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Introduction. In Ukraine, about 53 million m® of solid domestic waste (SDW) is
generated annually, the main part of which is buried in 6107 landfills and landfills with an area
of almost 7700 hectares, which threatens health and environmental safety [1]. In contrast to
industrial waste [2-6], SDW is characterized by a huge heterogeneity, which makes it difficult to
process it.

Research relevance. Collection of SDW is the main task of sanitary cleaning of
settlements and is carried out by more than 4100 garbage trucks [7], and therefore is associated
with significant financial costs. According to preliminary calculations, more than 45 thousand
tons of fuel per year are spent on transporting SDW by garbage trucks to the disposal site at a
minimum distance of 30 km, which corresponds to the size of the sanitary zone [8]. To reduce
the growth rate of landfill areas and the cost of transporting SDW, a technological operation is
performed to seal SDW during loading into a garbage truck. High compaction coefficient of
SDW contributes to more efficient use of landfill area. The fleet deterioration of garbage trucks
of municipal enterprises in Ukraine reaches 70%, which makes it necessary to produce new
garbage trucks.

Problem statement. According to the Resolution of the Ministers Cabinet of Ukraine
No. 265 [9], it is important to ensure the use of modern highly efficient garbage trucks in the
country's municipal economy, as the main link in the structure of machines for cleaning and
primary processing of SDW. Therefore, the study of an improved mathematical model of the
vibration drive for compaction of solid domestic waste in a garbage truck is an urgent scientific
and technical task as one of the components for solving the problem of creating scientific and
technical bases for designing highly efficient working bodies of machines for collecting and
primary processing of solid domestic waste.

Research result. Pic. 1 shows the design scheme of a vibration drive for compaction of
SDW in a garbage truck using a relay differential pressure pulse generator (RDPPG). The
diagram shows the following main geometric, kinematic and power parameters are: p1, p2, ps,
pa— pressure respectively on the outlet of the pump, at the inlet of the hydraulic cylinder, the
output cylinder and the inlet of the filter; Wy, W,, W3, W4 — volume of piping between the pump
and directional valve, directional valve and the inlet of the hydraulic cylinder, output cylinder
and hydraulic control valve, directional valve and filter; Q, — the actual pump flow; Sq — the area
of the nominal bore hole dispenser; St — the surface area of the filter element; D, d — diameters of
the piston and shaft; G, — the weight of the pressing plate; G; — the weight of the cylinder; Gu: —
weight part of waste, which are above the pressing plate; Gy, — weight part of waste, which are
outside the pressing plate; Fy, — the friction force between the pressing plate and the guide; Fu —
friction between the SDW and the body; F. — force which develops the hydraulic cylinder; hy,
h, — the height of the lower and upper pressing plate; & — plate thickness pressing; « — the angle
of the plate pressing; x — moving the pressing plate; y — displacement of the locking element
RDPPG; d; — diameter nakladno cavity; d,, d; — diameter of the 1-st and 2-nd degree of the
locking element RDPPG; m; — mass of the locking element; ¢ — spring stiffness; yo — preliminary
deformation of the spring; h, — positive overlap of the locking element, d; — diameter bore
throttle window, h; — internal overlap, which represents the distance from the lowest point of the



inner hole to the upper end of the inner ring bore, h; — the lower the ceiling, which represents the
distance from the top point of the cross hole to the top of the circle holes in the bottom of the
valve, dj — is the diameter of the inner hole, dcn — diameter cross-holes.
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Picture 1 — Design scheme of the vibration drive of the aftercompaction DSW using a pressure
pulse generator of relay differential action: PP — pressing plate; HC — hydraulic cylinder; HD —
hydraulic distributor; HP — hydraulic pump; SV — safety valve; Fr — filter; T — tank with working
fluid; GL — hydraulic lock; RDPPG - relay differential pressure pulse generator

On the basis of the calculation scheme, an improved mathematical model of the vibration
drive for compaction of SDW in a garbage truck using RDPPG is proposed, which is a system of
differential equations (1-6) with corresponding boundary conditions (7):
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where K — the compressibility coefficient of the working fluid; o — coefficient of hydraulic fluid
flow; k; — the specific bandwidth of the filter; x4 — the coefficient of dynamic viscosity; b — plate
width pressing; x — moving the pressing plate; g — the coefficient of viscous friction; 1() — the
identity function; Sign() — function sign; « — flow coefficient of the working fluid; ps, — pressure
safety valve; Xmax — the maximum stroke of the hydraulic cylinder; ymax — IS the maximum
displacement of the locking element RDPPG until it stops; o1 — density pre-compacted and
dewatered SDW; w; — is the relative humidity of the pre-compacted and dewatered SDW; V. —
the volume of the container; 4; — the clearance between the locking member and the housing
RDPPG,; L; — the length of the friction surface of the locking element RDPPG.

The differential equation (5) uses the compression characteristic of pre-compacted and
dehydrated SDW obtained experimentally in [10].

In order to study the drives operation of working bodies of machines for cleaning and
primary processing of SDW in the most severe modes, the method of computer simulation was
used. Critical to such regimes should include the movement beginning of the pressing plate in
vibratory mode. The simulation was performed using the Borland Delphi object-oriented
programming environment in the Windows operating environment.

Developed an original computer program "MatModel" that is protected by the certificate
of copyright registration in a work [11] and allows you to enter values for the drives parameters
of the working processes of the machines for harvesting and primary processing of SDW at each
technological operation: loading of SDW into the hopper of the truck (turn the lever [12] and flip
your capture of the container [13]), compaction of SDW [8], unloading of solid domestic waste
from the garbage truck [14], as well as work attachment pgmtolispm equipment [15, 16], which
allows to extend the functionality of the truck, numerically solve systems of nonlinear ordinary
differential equations by the Runge-Kutta-Felberg method of the 4th order with variable
integration step [17] and obtain the corresponding results in the form of graphs and tables.

For pic. 2 presents the results of dynamics study of the vibration drive of a SDW disposal
unit in a garbage truck using a relay differential pressure pulse generator, protected by Ukrainian
patents, the last of which is 92720 U [18].

During the study, the initial data corresponding to the real parameters of the basic model
of the KO-436 garbage truck with a rear method of loading SDW were used as parameters of the
mathematical model (1-7) [19], and the results obtained were used to develop a scientifically
based methodology for the design calculation of the drive parameters [20]. The calculations were
performed with an integration step h = 10 s and a relative error & = 10™°. Checking the identity
of the results obtained at the full and half integration steps ensured the solution stability of
differential equations system.
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Picture 2 — Results of dynamics studies of the vibration drive aftercompaction of SDW in the
garbage truck using RDPPG: a) changing pressure in a pressure cavity of the hydraulic cylinder;
b) moving the pressing plate; c) the speed of the pressing plate; d) moving the locking element
RDPPG

The analysis of the dependence graphs presented in Pic. 2 showed that the following
vibration parameters are provided for the specified parameters of the vibration drive of the SDW
aftercompaction using RDPPG: amplitude A = 0.1818 mm, frequency v = 84.52 Hz.

Conclusions. A numerical study of an improved mathematical model of a vibration drive
for compaction of solid domestic waste in a garbage truck using a relay differential pressure
pulse generator is carried out. The results of the study can be used to determine the rational
values of parameters that must be taken into account when designing machines for collecting and
primary processing of solid domestic waste.
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