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Onucano mamemamurny mooeo 011 6U3-
HAueHHs. Hanpydcens, AKi GUHUKAIOMb 6 ePYH-
mi nio enaueom xauna. Ompumano 3anexncHo-
cmi, 3a 00nOMO02010 AKUX 0N Pi3HOT 2AuOU-
HU 06po0IiMKY i noka3nuKie Miunocmi epynmy 6
3anescHocmi 6i0 3a0anux napamempisé AKocmi
npo6edeHHs Onepayiil MOXNCHA BUSHAMUMU HeOO -
xionuil kym xpuwenns. Ompumani 3anexncHo-
cmi 00360JIUNU BUHAMUMU nApaMempu OUHA-
MIMHUX CUCmeM, AKI CNPUsiioms 3HUNCEHHIO iX
eHepzoEMHOCI, NIOBUWEHHIO AKICHUX NOKA3HU-
Ki6 poGomu i cmeopeniio ymoe 01 nioeuuens
npooyxmuerocmi azpezamie

Kntouosi cnoea: xaun, epynm, memoo éapi-
auiiinozo obuucIenns, naacm rpyHmy, 3pue,
CKOII08AHHSA, 3PYUEHHS, KPUUEHHS, 00I0MO,
yuzenvHull podouUil opean

=, ]

Onucana mamemamuueckas mooeno 0Js
onpedenenus HanpsiceHuil, KOmopvie 603-
HuKarom 6 nouge no0 6o3delucmeuem KauHa.
Honyuenv: 3a6ucumocmu, ¢ nomowpro Komo-
PolX 014 pa3Holl eayounvl 00padomxu u npou-
HOCMHbBIX noKazameJeii no4esvt 8 3a6UCUMOCHIU
om 3A0aHHbIX NAPAMEmpPos Kauecmea npose-
denus onepauuu MojNcHO onpedeumv He06X0-
Qumviii yeon kpowenus. Ionyuennvte 3aéucu-
MOCmuU no0360UNU ONpedesums napamempol
Junamumeckux cucmem, Komopwie Cnocoocmay-
10M CHUIMCEHUIO UX IHEP20eMKOCHU, NOBblule-
HUI0 KawecmeeHHbIX noxazameei padomvl u
€030anul0 YCao6ull 0sl NOBLIMEHUS NPOU3BO-
dumenvHocmu azpezamos

Knioueswvie cnoga: xaun, nousa, memoo
8aAPUAUUOHHO20 UCHUCTCHUS, NIACHM NOUEDL,
Cpois, cKanviéanue, c0euz, Kpoutenue, 000mMo,
yuzeabHLLL padouuil opean

o o

1. Introduction

In the course of mechanized treatment, working bodies of
agricultural machines and tools act on soil thus contributing
to changing its structural condition [1, 2]. For simplification of
the study of physical essence of the process of action of working
body on sail, [3] proposes to consider working body as a simple
wedge or totality of the set of simple wedges. The history of
development of the study on the work of a wedge was examined
in the context of general theory of cutting materials.

Ref. [3] divided the process of forming a layer of soil, sep-
arated by wedge, into two phases: the first one is the crum-
pling and compaction of the undercut layer of soil; the second
one is the shift of this layer. Analysis of results of the studies
established that separation of the layer of soil from a mono-
lith occurs by shift or separation depending on physical-
mechanical properties of cultivated soils.

The described model of physical essence of the process of
interaction between wedge and soil is widely used in practice
for solving many problems on the substantiation of parameters
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of the soil-cultivating working bodies. However, the physical
essence of the processes, which occur under the action of wedge
in a separated layer of soil, has been examined insufficiently. By
the summary of studies [3], this is caused by specific character
of the process of interaction between soil and wedge, which is
accompanied by deformation of the layer. The latter fact is the
“basic obstacle for any kind of theoretical studies” [3].

A study of the technique of constructing a mathematical
model, which will describe physical processes of crushing
a layer of soil by a wedge, may be used for finding rational
angles of crushing of the working bodies depending on me-
chanical properties of soil and depth of its cultivation, it will
make it possible to increase the quality of work of agricultur-
al machines, which is a relevant and promising task.

