not unload the soil, the cut under it should create the necessary support (Q),
ensuring the movement of the soil along the working surface. The direction of the support was
taken parallel to the working surface of the paw, and its magnitude was determined by the formula

Q=a b oc, 4)

where:a — depth of loosening;
b - the width of the claw;
O - Ultimate resistance of the soil to compression.

However, studies [9, 29] have established that the stress on soil compression in the cross-section of
the undercut is distributed unevenly: the smallest stress will be at the boundary with the working
surface of the paw and on the surface, and the maximum on 0,25a of the working surface. Since
the movement of the element of the soil layer takes place in the direction of absolute velocity, the
(v,)cross-sectional area on which the element is supported will increase by 1/cos p,. The equal
force of the backwater (the reaction of the undeformed soil) is rejected (Fig. 5) from the normal to
v, Ha ythe inner friction head ¢, and for the paw with 2y =180° is equal to

Quy = 0,5+ b+ 0 / €08 pg COS 1, ©)

and for the paw with 2y #180°
Q. =05-a-b"- 0. /cosp, cose,siny, (6)
where:a'-is the actual cutting angle of the flat-paw, the formula for which will be given below.
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/T

Fig. 5. The support created by the undeformed soil lying ahead of the labour body

Increase the amount of backwater, depending mainly on the physical and mechanical properties of
the soil and the specified depth of loosening, is not possible. Therefore, to ensure the movement of
the soil along the working surface without reloading, one should strive either to reduce the angle of
inclination of the knife to the bottom of the furrow or the height of the rise of the formation, or to
reduce the mass of soil on the knife by reducing its length (width). The phenomenon of unloading
was not taken into account when justifying the optimal values of the geometric parameters of the
working organs of tillers, since in some cases this is not a determining condition (for example,
when the soil is treated to a depth of more than 20 sm), in others - they were not subjected to
stringent requirements for spraying the treated layer soil and the conservation of crop residues on
the surface of the field. Consequently, the optimal values of the geometric parameters of the
flat-topped paws and their operating modes should be selected from the condition that they ensure
a minimum soil unloading.

The working conditions of tillage machines and soil farming tools are characterized by the fact that
they must work both at low (pre-sowing treatment, cultivation of stubble fallow land), and with
increased hardness of soils (treatment of plowland and a layer of perennial grasses). Therefore, the
geometric parameters of the planar paws and the weight of the machine must ensure that it is well
recessed. The latter can be increased with ballast if the mass of the vehicle is insufficient. But this is
an extreme measure, which leads to unnecessary energy costs and complicates the operation of the
machine. Therefore, the optimal values of the geometric parameters of the flat-topped paws, found
by the criterion of minimum soil unloading, must be linked with the condition of ensuring the best
reclamation.

The deepening capacity of labour organs (n°) in agricultural mechanics is usually characterized by
the ratio of vertical R, to horizontal (R, ) the components of the total resistance acting on the part
of the soil when moving them.

The methodological foundations of the definition R,and R, are sufficiently reflected in the existing
literature. However, the special conditions for the operation of flat-topped paws and the agro-
technological (initial) requirements to them predetermine the need for some refinement. The de-
pendences proposed by the researchers for determining R,and R, sharply differing from each
other, which is explained not only by the different views of the authors on the prevailing form of
soil deformation under the influence of the labour organ and the complexity of the processes oc-
curring in this process, but also by the fact that some of them take the cutting angle of the trihedral
wedge equal to the setting angle its working surface to the bottom of the furrow -a, and the others
to the angle a,lying in the longitudinal-vertical plane. Actually, the actual cutting angle (a’) only
lies within these limits. Its magnitude is determined by the direction of the relative velocity of soil
movement along the working surface of the knife. Practice confirms that the direction of move-
ment of soil along the knife does not coincide with the direction of movement of the paw, nor with
the direction perpendicular to its blade.

‘When the component of the soil resistance is found by the inertia of the formation, the value of the
absolute velocity of the formation movement was determined on the basis of the condition of
equality of its translational and relative rates of soil movement along the working surface, that is,
under the condition of motion of an absolutely incompressible elastic bed. In the real condi-
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tions|v,| # |v,|. In this connection, it is proposed to find the formula for determining the com-
ponent of the traction resistance of the working member due to the inertia force from the following
considerations [7, §].

