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ABSTRACT

The new design of an installation for extracting sapropel is proposed. The theoretical background of sapropel
extraction is developed. Based on the second order Lagrange equations and the standard program of
numerical method Kunna-Tucker, the differential equation of bucket oscillation is derived. The graphic
dependences of changing the angle of bucket deformation are developed as well as the linear horizontal and
vertical deformation during unloading the bucket.

PE3IOME

3anpornoHogaHO HOBY KOHCMPYKUit0 ycmaHoeKU Orisi 00bysaHHs canponesnto. TeopemuyHo obrpyHmye8aHo
8udobymky carnpornesnto Ha 0CHO8I pieHsHb JlagpaHxa dpyz2020 pody i cmaHOapmMHoOI Mpozpamu YucesbHO20
memody KyHHa-Takkepa, ei0meopeHi OugepeHyianibHe pPiBHSIHHS KonueaHb Koswa. [lpedcmasneHi
epapiyHi  3anexHocmi 3MiHU Kyma Jdegbopmayii Koswa, a maKkoX JliHIUHOI 20pU30HManbHOI ma
sepmukarsbHOi dechopmauii npu po3saHMakeHHI Koswa.

INTRODUCTION

Agriculture of Ukraine plays a major role in providing people with food products and the industry with
raw materials. The soil fertility, which is the foundation of agriculture, essentially contributes to obtaining
high yields of crops with appropriate quality indicators.

Derno-podzolic soils dominate in Polissia of Ukraine, namely in Volyn and Rivne regions. They are
characterized by low natural fertility; that is why fertilizers application, especially organic ones, is the
determining factor in obtaining high yields. The use of sapropel as an organic fertilizer improves soil fertility
in the mentioned regions. (Shymchuk M.Y., 1966, Smyrnov A.V. 1973; Diduh V.F., Taraymovych I.V., and
others, 2011; Tsyz’ I.Y., Khomych S.M., 2009, 2013) and others studied the issues of sapropel application
for improving yields capacity. (Tarasiuk V.V., 2012; Khomych S.M., 2014; Hlopetskyi R.A., 2014, 2016;
Shymchuck O. 2014; Vanags R., 2015) and others substantiated the production technologies of sapropel
granules. (Loveykin V.S., Nesterov A.P., 2002; Oleg Lyashuk, Zdenko Tkac¢, and others, 2013;
Lyubachivskij R. and others, 2013; Holubentsev A.N., 1959, Komarov M.S., 1989; Pavlovs’kyi M.A. 2002),
and many others studied the parameters of transportation machinery used for sapropel extraction.

MATERIAL AND METHODS

Based on experimental studies, significant dynamic oscillation was found to occur during sapropel
transportation. Besides, the oscillation amplitude decreases during the unloading process. Oscillations occur
both in vertical and horizontal planes. Since the mechanical motion of the bucket affects the speed of its
unloading and the performance of a cable installation, there is a need to study the dynamic loads on the
cable installation elements and the nature of its components movement.

This movement can be calculated by solving differential equations of motion. To simplify calculations,
some idealization of the system should be performed with rejection of minor factors.

The analytical model of unloading the bucket is shown in Fig. 1. This model is represented as the
lumped masses connected by elastic ties. Elastic ties are considered permissible weightless and
characterized by a constant stiffness coefficient.
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Fig. 1 - Analytical model of unloading the bucket of cable installation

Local stresses and strains in the joints of individual elements will be neglected. The lumped masses
are: mo(t) - sapropel mass, my - bucket mass, |1 - moment of bucket inertia with sapropel. In addition, the
figure shows stiffness coefficients: kix —given stiffness coefficient of unloading cable, ka, —given stiffness
coefficient of bearing cable, C; - given stiffness in torsion of the bucket. Besides, the damping coefficients
are marked: B1¢ — damping coefficient of torque oscillations of the bucket; Bi1x — damping coefficient of linear
oscillations of unloading cable in the direction of the axis x; B2y — damping coefficient of linear oscillations of
bearing cable in the direction of the axis y. The feed force of the bucket P and the impact force P, are applied
to a plate conveyor. The impact force P, occurs during the unloading of sapropel. In addition, the frictional
moment Mr, which prevents rotation of the bucket, is applied to it.

When unloading, the sapropel mass in the bucket is reduced. This process is defined by the
dependence:

mo(t):mp—%vk-p, )

where: m, — mass of loaded sapropel;

t— time;

ty — time of unloading sapropel from the bucket;

Vp— volume of loaded sapropel in the bucket;

p — sapropel density.

Similarly, the moment of bucket inertia with sapropel |1 is changed. Having avoided negative values,
the changes of sapropel mass into the dynamic model were implemented correctly with the aid of the
auxiliary algebraic function:

my (t) + P _|m0(t)_ Pc|+|mo(t)+ Re _|mo(t)_ Re ||

m'o(t) = 4

)

where: P¢ - auxiliary constant.

An example of the function application (2) is presented graphically in Fig. 2.

Our system has three degrees of freedom. Let us choose as generalized coordinates ¢ - angle of the
bucket (it is considered positive in the counter-clockwise direction); x; — movement of the bucket mass centre
in the direction of the axis x; y1 - movement of the bucket mass centre in the direction of the axis y. Positive
movement directions are shown in Fig. 1.