2. Literature review and problem statement

Based on the analysis [4—9] of results of numerous ex-
periments, it was established that for the cohesive soils the




separation of layer of soil by a wedge from its main mass
occurs by its ripping. For describing physical essence of the
phenomenon, we will use hypothesis about separation of
the undercut layer of soil by a wedge by its bending. In this
case, soil in the course of simulation will be considered as
homogeneous medium with equal strength properties in
its entire volume, exposed to the action of wedge, but with
different mechanical characteristics at compression and
under tension.

The values of maximum allowable stress are deter-
mined by original properties of the treated soil [10, 11].
For the loosely compacted or previously treated soils, the
values of maximum allowable stress are insignificant and
the process of separation of the layer of soil occurs with
a smaller effort of bending. Normal and shearing stresses
that occur in the layer of soil at bending depend on the
ratio between length and thickness of the treated layer of
soil. With the increase in this ratio, the values of shearing
stresses are reduced and of those normal — grow. There-
fore, it is possible to make a conclusion that the length of
the formed layer of soil is relatively small for the loosely
compacted soils and the soils with relatively low maximum
allowable stress. In this case, predominant stresses in soil
are the shearing stresses. As a consequence, the process of
separation of the layer of soil occurs by the shift [9, 12]. In
the cohesive soils with relatively large maximum permissi-
ble values of stress, destruction occurs at the larger values
of bending, i.e., at a large length of the separated layer
of soil. Predominant in that case are the normal stresses
and separation of the layer of soil is performed due to its
ripping from the bulk. The accepted hypothesis [11] of
physical model of the destruction of soil under the action
of wedge rather well agrees with the results of numerous
studies. Furthermore, this hypothesis makes it possible to
consider that the magnitude of normal and shearing stress-
es in the separated layer of soil is affected by the depth of
soil treatment. That is why the process of formation a lump
by its separation from the bulk by shift or by ripping is
determined not only by the physical-mechanical properties
of soil, parameters of a working body, but also by depth of
its motion in the soil.

From energy point of view, there is a more perfect pro-
cess, in the course of which soil cleaving is carried out by
ripping. That is why we will further investigate such spatial
orientation of wedge, at which this effect is observed. It is
caused by predominance of normal stresses above the shear-
ing ones. We will assume that the wedge that acts on the soil
layer causes only bending moment in it, while transverse and
normal forces are so low that it is possible not to consider
them, i. e., there is a “pure” bend [13].

3. Aim and tasks of the study

The purpose of the work is theoretical studies of the pro-
cess of action of wedge on soil, as a result of which, using the
methods of the calculus of variations, it is necessary to con-
struct rational profiles of the chisel of a chisel blade and the
chisel of a chisel working body. Application of the method of
the calculus of variations makes it possible to decrease energy
intensity of the soil-cultivating working bodies by 20...30 %.

To accomplish the goal, the following tasks were set:

— to substantiate the profile of chisel, which ensures re-
duction in its energy intensity;

— to perform calculation of rational parameters of chisel
working bodies with the help of variational methods of cal-
culation;

— to substantiate the profile of wing of a point;

— to experimentally investigate the process of interaction
between wedge and soil.

4. Theoretical studies of parameters of action of wedge in
the soil with their experimental identification

4. 1. Substantiation of parameters of the chisel work-
ing bodies

The substantiation of geometric parameters of the chisel
of a chisel blade was carried out with the use of direct meth-
od of the calculus of variations [8, 14—16]. The rational pro-
file of a chisel was determined after assigning the condition
that its curve passes through the fixed points with the preset
angle of inclination at the initial point. In this case, the
variational problem is limited by the condition: among the
set of the curves that pass through two fixed points and that
emerge from the initial point at a preset angle, it is necessary
to determine the curve, which corresponds to the profile
line of the chisel of a chisel working body with a minimum
traction resistance. In this formulation of the problem at
Ho=0; Xx=0,5 m; Zx=0,3 m; f=0,5; Z;=0,57; X,=0; Z¢=0,
the profile of the chisel was obtained.

The substantiation of the profile of a chisel was carried
out with regard to its joint operation with a point at the
fixed boundary conditions and the angle of inclination of the
tangent at initial point equal to 30°. At the local loosening
of soil, there is no need to use a point together with the chisel
and thus increase the traction resistance of a chisel working
body. In this case, it is expedient to search for the rational
profile of a chisel with one floating boundary point.