To determine the magnitude and direction of the force Fg; acting on the flat-cut foot with
2y=180°at the time of changing the direction of movement of the soil layer, depending on the angle
of inclination of the knife to the bottom of the furrow, we use the Euler theorem. Let the paw move
with speed v,and cuts a layer of soil with thickness aand widths b(a x b) (Fig. 6). Then the paw
can be regarded as fixed, on which the bed of the soil runs, changing its direction and, possibly, the
speed of movement from |v,| xo |v,.|. Moreover |v,| < |vy,], the thickness of the layer increases.
The reasons for this are forces opposing the movement of the soil layer up the working surface of
the knife (the forces of external and internal friction, the component of gravity). Suppose that in
section 1-1 the thickness of the soil layer is equala, and in the cross section 2-2 is a,. With the
steady movement of the soil along the working surface of the paw, the soil masses traveled per unit
time through sections 1-1 and 2-2 must be equal to the soil masses, otherwise there will be conti-
nuous accumulation of the soil. Therefore, myv,, = m,v, = M, or abpv, = a;bpv, = M, ,

whereM, — the secund soil mass; p - the soil density.

Fig. 6. The magnitude and direction of the force Pacting on the paw from the side of the soil
layer when the direction of its movement changes.

By Euler's theorem, the change in the second momentum is equal to the sum of the external (vo-
lume and surface) forces acting on the flow

F06 + Fnos = M.U — MUy, (7

Let us assume that the length of the arc 1-2, on which the moving soil layer changes its momentum,
is small. Consequently, the mass of this volume of soil is small and Fos = 0. Thus E,,, ~ M, (¥, —
v,). Since U, = ¥y, + U, thus F,,; = M, - 7,, a |v,| (see Fig. 4) is determined from formula

[val = [vn] sin g / cos(pa, — o) ®)

With some assumption it can be assumed that |F}| = |F,;|, then

.
[Fil=a b-p: s ©)

cos(pay—ao)

In the special case, when |v,| = |v,| and ps, = a(/2, i.e. when moving of an incompressible

elastic bed of soil, we obtain the well-known formula |[E¥| =2-a-b-p-visina,/ 2.
For a flat-paw with 2y #180° and the actual cutting angle a’, which lies within @, < a' < ay,
formula 9 takes the form of

u| _ ab’p(p)?sina 'siny
|FIZ'| ~ cos(pgr—a’)sin?(ex+y),’ (10

where:e, - is the projection of the relative travel speed deviation of angle
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of soil along the knife of the paw from the direction of its movement ¢ to the horizontal plane (Fig.
7).
The value of the angle ¢, is found from

&, = [arctg(ctgd cosay)] — v, (11)

where:§ - is the angle characterizing the deviation of the relative velocity of soil movement along the
working surface of the paw knife from the perpendicular to its blade.

~X

.
E

Fig. 7. To the analysis of the work of the flat-paw (2y #180°)

To determine the calculated values of the angle &, as well as the angle p,,, characterizing the di-
rection of the absolute velocity of soil movement under the influence of the knife of the paw (see
Fig. 7), the following relationships are proposed:

tgd = ! ctgy cos ag + ———=sin a, ctgy X
L+ f L+ f
1
Eaq 8%+ Kag—Day (antga0+ KaO—DaO)Z _ Eag+ Dagteao|?( (12)
2Kq,tgao 2Kq,tgag Kaqtgao

2
Eqotgao+ Kgo—D Egotgao+ Koo —D
pa,(1,2) = arctg{ — w0 FaoPag 4 [( 20'B%0+ Ko “O) _

2Ka0tga’0 ZKaOtgaO
1
_ Egyt Daotgao]Z (13)
Kaotgao
where:

Eq, = Ag, + Bg, sin(ag + ¢1) — Cq,cos (ag + ¢1);

Ko, = —Bg, cos (ag + ¢1) — Cy sin (ag + ¢1)

B _ 0.5'a'b*acx<(f1+f).

ap siny cos ¢,
0,5a'b" 0y .

% sinycos¢,’

Dg, = [ab*p (9;)* sina] - siny;
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b*o, _
Ay, = Si:ys—;g% [(f1 + f)sin (g + 9,10) — cos(ag + 90,0)]+
b*
+alpg (siny —051lctg /3) [(fi + f)cosay + sina,y] +

+ap (v)?*(fy + f)b* sinag siny;

where: f, f1 ¢, @4-respectively, the coefficients and angles of external and internal friction of the
soil;

Ocxo Oy, - SOIl resistance to compression and shear;

g - acceleration of gravity;
p - density of soil;
84,- the shear angle of the formation element, which is found from the known re-

lationship 6, = % - w;
B - the angle of the cutter's knife and § = arctg (tgy/ cos ay).

