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ABSTRACT

The article considers the question of the optimal impact speed during the destruction
of soil lumps from an energy point of view, proposes a new methodology for assessing
based on newly formed surfaces after the destruction of soil lumps, derives a
dependence for determining the specific energy spent on crushing soil lumps, presents
the experimental procedure and experimental results on Based on the data obtained,
conclusions are drawn.
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INTRODUCTION

Assessing the quality of work of the working bodies of rotary machines in terms of
energy intensity is a very important indicator when comparing the working bodies and
designating the speed regime for grinding soil lumps and clumps, since the working
body of a rotary machine rotates at a higher speed than the translational speed of the
unit. It is known that the energy intensity of the process of tillage according to V.P.
Goryachkin is proportional to the square of the speed of movement of the working
body in the soil environment, the higher the speed, the greater the energy spent on

processing.
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The quality of the soil treatment is determined by the size of the soil fractions obtained
after treatment (Dexter, 2004b). The soil structure obtained by tillage largely depends
on the state of the soil (Dexter, 1979; Berntsen & Berre, 2002). This must be taken
into account when comparing aggregate distributions by fractions obtained for various
soils or implements. Dexter (1979) proposed a soil structure to be created by tillage,
depending on the type of implement, the number of implement passes, the depth of
tillage, soil management, yield, soil water content and soil compaction. The average
diameter of the fractions after soil treatment decreases with increasing specific energy
of the unit.

Berntsen & Berre (2002) showed that on four soils with a clay content of 15 to 45%,
energy consumption of about 50 J / kg led to a significant reduction in fraction size.
Further crumbling of large fractions caused an increase in energy consumption.
Berntsen & Berre (2002) suggested, for analysis of energy efficiency when crumbling,
the initial state of the soil can be taken into account by correlating the increase in the
total surface with the original surface and by correlating the specific energy reserve
with the specific destruction energy needed to destroy the coma or shift the soil.
Consequently, the energy efficiency of the developed tools and their differences
between each other depends on the initial state of the soil (Hadas & Wolf, 1983;
Berntsen & Berre, 200). The soil structure formed during processing is determined by
the moisture content in the soil. There is humidity at which soil cultivation is optimal,
and is called optimal humidity for soil cultivation. It is defined as humidity at which
the fraction of small fractions produced by the aggregate is the largest, or, conversely,
the fraction of clumps produced is the smallest (Dexter & Bird, 2001; Dexter, 2004b).
As can be seen from the above judgments of the researchers, the quality of the soil
treatment mainly depends on its moisture and does not take into account the
technological and geometric parameters of the tillage machine or we can say that the
technological parameters of the working bodies, for example, the processing speed,
have not been evaluated.

There are many methods for assessing rotary working bodies, but they do not allow
rationally choosing the limits of the speed of soil cultivation.

Degradability of soil lumps and methods for assessing working organs were worked
by Degraf G.A. [94], Baymetov R.I. (1972), Akhmetov A.A. (1991), Inoyatov |.A.
(1997) and many others. The research conducted by these researchers came down to

justifying the parameters of the working body, with various evaluation criteria. Among
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the works performed, the experiments conducted by R. Baymetov (1972) deserve
special attention, in which specific crushing work was taken as the criterion for
evaluating the work of the deformer. Specific work on crushing does not reveal the
essence of the issue, it can only be used to compare the results of the work of the
studied working bodies, because specific crushing work will always decrease with
increasing speed, at which the degree of crumbling of soil lumps increases. Therefore,
it is impossible to determine the optimal crushing rate. In addition, the destructibility
of soil lumps, depending on the size, moisture, and impact velocity of the working
body, was not taken into account in this work either.

Based on the foregoing, a new technique is needed to determine the critical speed
limits at which fracture begins, depending on the size of the soil lump, and the optimal
crushing rate.

METHODOLOGY
1. Determination of newly formed surfaces after crushing of soil lumps and blocks.

AS = SZ - Sl’ (1)

where S; - the total surface of the piece before crushing, m?;

S, - total surface of all particles after crushing, m?.