The angle of inclination of the tangent at the initial point
of the given curve was assigned based on the correspond-
ing angle of inclination of the chisel of a standard working
body of the chisel plow PCh-2.5, Geascon SS-7NR [17]
and others. However, analysis of dependencies [8] of max-
imum tensile stresses in soil, which occur under the action
of wedge, reveals that even at relatively high permissible
stress [6],=8 kN/m? at depths of motion of a wedge from
0,16 to 0,20 m, it is reached at the angle whose value is in
the interval between 24 and 30°. Then the setting of the
problem is formulated as follows. It is necessary, among the
set of the curves that start from the given point at angle 27°,
determined experimentally and passing through the second
boundary point, which is displaced along the Z=Z) straight
line, to find the curve that describes the profile of a chisel at
the minimum traction resistance.

To solve the problem, we will use the method of direct
calculus of variations. The desired profile is assigned in the
form of equation that satisfies conditions of formulation of
the problem [4, 14, 18]:
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where Cy; C, are the required coefficients.

The values of constant coefficients Cy, Cy and boundary
point Xy will be found from the solution of the following
integral system of equations:
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The system of equations was solved by numerical meth-
od, using the language Basic, at f=0,5 m; Z¢=0,51; X¢=0;
70=0; Z1=0,3 m; Hyp=0.

As a result of solution of the system of equations (2), we
obtained values of the coefficients Cy, C, and the final coor-
dinate X, which are 1,425; 2,850 and 0,260 m, respectively.

Equation of the curve that describes the profile of a chisel
of the minimum traction resistance will be written down:

z=—1,425{exp[2,850x2 (o,zs—x)]—1}+
+0,51X +2,47X2. ®)

The curved line, built by equation (3), reflects the profile
of the chisel of a chisel working body (Fig. 1).

Z.m|
0,2
0,15
0,1

0,057

00 0,1

/|

0,2 X.m

Fig. 1. Profile of the chisel of a chisel blade

The quality of soil treatment before sowing is determined
by the depth of its treatment by chisel working bodies and
by the distance between them. Moreover, these two parame-
ters are connected together. An increase in the depth of soil
treatment leads to increasing energy consumption and wors-
ening soil crushing. A decrease in the depth of soil treat-
ment necessitates a denser arrangement of chisel working
bodies for the purpose of eliminating flaws between them.
This also increases energy consumption for soil cultivation
and for clogging the working bodies by the after-harvest re-
mainders and weeds. Deformation of soil under the action of
the points of chisel working bodies spreads at an angle. That
is why the design substantiation of the system of arrange-
ment of chisel working bodies is important for improving
the working process. Analysis of the process of work of chisel
blades demonstrates that their task is to ensure assigned
depth of motion under conditions of increased density of
soil, as well as to create conditions for better accumulation of
moisture and air in soil. With regard to this, there is no need
to overlap deformations in soil, which are distributed under
the action of chisel blades.

The depth of motion of chisel working bodies and the
distance between the treated strips under conditions of the
local loosening of soil is determined by natural climatic
conditions of a zone, by the condition of soil and by the re-
quirements of growing crop. On one hand, an increase in this
distance contributes to the reduction in energy consumption
for soil cultivation; on the other hand, it is limited by the
need to create conditions for maintaining fertility of soil.
Therefore, selection of rational ratio between the depth of
loosening and the distance between the loosened strips has
important ecological-economic meaning, especially under
conditions of minimal systems of soil treatment.

To substantiate parameters of a chisel blade, in particular
geometric profile of the rack, we will apply the method of
direct calculus of variations. The substantiation of the point
of a chisel blade was carried out in two stages. During the
first stage, we substantiated the profile of the chisel of the
point taking into account the provision of necessary deep-
ening into soil at minimum energy consumption, during the
second stage — the profile of the point of minimal energy
consumption by the results of the studies, connected with
substantiation of the chisel.

To maintain reliability of chisel working bodies during
their deepening into the soil, we will conduct the search for
a rational profile, the curve of which runs through the fixed
points with the preset angle of tangent inclination in the
starting point. Then the variational problem is formulated
as follows. Among the set of the curves that pass through
the fixed points and that start from the initial one at a
preset angle, we are to find such curve, which would corre-
spond to the profile line of the chisel rack with the minimal
traction resistance.