1Y
5 N
< N
50 \
\\? -j(&
40 7T R o ==
A nd S 2
: s N
30 S
\\‘
20
0

20 30 40 507 grad.
9% 3 2 3y,

—— - design;
——— - experimental, obtained in soil channel,
— -——experimental, obtained in the field

Fig. 8. The dependence of the angle 6 on the angle of the paw solution
and its velocity translational motion - for § = f(y): a =6 sm, v =2,1 m/s, ay=25°;
for &8=f(vp): 2y=180°, ag=25°, h=35 mm.

The reliability of the proposed dependence (12) was confirmed experimentally (Fig. 8): & = f(y)
and § = f(vy,). In the field, the experimental values § = f(y) differ slightly from the calculated
values, which is apparently due to the presence of plant roots in the treated soil layer and the worst
conditions for their descent from the knife-blade blades.

The experimental verification of the dependence for the determination of the angle p,, was
made indirectly through an angle v, since there is a relationship between them (see Fig. 4)

Y = Pa, — Ao, Y =ay— Pay,-

13
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From Fig. 9 is seen that the dependence (13) in comparison with those proposed by other re-

searchers is more in line with the experimental data.
Formulas (12) and (13) allow us to derive a relationship for determining the relative rate of soil

movement along the working surface of the knife of the paw

. _ vy COSY 2.2 2 . 2 ]E
v m—— (A + £)2tg?y + f2(cos o + tgpy, sinag)” |,

and, consequently, a formula for finding the coefficient of soil unloading by a planar paw

(fL + f)(cos @y + tg pg, Sin ao) (14)

1
2

k, =

[sinzy(fl + )2 + f cos?y (cos ag + tg pg, sin a0)2 ]
For a paw with an angle 2y = 180° this formula takes the form of
kg, = cosag + sinag tg pg, (15)

and it will be possible to determine the effect of Tonly the angle of inclination of the working sur-
face of the knife relative to the bottom of the furrow on soil unloading.
The results of calculated and experimental values of the coefficients of soil unloading as a function

of the angle of inclination of the blade knife k., = f(a,), the angle of the solutionk, = f(y) and
the speed of its movement k, = f (v, )are shown in Figures 10, 11 and 12, respectively.

The actual cutting angle of the plane-cut paws is determined by the ratio
1

tga’' = sina, [(#) ctg? y(cos ag + tg pg, sin a0)2 + cos? - ao] *(16)

14
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%
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Fig. 10. Soil loading depending on the angle of
inclination of the paw knife relative to the
bottom of the furrow (a=6 sm, v;, = 0,8 m/s)
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3-x—x-3 — experimental; [ - const
2-¢-¢-2 — the estimated, h
4 - - -4 — experimental. - const
A 3 Fig. 11. Soil pumping with the paw, depending on
. 4 the angle of its solution (a= 6 sm;
21 ¥ v =2,1 m/s).
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RN g 1 —-x —x-1 — experimental (soil channel);
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Taking into account the coefficient of soil unloading by the planar paw, its actual cutting angle at
2y # 180°, and also assuming that the resistance of the rack can be neglected, since its thickness is
1 - 3% of the width of the claw of the paw and it works in the loosened layer of the soil, the hori-
zontal and vertical components of the total soil resistance of the paw it is proposed to determine by
the formulas:

R, = ib"q(1 + ctgy tg ) + L INErOsEty) {0’5 Qo sin(@+ 91~ Pay)

cos@siny COS Pg, COS Q1 Siny

o sin(a’+6 )

*\2 o I o3
+lquy>< (L_O,Slctgﬁ) COS(I'-i-p(Un) sina smy}; (17)

sin@ s siny siny b* sin2(ex+ )
ab*sin(a’ + 0,50.sin(a’"+¢' —p,) o sin(a’ +0,
R,, = ( (P){ oK ' @) | ca t ( " Ya ) n lquyx
cos ¢ COS Pg, COS @y Siny sin B, siny
1 05lctg ,B) , . p(wp)?sina’ sin y}
X (Siny —— ) X cosa + ey ) (18)

where: i — knife blade thickness;

n—(a'+p+¢
Qal = —( > ’),

q - specific soil resistance to the introduction of the paw blade;

[ - the length of the knife blade.