To determine the values of S; and S;, we assume, that pieces of crushed material before
and after crushing consist of cubes whose sizes are equal to the average diameter of
the sample D and particles of the crushed product d.

Then the number of particles (n) resulting from the crushing of the sample

Q D3
n:q—i:E, (2)

here Q an dg; are the mass of pieces before and after crushing.
If we assume that the crushing results in particles of the same size, then

Sl = 6D2 )51 52 = 6nd2, (3)

Substituting the values of n, S;, and S, in relation (3.6), we obtain
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—6D2 (2 —
AS = 6D (d 1), (4)
or, denoting, i = gwe can write

AS = S,(i—1). (5)

From this it is obvious that the new surfaces formed during the crushing of the samples
are equal to the surface of the original sample, multiplied by the degree of grinding
without a unit.

When crushing lumps, crushed particles usually have not the same dimensional
characteristics, which entails large errors when averaging them. This is especially
noticeable if there are large pieces in the crushed product. To take into account the
heterogeneity of the grinding composition, the particles were divided into fractions
and the newly formed surfaces were determined from them in the crushing process as
follows:

q1 qz dn
S=S5 -5, = 6d2+ 6d2+ +  6-d?2 —6D2 =
2 ! Yo'df ! Vo'dg 2 Yo'drsl "
2|(92 492 4 ...\ _ 1| = gp2(2y i _
6D [(d1+d2+ +dn) 1] 6D (dei 1)’ 6)

here Q — mass of soil lump, kg;

q; — mass of individual fractions, kg;

Yo — fraction density, kg/m?;

d; =(d, +d;)/2 — average diameters of narrow classes, m; d, — is the upper
diameter of the fraction, i.e. the size of the sieve through which the material passed,;
d; — is the lower diameter of the fraction, i.e. the size of the sieve hole on which the
material was held.

In the same way, it can easily be shown that when crushing q' a kilogram of bulk
material ~ consisting  of  identical  pieces with an initial  size
D,,,, the newly formed surfaces will
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AS = 6D (z ) 7)

Moreover, if we assume d; = d,,,, To, obviously ), q; =%q’ then

as =% (L1, (8)

Yo \dm D

If pieces of material before and after crushing are taken as a ball, then the newly formed
surfaces will be equal

AS, = ZAS;, (9)

here AS}, AS; - newly formed surfaces during crushing of spherical and cubic samples.
Samples and pieces of lumps after crushing by us were taken as a cube for the
following reasons:

a) we could not get samples that have exactly a spherical surface;

b) there are always bumps on the surface of the sample and pieces after crushing, which
will increase the overall bump;

c) particles after crushing have an arbitrary shape.

2. Kinetic energy spent on crushing soil blocks and lumps. With the collision of the
soil lump and the working body in motion, the equation of conservation of momentum
has the form:

my Uy +my Uy, =my U7 +my - 1y, (10)

here my, m, — mass, respectively, of the pendulum and soil lump, kg;

U, U,— speed to collision of the pendulum and soil lump, m/s, respectively;

U1, Uy - Velocity after collision of the pendulum and soil lump, m/s, respectively.
Projecting (10) onto the X axis, we obtain

my - Upy +my - Uy = my - Upy + My - Uy, (11)
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If, take into account that
Uy — Usy = k(U — U3y) (12)

then we have

le =UVU1x — (1 + k) 'm::l_zmz ’ (le + UZx); U2x = Usyx — (1 + k) : m::l_zmz : (le +
Uzy)- (13)
Atv,, = 0, we get
m; m;
lezle_(]-'l'k)'ml mz'le; U2x:_(1+k)'M'U1x
— — . m2 -
Six =8y =—0+k) ——— Uy (14)
In our case, the blow is not elastic; therefore, k = 0. Then
le =Uix — ﬁ "U1xs UZx = _ﬁ "VU1xs Slx = SZx = _m:l'-zmz "Uix-
(15)
Kinetic energy lost on impact
_ SH Sz, Sk
AT = o + T — (my + m,). (16)
If consider (2.25) then
_ T T — Mamavia®
AT =Ty — Ty = 52 =, (17)

One of the main constant values of indicators of soil lumps is the value of the specific
energy for crushing.
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When determining the energy spent on the formation of new surfaces, it is necessary
to collect and take into account all the particles obtained by crushing the sample. For
this purpose, after crushing by impact on a pendulum device, the soil collected on a
sailing film was divided into fractions in sieves with sizes of 10, 25, 50, 100 mm.