The energy functional, which determines traction resis-
tance of a chisel blade, will be written down in the follow-
ing form [18]:
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We will search for equations of the curve in the form of
equation, which would satisfy assigned formulation of the
problem, i. e., the curve must pass through coordinates of



the boundary points with a preset angle of tangent in the
starting point:
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where Cy, Cy are the required coefficients.
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After introduction into equation (4) of expressions of
formulas (5) and (6), the task is reduced to determining the
coefficients Cy, Cy. For this purpose, it is necessary to take
derivatives of the obtained equations by coefficients and to
equate them to zero
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As a result of numerical solution of the system of equa-
tions (7) at Hy=0; Xx=0,5m; Z=0,3 m; {=0,5m; Z; =0,57 m;
Xo=0; Zo=0, we will obtain value of coefficients C{ and C,,
which are equal to 1,160 and 1,298, respectively.

Then the required profile of the chisel is described by
equation:

2=-116{exp[1,298X*(0,5-X) ]~ 1} +
+0,57X+0,06X". ®)

The curved line, built by equation (8), reflects the profile
of the chisel of a chisel working body (Fig. 2).
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Fig. 2. Rational profile of the chisel of a chisel working body

On the surface of a wing of the point we separate elemen-
tary area (Fig. 2), which is exposed to action from specific
pressure of soil q and specific frictional force dF. The latter
is directed to the side of motion of the layer of soil on the
surface of the point. However, the profile of the surface of
the point is unknown to us and it is difficult to determine
the pattern of motion of the layer of soil by it. Therefore,
to simplify solution of the problem, we will consider that
elementary frictional force is directed tangentially toward

the desired surface and is located in the plane, parallel to
the XOZ plane. The latter assumption is based on the fact
that the wing of the point is located close to the plowshare
of frontal cutting.

We formulate variational problem setting as follows.
From a large number of surfaces Z=f(x, y) that pass through
points O, C, B and A, we are to find the one, which would
ensure an extremum to functional (9). The method of the
calculus of variations of Ritz and a finite element method are
utilized to solve the problem [19].

Energy functional for determining traction resistance of
the point’s wing takes the form [18, 19]:
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where H is the depth of motion of the point’s wing.
Let us project the required surface onto the plane XOY

(Fig. 3).
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Fig. 3. Scheme to the substantiation of
the point’s wing profile

The equations of lines, which limit the projection of the
wing’s surface, will be written down [5, 17, 18]:

B=0; B=Bce; x=xa; x=0. 12)

We present a piecewise linear approximation of the re-
quired surface in the form:

2= C0,, (13)
k=1

where Cy are the required coefficients; @y are the basic func-
tions.

Basic functions are linear, piecewise continuous and are
equal to unity in the nodes and to zero beyond the area of de-
termination. Basic functions are determined for all elements
m, which have connections with the node k:

0, =97,
n=1

where m=20.

We assign numbers to nodes u, j and k with strict reten-
tion of the order of motion of the sequence counterclockwise
of indicated indices.

The system of functions of form takes the form [16, 17]:

(14)



At the angles of crushing 6°, the process

1
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9 . at the depths of motion of wedge exceeding
0 at (X;Y)EK’ 0,25 m, at 12° — exceeding 0,12 m and at
18° — exceeding 0,07 m. If the soil permissible
1 _ N tensile stresses have maximum value, then at
¢ = 98 [(X X, )Y =)= (Y =Y )-(X, _Xk)] at (X;Y)el’, (16) the starting moment of motion of the wedge
: 0 at (X'Y)eﬂo at the angles of crushing 6° and 12°, and to
’ o the depth of its motion equal to 0,3 m, the
destruction of the undercut layer of soil does
) 1 [(X X ) (Y. —Y)—(Y—Y)~(X. —X)] at (X;Y)efo, not occur. At the angles of crushing 18°, 24°,
0, = S o ! oo (17)  30°,36°, 42° and 48°, the destruction of layer
0 at (X;Y)gfo, occurs at the depths of motion of the wedge

To find values of coefficients Cy, which would ensure
minimum value to functional, we differentiate equation by
Cy, equating them to zero
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X 4dFdXdY 0, k=1.20.

(18)

S C—,

Aira +
0

Numerical solution was carried out, using the language
Basic [20], at X,=0,33 m; Yc¢;=0,14 m; f=0,5; dx=0,065;
dy=0,035; 72,=0,08; Z,=0; Z,=0,03; Z3=0,05; Z{7=0,08 m;
220:0,08; H=0,16 m; 2520; Z12=O; Z13=0.