At 2y=180°, formulas 17 and 18 are transformed into dependencies that allow one to analyze the
influence of the angle of inclination of the knife relative to the furrow bottom on Ry, and R, ,
therefore if y= 90°, then a’ = ag;ctgy = 0; &,=0; siny = 1; k, = kg,

For the operation of flat-cutting tools at speeds up to 12 km / h, the values of the geometric pa-
rameters of the feet should lie within the following limits: the angle between the knife and the
bottom of the groove is 22 - 27 °, the angle of the groove is 60 - 80°, the height of the formation is 25
- 35 mm, the width of the knife 75 - 80 mm, the shape of the working surface is rectilinear (the
radius of the transverse profile of the knife is equal to infinity).

Increasing the width of the claws helps improve the quality of their work, since with a smaller
number of racks per 1 m of gripper, more remains on the surface of the field of stubble residues and
less sprayed the treated soil layer. However, with an increase in the width of the claw, its deeper
ability decreases, which follows from an analysis of the relationship between R,,/R,, the results
of the experiment (Table 1).

Analysis of the data of Table 1 shows that the paws, having a working width of 700 - 1100 mm,
satisfy the agrotechnological (initial) requirements for stubble conservation on the field surface and
have sufficient deepening ability. When carrying out certain technological operations, for example,
during pre-sowing treatment, when the soil moisture content is high and the field surface is rapidly
covered by shoots, the width of the claw grip can be reduced to 300-500 mm.

Table 1 - Influence of the width of the capture of flat-topped paws on stubble conservation and
strength characteristics

Width of The amount of stubble on the Percent of Indicators of power
capture surface of the field, pcs / sq. m preservation characteristics
of of
paws, before after stubbles on
2 b*, mm passage passage the surface of Ry xH Ryz,xH Ryz/R
the field
500 154 +5 100 + 3 65,0 0,76 0,44 0,58
760 254 +7 18445 72,5 1,0 0,54 0,54

16
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1100 214+ 6 167+4 79,3 1,14 0,58 0,51
1400 21047 181 +5 86,2 1,43 0,64 0,45

The cut-off paw (Fig. 13), having the values of the above-mentioned geometric parameters, was
installed on: KPN-4, KPSh-5, KPSh-9, KPSh-11 flat-top cultivators; tools for the non-perforated
treatment of a layer of perennial grasses -OPT-3-5; flat-cutting cutters PSh-3 and PSh-5; universal
soil-cultivating tools YPO-4.

B-B - rotated
M1

Fig. 13. The working body of KPN-4,
KPSH-5, KPSh-9, KPSh-11, OPT-3-5flat-top
cultivators, PSh-3, PSH-5and YPO-4 slitting

cutters

The working conditions of machines when processing soils without a turn of the formation to a
depth of 20 - 27 sm are slightly different from the working conditions of flat-top cutters intended for
small (8 - 16 sm) loosening of soils. Thus, a large depth of loosening provides sufficient soil sup-
port, necessary to move the paw of the cut formation without reloading and completely cutting the
roots of weed plants with knife blades. This allows to increase the angle of the paw solution
without any detriment to the quality of the work. To the deep loosers, there is an increased re-
quirement to ensure a sufficient degree of crumbling of the crop undercut by a considerable
thickness of soil, which determines the need to increase or increase the height of the bed of the paw
or the angle of inclination of the knife. In addition, the large energy intensity of the process of deep
loosening of the soil without turnover of the bed predetermines the need to create a sufficiently
robust construction of the feet of the deep loosener, which is most easily achieved with a large
angle of the paw solution and the height of the formation. Therefore, when choosing the optimal
values of the basic geometric parameters of the paws for the deep loosener, the loading pheno-
menon is not taken into account, and they are selected from the condition of ensuring a sufficient
degree of crumbling of the soil, minimum traction resistance and best burying ability.
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Fig. 14. Labour body of flat-cutting planers KPG-250,
KPG-250A, PG-3-5, PG-3-100 and universal tillage tool YPO-4

Proceeding from this, the following values of their geometric parameters must be taken for the
paws of the deep loosener: the angle of the paw solution is 100°, the pitch of the ploughshare is 25°
relative to the bottom of the furrow, the height of the formation is 65 mm, and the blade width is
155 mm [33]. The construction of such a paw is shown in Fig. 14 and is used on flat plows-deep
loosersPG-3-5, KPG-250A and PG-3-100, as well as on flat-top fertilizer plows KPG-2,2 and GYN-4
and on universal soil-cultivating toolsYPO-4.