Differential equations of oscillations without taking into account the environmental resistance were
deduced with the aid of second order Lagrange equations:
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Then the kinetic energy of the system:
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Potential energy of the system:
1 1 2 1
Il = Ecl(PZ +Ek1x (xl —R(p) +Ekzyy12 , (5)

where :R — distance from the bucket mass centre to the axis of rotation.
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Fig. 2 - Graph of sapropel mass changes in the bucket in time

So, the first equation is
1,6+ C, + Rk, |0~k Ry = PR cosa— My,
where: R; - distance from the point of the bucket and support interaction to the axis of bucket rotation;
a - angle of the bucket and support interaction.

4 a
dt ox,

orl

= (m, +mg (1)) %; —a:—klx(xi—R(p); Q,, =P, -

(my +mg (t)) % +ky, (X, —Re) =P, cosa.— P

Similarly, the third equation is deduced. The final complete system of equations of the problem is:
L+ C,+ Rk, |0~k Ry = PR cosa—My
(ml+m0(t))5<'l+klx(xl—R(p)zPy coso—P (6)

(my +mg (1)) ¥y +Kyy ¥y = P, sino—(m +my (t)) g
where: g — gravitational acceleration.
Taking into account the energy degradation, the following equations are deduced:

|1¢+[Bl<p + Rzle]‘b—leijL"'[Cl"' Rzkxl:|(p_klxRX1 =P/R cosa—My,
(my +my (1)) % + Bk — B RO+ kg (X —Ro) = P, cosa—P, (7)
(m+my (1)) %, +Boy V1 Koy V1 =P, sina—(m, +my(t))g .
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While studying the impact interaction of the bucket and support, the only immediate impact force Py is
considered. This force is strong enough to create a pulse of finite size:
to+ty,
S, = j P,dt, (8)
t0
where : t, - initial time, s;
t, - duration of impact, s.
During the collision of solids, the order of t,, is 10-s.

As we know from theoretical mechanics:

§1:n11'\7f_wh' i )
where : Vs - final relative velocity of the bucket, m/s;
V- initial relative velocity of the bucket, m/s.

1

RESULTS
For the case t,=0, V, =0, the final relative velocity of the bucket V equals the velocity of

movement. As the impact is not absolutely elastic, the coefficient of renewal K, should be considered. It

defines physical and mechanical properties of materials and lies in the interval 0 Kz <1. The force of impact
P1 is assumed constant in the interval from t, to t., Therefore, equating equations (8) and (9), and
considering the coefficient of renewal, after appropriate transformations the following formula is deduced:
-V
p=k, Ve (10)
tK2
To implement the force of impact Py into the dynamic model taking into account its short action, the
auxiliary non-dimensional coefficient should be used:

F, = b-[l—LJ, (11)

tK2

where : b - coefficient in the order of magnitude higher than the value of impact force.
Then the force of impact can be explained by algebraic function:
P _ F+R-[F _Pl|+|F9 +R -|F _Pl”
y 4 '
The change of impact force in time t is shown in Fig. 3.
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Fig. 3 - Graph of changing the force of bucket impact on the support P intime t

The reasons to set down initial conditions for the system of equations are as follows. The time is
counted from the moment of the bucket and support collision. During the movement of sapropel to that
moment, the elastic elements of the system are not subjected to deformation. Therefore, the initial relative
coordinates and velocities are assumed equal to zero. Further deformation occurs due to external forces.
Therefore, if t =0, the following formulae are deduced:
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¢(0)=0, x(0)=0, y,(0)=0,
#(0)=0, %(0)=0, y,(0)=0. (13)

The differential equations (7) with initial conditions (13) should be solved on the computer using a
standard subprogram of numerical method Kunna-Tucker.

According to the research results, the graphic dependences of changing the angle of bucket
deformation in time (Fig. 4) are developed, as well as the dependences of linear horizontal deformation of
the bucket in time (Fig. 5) and linear vertical deformation of the bucket in time (Fig. 6) during unloading
sapropel.
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Fig. 6 - Graph of changing the linear vertical deformation of bucket in time

To test the adequacy of the proposed system of differential equations, all its components were
determined experimentally. According to the presented graphic dependences, the change of vertical linear
deformation of the bucket in time is greater than the change of horizontal linear deformation of the bucket in
time and reaches 0.028m due to the smaller given stiffness coefficient of bearing cable as compared to the
given stiffness coefficient of unloading cable.

The use of local organic raw materials will reduce the cost of the final product and will increase the
amount of humus-forming plants. Sapropel from freshwater lakes as organic component should be
appropriately used in the production of granular OMF (organic mineral fertilizer) in the areas of its
significant resources. Sapropel is a universal substance that contains a set of elements necessary for plant
nutrition. As experience shows, the use of sapropel instead of traditional organics can reduce the
production cost. In addition, the development of sapropel recreational fields contributes much to the
restoration of natural environment.

Thus, the impact of sapropel on soil fertility is multifaceted and complex. The effectiveness of
sapropel on sandy soils is much higher than on heavy soils.
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CONCLUSIONS

The new design of installation for extracting sapropel is proposed. The theoretical background of

sapropel extraction is developed. Differential equations of oscillations, without taking into account the
environmental resistance, were deduced with the aid of second order Lagrange equations and the standard
program of numerical method Kunna-Tucker. The graphic dependences for changing the angle of bucket
deformation are developed as well as the linear horizontal and vertical deformation during unloading the
bucket.
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