Structural composition of soil after cultivation by stan-
dard and experimental points is given in Table 1. Energy
indices were evaluated by the value of traction resistance.

Table 1

Structural composition of soil after cultivation by
standard and experimental points

Fractions, mm
Point t
OMEYPE 1 ~30 130-20{20-10 [10-0,25|<0,25| Structure
coefficient
Standard 13,30 11,85 | 11,90 | 62,55 | 0,35 1,64
Experimental [ 11,50 | 11,10 | 14,85 | 62,10 | 0,29 1,71

Data analysis of Table 1 revealed that the coefficient of
structure of soil after its cultivation by chisel standard and
experimental points has almost identical value.

Permissible tensile stresses, which appear in soil depen-
dent on its type and properties, caused by humidity and tem-
perature, are within the limits from 2 to 6 kN/m?. At different
strength values of the soil permissible tensile stresses (Fig. 4),
its destruction under the action of wedge at the starting mo-
ment of motion occurs at the angles of crushing exceeding 18°,
which is confirmed by experimental studies [16].
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Fig. 4. Dependency of the maximum tensile stresses in soil,
which appear under the action of wedge, on the depth of
its motion at different angles of crushing: 1 — 0=6°;
2—0=12° 3 — 0=18% 4 — 0=24°; 5 — 0=30°; 6 — =36°;
71— 0=42° 8 — 0=48°

exceeding 0,20; 0,15; 0,12; 0,09; 0,07 and
0,06 m, respectively [14, 16].

The soil permissible shear stresses vary within the limits
of 6..15 kN/m?2. Fig. 5 demonstrates that at the initial mo-
ment of motion of the wedge, the shear stresses compared
to the tensile stresses have the magnitude, closer to the
maximum.

The calculated values of length of the cleaved layer of
soil at different depths of cultivation and angles of crush-
ing by a wedge depending on the maximum permissible
values of the soil tensile stresses are shown in Fig. 6—8.

The graphs show that with an increase in the depth of
motion of wedge and a decrease in the angle of crushing,
the size of the formed lumps grows; moreover, it is more
intensive with an increase in the strength tensile proper-
ties of soil.

For the purpose of reducing the size of lumps in the
course of soil cultivation, and at the increase in its depth,
it is expedient to increase the angle of crushing the soil by
a wedge [16, 19].
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Fig. 5. Dependency of maximum shearing stresses
in soil, occurring under the action of wedge
at changing the depth of its motion and
at different angles of crushing: 1 — a=6°;
2 —0=12°% 3 — a=18° 4 — 0=24°; 5 — a=30°;
6 — 0=36°; 7 — a=42°
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Fig. 6. Dependency of length of the cleaved layer of
soil on the depth of motion of wedge for
different angles of crushing at permissible
tensile stress of 5 kPa: 1 — a=18°; 2 — 0=24°;
3 — 0=30° 4 — 0=36°
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Fig. 7. Dependency of length of the removed layer of soil
on the depth of motion of wedge for different angles of
crushing at permissible tensile stress of 3,5 kPa: 1 — a=12°;
2 — 0=18% 3 — 0=24° 4 — 0=30° 5 — 0=36°
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Fig. 8. Dependency of length of the removed layer of soil
on the depth of motion of wedge for different angles of
crushing at permissible tensile stress of 2 kPa: 1 — 0=6°;
2 —0=12° 3 — a=18°% 4 — 0=24° 5 — 0=30° 6 — 0=36°

On the soils with high strength tensile properties, the
wedges with angle of crushing less than 18° are expedient
to use for treating the soil by depth of up to 0,1 m, with the
medium ones — to 0,15 m and with the low ones — to 0,24 m.

Fig. 9, 10 display dependencies of length of the cleaved
layer of soil on the depth of soil treatment at different an-
gles of crushing and different permissible values of the soil
shearing strength. The character of influence of the depth of
motion of wedge and the angle of its crushing on the length
of the cleaved layer of soil is the same as when destroying the
latter by ripping [16].

Thus, with an increase in the depth of motion of wedge,
normal and shearing stresses in soil under its action are
growing. If the permissible normal stresses in soil exceed
2 kN/m?, then the wedges with angles of crushing up to 12°
with the depth of motion less than 0,13 m do not ensure cre-
ation in the soil of their maximum magnitudes and cleaving
of the layer of soil [18].