To calculate the traction resistance of the flat-groove paw of the deep plow, the relation [30,33] is
derived:

Ryx = RS + RE® + RiP + RJ* + nRS, (19)

where: R, Rfcleq’, R;p, R3%® - horizontal components of the forces of resistance, due to the stable,
deformation of the formation, separation, transportation of the formation along the working sur-
face of the knife, introduction of blades into the soil;

RS- horizontal component of the resistance force of destruction of the soil in the lateral limits
of the furrow (capture of the paw);
n — an indicator that takes into account working conditions (when n = 2 unfree working condi-
tions, n =1 semi free and n = 0 free working conditions).
Analytic determination of the magnitude of the components of the soil resistance forces to a flat
three-edged wedge with sufficient support and without taking into account soil unloading does not
cause difficulties. The dependencies for their determination have already been derived [30].
To determine the RS the dependence is proposed,

3p0Tp A

RS =016 7-a3p |ctg? ¥ +
x woatp (ctgt ¥+ ——

tg(ao + @), (20)

where: ¥— angle of formation separation in the lateral plane;
Oorp - temporary resistance of soil to tearing;
a — is the depth of loosening of the soil;

18
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A — coefficient of proportionality, depending on the angle of separation of the formation in the
lateral plane, and is found by the formula:

A=cos ¥ictg # (0,71 ctg ¥ + (21)

arcsin,/1 — 0,5 ctg? ¥
J1—0,5ctg?z¥ '

Values A, calculated by this formula for different values ¥;(35°, 40°, 45°, 50°, 55°u 60°), are equal,
respectively: 2,34; 1,73; 1,25; 0,93; 0,68; 0,49.

The strength of the lateral resistance in an explicit form depends on the depth of loosening in the
cube (see formula 20) and does not depend on the width of the claw.

At a constant depth of loosening Réremains constant throughout the entire range of variation of
the width of the claw (400 - 1600 mm), and the specific weight of the lateral force in the total vo-
lume of its resistance decreases with increasing capture width, which is advantageous from the
point of view of energy expenditure. However, an increase in the width of the clamping of the paw,
as indicated above, leads to a decrease in the penetrating ability of the paw.

When designing planar cutter-deep plows to determine their traction resistance, it is expedient to
use the rational formula of Academician Goryachkin V.P., having determined from the results of
their testsin different regions of the country for the main types of work the averaged values of the
coefficients included in kue

As a result of long-term tests of flat-cutting plows with the same working organs, a large amount of
experimental material has been accumulated on machine testing stations located in different soil
and climatic conditions according to their specific traction resistance, depending on the type of
work, soil type, physical condition, depth of loosening and speed. These data determine the coef-
ficients k and & rational formula of Academician Goryachkin V.P.

Analysis of the averaged values of the indicators characterizing the working conditions of
flat-cutting planers in the areas of activity of different MIS over a 10-year period shows that in the 0
- 30 sm layer soil moisture (carbonate chernozems) was significantly higher in steam treatment
than in the fall (55,4 - 81,7)% and (13,9 - 72,0)% of PPV, and the hardness is accordingly lower
(0,03 - 3,67) and (0,14 - 4,17) MPa.

The material consumption of flat-top cutters at 1 m of the width of the gripper ranges from 226,2 to
343,4 kg. Therefore, in order to calculate the traction resistance of these guns at 1 m of their capture
width, the average value of their material capacity can be taken as 270 kg/m.

Specific tractive resistance of flat-top cutters with steam processing (curve 1) and autumn plowing
(curve 2) at depths of 15 - 20 sm (average for calculation of 17,5 sm), 20 - 25 sm (average for cal-
culating 22,5 sm) and 25 - 30sm (average for the calculation of 27,5sm) depending on the speed of
movement is shown in Fig. 15.

These dependences are based on the averaged data of the specific traction resistances, the values of
which were in the intervals of velocities from 1,4- 1,5m/s, 1,5- 1,6 m/s, etc., up to 2,9 -3, 0 m/s
for each depth of loosening. In each interval of the depth of loosening and speed, the averaged
point plotted on the graph was determined by not less than five values of the specific traction re-
sistance. When processing steam and fallow at a depth of 17,5 sm, specific traction with increasing
speed increases more intensively than at depths of 22,5 and 27,5 sm.