The value of the specific energy on newly formed surfaces during crushing is defined
as the ratio of the kinetic energy spent on crushing to a unit of newly formed surfaces
defined by formula 6, i.e.

AT
As = 15" (18)

When crushing lumps, after the impact, the crushed pieces are discarded in the
direction of movement of the deformer, we do not calculate separately the rejection
energy, since this is inevitable, therefore, we take the impact energy as the fracture
energy.

EXPERIMENT RESULTS

To determine the correctness of the assumptions and deduced dependencies,
experiments were carried out on the destructibility of lumps and blocks on a pendulum
device. For this, samples were prepared, soil lumps with diameters of 10, 20, 30, 40,
50, 60, 70, 80, 90, 110 mm spherical in shape. The destruction of the lumps was carried
out on a pendulum device. The speeds of the end of the pendulum were assigned by
deflecting the pendulum bar by a certain angle from the vertical. All conditions for
obtaining reliable data are met.

Each sample of the destroyed soil lumps was collected separately and sieved on sieves
of sizes 10, 25, 50, 100 mm and weighed separately by fractions.
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Fig. 1. Samples prepared for testing

The results of experiments to determine the specific energy per unit of newly formed
crushing surfaces are shown in Fig. 2.

From these results it can be seen that the energy consumption for crushing lumps of
large sizes (more than 90 mm) decreases during the transition from static to dynamic.
This indicates that, at all impact speeds, the degree of crumbling of the soil lump of
large sizes is insignificant.

When crushing lumps of smaller sizes (up to 60 mm), the specific energy consumption
per unit of newly formed surfaces increases in a straightforward manner, but with less
intensity.

The dependence of the specific energy consumption for the formation of new surfaces
on the size of soil lumps only states the conclusions made above and indicates that at
lower speeds and with lump sizes over 90 mm, the energy consumption of crushing
changes according to the hyperbolic curve.

Based on the data obtained, it can be concluded that for crushing soil lumps from the
point of view of energy intensity, the impact speeds in the range of 7 ... 9 m /s are
optimal.

The decrease in specific energy consumption during the transition from static to shock
loads can be explained by a decrease in the yield zone. A further increase in energy
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intensity with an increase in impact velocity is explained by the fact that the temporary
resistance of the soil increases with an increase in velocity.

Vi—»
—&—D=110 MM —8—D=100 MM ——D=90 MM —@—D=80 MM —8B—D=70 MM
—5—D=60 MM —A—D=50 MM —@—D=40MM ——D=30 MM

Fig. 2. The dependence of the specific energy consumption per unit of newly formed
surfaces of crushed lumps on the impact velocity at W = 9.4%

CONCLUSIONS

1. An increase in the diameter of the lump at all humidity entails a decrease in the
critical rate of its destruction according to the law of hyperbola.

2. The soil lump, when exposed to an impact load, is destroyed along the sections of
weak bonds, which are usually larger in large lumps than in small ones. Therefore, in
the destruction of small lumps, the impact speed should be greater.

3. In the impact of the working bodies on the material, the movement is communicated
only to the particles closest to the place of impact. The sharper and faster the impacts,
the deformation penetrates to a shallower depth, that is, the deformation in the material
is local in this case. Therefore, to increase the degree of crumbling of lumps of large
sizes, it is necessary to strike at a speed not exceeding the propagation velocity of
plastic deformations of the soill.
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4. An increase in the impact velocity to 7 ... 9 m /s helps to increase the degree of
crumbling of the soil lump, a further increase will entail an unjustified increase in the
cost of specific energy for crushing the soil lump.
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