For treating the soil with the permissible tensile stress
of 6 kN/m? at the depth of cultivation 0,15 m, the angle of
crushing must exceed 24°, and at the depth of 0,22 m — 18",

For the loosely cohesive soils with maximum permissible
shearing stress about 5 kN/m?, the process of cleaving the
layer of soil with wedge with low angles of crushing 6° and
12° starts at the depths of motion exceeding 0,18 and 0,13 m,
respectively. With soils treatment by 0,15 m at maximum
permissible value of 15 kN/m?, its boundary values are
reached by a wedge with angle of crushing exceeding 18°,
while at depth of 0,22 m — exceeding 12°.

Fig. 11 displays dependencies of length of the cleaved
layer of soil at different angles of crushing for maximum per-
missible values equal to 13,5 kPa. The character of effect of
angle of crushing and depth of motion of wedge on the length
of the cleaved layer is the same as under the action of normal
tensile stresses and tangential shearing stresses [19].

The quality of crushing the soil, which is determined
by the size of lumps and chunks, formed under the action of
the soil-cultivating working bodies, depends on the distance
they pass to reaching limiting stresses in soil. An increase in
the passage of working bodies to the beginning of the pro-
cess of cleaving the layer of soil contributes to the formation

of lumps and chunks of larger size. Studies revealed that a
wedge, depending on the angle of crushing, strength indices
of soil and depth of cultivation, can create in it the stresses
necessary for cleaving at the initial moment of motion after
covering a distance equal to 10 mm and longer. Stresses in
soil grow with an increase in the angle of crushing and the
depth of cultivation.
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Fig. 9. Dependency of length of the cleaved layer of soil on
depth of soil treatment at different angles of crushing for
permissible tangential stress of 10,5 kPa: 1 — a=12°;

2 —a=18% 3 — 0=24° 4 — 0=30° 5 — 0=36°
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Fig. 10. Dependency of length of the cleaved layer of soil on
depth of soil treatment at different angles of crushing for
permissible tangential stress of 6 kPa: 1 — 0=6°; 2 — a=12°;
3—a=18% 4 — 0=24° 5 — 0=30° 6 — 0=36°
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Fig. 11. Dependency of length of the cleaved layer of soil

on depth of the motion of wedge at different angles of its

crushing for the maximum permissible values: 1 — a=12°;
2 —a=18% 3 — 0=24° 4 — 0=30° 5 — 0=36°

On the soils with high strength properties, the flat
cutting blades with angle of crushing less 18° are expedient
to be used for treating the soil to depth of up to 0,10 m.
Whereas, on the soils with medium strength properties, rec-
ommended depth is up to 0,15 m, and with the low ones — up
to 0,24 m. At the initial moment of motion of the wedge, the
shear stresses relative to the tensile stresses have the magni-
tude closer to maximum.

Therefore, on the loose soils and at small depths of soil
cultivation, the predominant form of deformation is the shift.

The process of crushing soil by wedge by its ripping or
shift is determined by physical-mechanical properties of soil,
by angle of crushing and by depth of soil treatment [12, 16, 18].

4. 2. Experimental studies of technological processes
and working bodies of machines for soil treatment

The soil was crushed and sifted on the sieve with circular
openings of diameter 10 mm before putting into a labora-
tory container. Then the soil was stirred and moistened to
humidity of 25...27 %. After moistening, the soil was placed



into the container by layers 0,02 m thick. Before filling the
soil and after each layer, a chalky layer was laid. The soil
in the container was dried to humidity of 24 % and the
experiment was carried out in accordance with matrix,
given in Table 2.

Before conducting the experiment, in the container with
the aid of a shovel, a vertical cross-section of soil was made, a
wedge was put under it and the preset angles of crushing and
depth of motion were established (Fig. 12).

Table 2

Matrix of experiment on studying the process of
interaction between wedge and soil

No. 1t Depth 'of Angl(? of
wedge motion, m wedge crushing, degree
1 0,04 15
2 0,06 15
3 0,08 15
4 0,10 15
5 0,04 25
6 0,06 25
7 0,08 25
8 0,10 25
9 0,04 35
10 0,06 35
11 0,08 35
12 0,10 35

Fig. 12. Scheme of position of the wedge before
conducting the experiment

In the process of conducting the experiment, we deter-
mined angle of cleaving the soil, the distance covered by
wedge prior to the beginning of the process of cleaving and
predominant type of the deformation of soil, which leads to
cleaving of soil by shift or ripping.