This is explained, in all probability, by the large expenditure of energy on the rejection of the small
thickness of the undercut soil, rather than on its deformation. With an increase in the thickness of
the crop undercut without a turn of the bed, the spread of the soil by the working organs decreases,
but the energy expenditure on its deformation increases. In this case, the difference between the
values of the specific traction resistances during the processing of steam and fallow at a depth of
17,5 sm reaches a significant value. When processing steam and fallow for a great depth, this dif-
ference decreases, and at a processing depth of 27,5 sm reaches the smallest value. This regularity
is explained by the fact that according to the accepted technology of processing pure stubble steam
in these zones, several of its first treatments are carried out to a depth of 8 - 14 sm and only the last
one - to a depth of more than 20 sm. In this regard, the hardness of the soil in the 20 - 30 sm layer
the steam and the fall-out become almost the same.
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Fig. 15. Specific tractive resistance of flat-top cutters-deep-loosers when processing steam
and autumn plow at a depth of 17,5; 22,5 and 27,5sm (1,2 - MPA, 3,4 - kN/m)

Knowing the average specific traction resistance in the processing of steam and autumn plowing at
different mean depths of loosening by deep-ripper plows for operating speed values with an interval
of 0,2 m/s, the values of specific traction resistances per 1 m of the tool grip width (see Fig. 15,
curves 3, 4). These graphical dependencies of the specific traction resistance on 1 m of the width of
the tool grip on the speed of motion were approximated by the rational formula of Academician
Goryachkin V.P. [12].

The valuesof the coefficients k and ¢ for each of the average calculated depths of loosening and the
type of soil cultivation were the least squares method (Table 2). The difference between the expe-
rimental values of the specific resistance of flat-ripper-deep loosers per 1 m of the capture width
and the calculated values found by the rational formula of Academician Goryachkin V.P. with the
values of the coefficients k ande given in Table 2 does not exceed 5%.

Table 2 - Values of the coefficients k and € for determining the traction resistance of the plan-
ter-deep ripper according to the rational formula of Academician Goryachkin V.P.

Depth of loo- Type of treatment k,H/m? g, Hs*/m*
sening, sm of soil
17,5 fallow 1240,46 6182,90
22,5 =//= 23849,90 2900,00
27,5 =//= 20536,10 4031,56
17,5 autumn-plowed 5198,30 6771,70
22,5 =//= 25918,70 2933,90
27,5 =//= 21175,60 4156,40
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Analysis of the values of the coefficients k and & shows that when processing steam and fallow at a
depth of 17,5 sm, the value of the coefficient ¢, taking into account the influence of the speed of
movement on soil resistance is much larger than k due to deformation of the soil formation. When
the soil is treated to a depth of 22,5 sm and 27,5 sm, on the contrary, k is greater ethan, as indicated
above, a more intensive increase in the specific traction resistance with increasing speed of the unit
at a shallow depth of loosening.

2.2.2. Chisel operative tools

In recent years, world-wide practice has been widely used in the cultivation of chisel type tillers.
This is due to the fact that their use can reduce excessive soil compaction and increase its infiltra-
tion and erosion properties, as well as reduce fuel costs when replacing plowing plowing.
Agrotechnological (initial) requirements envisage the creation of chisel plows as universal ma-
chines operating in a wide range of loosening depths (20 - 45 sm), widths of traces (30, 40 and 50
sm) and which can be equipped with other types of working tools.

The working body of the chisel plow is a straight or curved stand with a removable tool, and
sometimes with a pointed paw. The quality and energy intensity of the loosening of the soil by the
chisel working organ mainly depend on the parameters of the nosepiece and the post [20,21].

The nosepiece acts on the soil layer similarly to the dihedral wedge. At the same time, the front
working elements operate in conditions of blocked cutting. The profile of the loosening zone of the
soil by the chisel working organs in the transverse-vertical plane is shown in Fig. 16. Qualitative
loosening with the lowest energy costs occurs under the condition that the given working depth H
does not exceed the value of the so-called critical cutting depth H,,. Otherwise, the zone of de-
formation of the soil decreases, and the energy intensity of the process increases.