A cart of the soil channel with the wedge was moved
with a low speed (vV<0,05 m/s) to the moment of the start
of the process of cleaving the layer of soil by the wedge,
which was determined visually. After stopping the cart,
the path passed by the wedge was photographed and mea-
sured with the help of a ruler. The angles of cleaving the
layer of soil were determined with the help of a protractor
in the photograph. The predominant form of the deforma-
tion of soil was judged by the character of change in the
positions of chalky layers of the container.

Fig. 13, 14 demonstrate the processes of destruction
by ripping and shift, respectively. At the shift of the layer
of soil, the character of change in the form of chalky layer
in the direction of the surface of cleaving is identical in
all layers, located by the depth of treatment. At ripping,
the process of destroying the chalky layer begins near the
blade of wedge.
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Fig. 13. Scheme of the process of cleaving
the layer of soil by ripping

Fig. 14. Scheme of the process of cleaving
the layer of soil by shift

For the purpose of reducing influence on the process of
cleaving the layer of the soil by random factors, the proce-
dure of experiments was randomized. Experiment on the
study of the process of interaction between wedge and soil
was carried out at the soil humidity of 24 % in in double
repetition.

We studied the influence of parameters of operation of
wedge, in particular, angle of crushing and depth of motion
in the soil, on the angle of cleaving the layer, the magnitude
of the covered distance until the start of the process of
cleaving and its character. Results of the conducted studies
are given in Table 3.




Table 3

Results of experiment on studying the process of interaction between wedge and soil

Covered distance until the start of .
o } 3 Angle of cleaving, degree
Angle of the process of cleaving, m-10 )
Depth of wedge . Type of cleaving
No. . crushing, . .
motion, m d Repetition Repetition process
egree
1 2 Average 1 2 Average
1 0,04 15 30 32 31,0 40 41 40,5 Shift
2 0,06 15 40 41 40,5 42 43 42,5 Ripping
3 0,08 15 55 53 54,0 49 48 48,5 Ripping
4 0,10 15 62 59 60,5 52 51 51,5 Ripping
5 0,04 25 26 24 25,0 37 38 37,5 Shift
6 0,06 25 33 31 32,0 43 42 42,5 Ripping
7 0,08 25 43 44 43,5 48 45 46,5 Ripping
8 0,10 25 51 49 50,0 52 48 50,0 Ripping
9 0,04 35 22 23 22,5 35 36 35,5 Shift
10 0,06 35 28 26 27,0 43 39 41,0 Ripping
11 0,08 35 35 37 36,0 48 46 47,0 Ripping
12 0,10 35 42 44 43,0 51 52 51,5 Ripping

5. Discussion of results of the studies

Statistical processing of experimental data demonstrates
[13, 16] that the factor of influence of the depth of motion of
wedge on the magnitude of the covered path until the start
of the process of cleaving the layer of soil is 72,67 %, of angle
of crushing — 17,45 %, of their pairwise interaction — 2,38 %.
Statistical processing of the results was conducted with us-
ing two-factor variance analysis [20].

Traction resistance of the chisel working bodies with
chisels and points is given in Table 4.

The variance data analysis of influence of the wide
points’ profiles on their traction resistance shows that the
share of influence of the factor equals 97,04 %; obtained
data are reliable with probability of 95 %.

Thus, experimental studies confirm reliability of results
of theoretical studies on substantiation of the profile of the
chisel of a chisel working body from the point of view of
reduction of their energy consumption while keeping the
quality of crushing the soil.

Structural composition of soil after treatment by a chisel
working body with experimental chisel is given in Table 5.

Table 5

Structural composition of soil after treatment by
a chisel working body with experimental chisel

Table 4
Traction resistance of the chisel working bodies, H
Repetition
Type of chisel Average
1 2 3
Standard 1180 1290 1150 1207
Experimental 880 910 990 927
Experimental for local 830 900 880 870
loosening of soil

Data analysis of Table 4 demonstrates that the chisel
working body with experimental chisel, compared to the stan-
dard one, has a lower resistance by approximately 24 %, and
with experimental chisel for local loosening of soil — by 28 %.

Statistical processing of the results was conducted using
single-factor variance analysis [20]. Variance analysis of the
obtained data revealed that they are reliable with probability
of 95 %. Comparison of traction resistances of the standard
and experimental chisels testifies to the reduction in energy
consumption of the latter. Thus, compared with a standard
chisel, the experimental chisel has resistance that is lower by
23 %, and the chisel for local loosening — by 28 %.

Fractions, mm
Repetition
No. >30 |30-20 | 20-10 | 10-0,25 | <0,25 | Structure
coefficient
1 17,32 | 13,58 | 1721 | 51,18 | 0,7 1,04
2 17,96 | 21,56 | 14,37 | 52,69 | 0,59 1,10
Average | 17,64 | 17,57 | 1579 | 52,28 | 0,64 1,07

Based on results of studies [21], continuous loosening of
soil by cultivators may be replaced by local chiselling. In this
case, the points of chisel working bodies are to be replaced
with chisels. The latter contributes to reduction in the resis-
tance of working bodies by 1,8 times.

It should be noted that under conditions of the wooded
plain of Ukraine, the technologies of soil cultivation today
are based mainly on fulfilling of a relatively large number
of operations, which contributes to the increase in energy
consumption and to the reduction in the fertility of soil.
Furthermore, when soil is treated by traditional tools, the



creation of favorable conditions for the germination of seeds
and development of plants is not provided for. That is why
the examined task of increasing ecological-economic effi-
ciency of the cultivation of agricultural crops by the devel-
opment of theory of the process of interaction between soil
and wedge may be considered promising. Rational value of
angle of crushing soil, dependent on its properties, periods
and depth of treatment can be substantiated with the help
of the obtained mathematical model, compiled on the basis
of hypothesis about separation of a layer of cohesive soil by a
wedge through its bending.

6. Conclusions

1. Based on hypothesis about separation of a layer of
cohesive soil by a wedge through its bending, we obtained
a mathematical model for determining normal and shearing
stresses in soil under the action of a wedge. It is demonstrat-
ed that the process of crushing of soil with wedge by ripping
or shift is determined not only by physical-mechanical prop-
erties of soil and by angle of crushing, but also by the depth
of treatment. To reduce the size of lumps in the course of soil
cultivation while increasing the depth of its execution, it is
expedient to increase the angle of crushing. For treating
the soil with high strength properties (chernozems of medi-
um and heavy mechanical composition with humidity less
than 22 %), the flat cutting blades with angle of crushing
less than 18° are expedient to use for treatment by depth of

up to 0,10 m, the soils with medium strength properties — to
0,15 m, the soils with low strength properties — to 0,24 m.
The obtained mathematical model, which describes physical
essence of the process of crushing of the layer of soil by a
wedge, can be used for finding rational angles of crushing
of working bodies, dependent on the properties of soil and
depth of its cultivation.

2. The profile of a chisel from the point of view of reducing
its energy consumption is substantiated. It is experimentally
established that the value of angle of cleaving the soil practi-
cally does not depend on angle of crushing of the layer of soil
and it is determined mainly by depth of motion of a wedge. An
increase in depth of soil treatment contributes to the growth
of the angle of cleaving. In this case, the intensity of increase
in the angle of cleaving is reduced with an increase in depth of
motion of the wedge. At small depths of soil cultivation up to
0,05 m, the predominant form of deformation is the shift, and
with an increase in depth of motion of the wedge — ripping.

3. Experimental studies revealed that the improvement
of profile of the chisel of a chisel working body from the point
of view of reduction in traction resistance, does not render
essential influence to the quality of crushing the soil. In this
case, it is found that the angle of propagation of deformations
to the side under the action of chisel depends mainly on the
depth of its motion in soil and practically does not depend on
the angle of crushing, which confirms reliability of results of
the studies on examining the process of interaction between
soil and wedge. The angle of propagation of deformations in
soil is within the limits of 45...75".
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1. Introduction

To improve the service life of components operating in
harsh conditions, it is necessary that the working surfaces
of these parts have the required complex of properties. In-
creasing requirements for precision of machine parts, the
use of new hard manufactured materials, sharply raised
the question of an effective fine treatment of blanks, giving
them the ultimate accuracy and the necessary range of phys-
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ical-mechanical characteristics. One type of such treatment
and often only one possible is grinding.

Formation of the physical properties of the surface layer
of the ground parts largely depends on the temperature
range in the contact zone of a wheel with the workpiece that
provides a certain phase — structural composition and the
texture of the layer, its state of stress. All this has a great
influence on the performance of the parts — reliability and
durability.