Fig. 16. The profile of the loosening zone of the soil by the working
Bodiesof chisel plow

The working element, moving below the critical depth of cut, creates an additional soil compac-
tion. Therefore, to ensure high-quality soil cultivation with a minimum of energy consumption, the
parameters of the chisel organ are chosen such that the required depth of loosening does not exceed
the critical depth of cutting, which is the boundary of the transition zones of the cutting process
with the separation of the chips when the soil is crushed by the nosepiece.

At this depth, the resistance of the soil to the separation of the elements of the formation is equal to
the resistance of the soil to crushing. Assuming that separation of the chips under the influence of a
dihedral wedge at a greater depth of cutting occurs by separation, the dependence of the critical
cutting depth on the physico-mechanical properties of the soil and on the parameters of the nose-
piece is found.

When the chisel working element is operating in the soil monolith, the resistance of the formation
to the detachment of the doctor under the condition of a maximum of normal stresses is deter-
mined by the dependence [20, 21]

_ 200y kH (b+0,5mkH + 2a)
B sin@ + pcos6

: (22)

Xr

where:o,,, — temporary soil resistance to stretching;
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H — depth of loosening;

b— width of wedge;

a —the length of the path traversed by the wedge until the moment of detachment of the element of
the soil;

60— the angle of inclination of the resultant forces of soil resistance to the horizon;

1 — Poisson's ratio (0,30 - 0,35);

k = (H-h) /h=0,70-0,87 — coefficient characterizing the ratio of the depth of the zone of clea-
vage of the soil to the depth of the wedge;

h — the minimum height of the wedge lift, necessary for chipping the soil with a thickness equal to
the depth of loosening H.

The strike angle | of the formation in the longitudinal and lateral sections, in which the maximum
normal stresses are observed, can roughly be assumed equal to 45°.

The resistance of the soil to wedge crushing is determined by the equation

R,=bhT, (23)
where:T — specific resistance to crushing.

For approximate calculations, the value Tcan be taken from a solidogram recorded using a stand-
ard technique using a hardness meter.

Equating the forces of resistance to the crushing and tearing of the seam of the soil with a dihedral
wedge and substituting the valuea = H(1 + ctg ) and

h = Hq (1 - kgox), as well = 0,33 andkg,, = 0,8, found

b0 (1+3tgy) T/opr| — 2,5
er = 4,2 + ctg B ’

(24)

where: [ — angle of crumbling of nosepiece.

From this equation it can be seen that the critical depth of processing is directly proportional to the
width of the nosepiece and the ratio T/d,,p,, characterizing the mechanical properties of the soil.
For dry solid soils, the critical depth of cut is greater than for loose ones.

Fig. 17 shows the dependence of the critical depth of loosening on the angle of crumbling and the
width of the nosepiece, obtained with the value of the angle of cleavage of the soil

p="-B-9),

where: ¢ — angle of soil friction against steel.
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Fig. 17. Critical depth of loosening depending on the angle of crumbling
and the width of the handle of the chisel working organ

The highest values of H,,- at #= 20 - 30° Obviously, this value of the cutting angle of the nosepiece
will be optimal from the point of view of the complete loosening of the formation.
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For a given value of the depth of processing using formula (24), can be determined the optimal
width of the nosepiece - b. Taking a ratio T /og,p,equal to an average of 125 for a processing depth
of 20 and 40 sm, we obtain the optimal width of the doctor, corresponding to 30-40 and 40-60 mm.
One of the main indicators of the quality of soil cultivation by chisel tools is the depthH,of the
continuous processing of the upper layer (see Fig. 16). This indicator determines the stable work
for the operations of presowing soil preparation and sowing. The value of H; mainly depends on
the total depth of loosening and the distance between the traces of the chisel working tools. The
minimum depth of loosening should be no less than the depth of the presowing soil treatments (12
- 14 sm).
The calculated width of the in-between can be determined from equation

B =2 (kH — Hy)ctg. (25)

Fig. 18 shows the calculated and experimental values of the thickness of the H;loosened layer as a
function of the width of the intersection at different depths of treatmentH. With a 30-40 sm inter-
crossing, the thickness of the loosened top layer is in the range 16 - 20 sm, and with an increase in
the cross-section over 40 sm it decreases to 5 - 10 sm.
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Fig.18. The thickness of the loosened layer of soil by the chisel working organ H,, depending on
the width of the interfacial and the depth of treatment: 1,2-H =40 sm; 3 - H = 30 sm; 4- H = 25 sm;
1,3,4 - experimental, 2-computed (width of the nosepiece 70 mm)

The tractive resistance of the chisel working tools operating in semi-free cu