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Abstract. This article presents the design of a working body for removing the damaged soil layer inside a crater, which allows for field
studies of the process of removing the damaged soil layer from inside a crater formed as a result of explosions. A methodology has been
developed for conducting experimental studies of the working body for removing the damaged soil layer from inside a crater.
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Introduction

The agricultural sector of the economy suffers the most
devastating impact of military operations, namely: damage to and
destruction of the fertile soil layer due to the detonation of various
types of explosive devices and the movement of military equipment,
as well as contamination with harmful substances contained in
explosives and fuel and lubricants, cluttering of agricultural land
with destroyed military equipment, remnants of fortifications, wood
debris, etc. [1-4]. In fields littered with craters of various diameters
and depths caused by explosions, it is impossible to safely perform
mechanized agricultural work.

Therefore, transforming contaminated land into usable areas and
preserving the fertility of agricultural land is a pressing issue.

To restore the topography of agricultural land, it is necessary to
remove or clear the damaged soil layer within the crater, as it is
chemically contaminated with heavy metals; additionally, this
process leads to the burning and dehydration of the fertile soil layer
[5-71.

Therefore, to remove the damaged soil layer inside a crater
formed by an explosion, it is proposed to use a new working
attachment that attaches to an excavator boom and allows for the
mechanization of the cleaning process.

Subsequently, if a hazardous concentration of heavy metals and
other hazardous substances is detected on the surface of the crater,
the removed contaminated soil layer must be disposed of [8-10].

Afterward, the craters should be backfilled, ensuring the soil
surface is leveled. In this way, technical land reclamation can be
carried out. Subsequently, it is advisable to implement agrotechnical
measures on the specified land plot, including disc harrowing and
cultivation, and plowing if necessary [11-13].

In this way, technical land reclamation can be carried out, which
involves first clearing the craters of damaged and contaminated soil
containing heavy metals and other hazardous substances.
Afterward, the craters must be backfilled, i.e., the surface leveled.
Subsequently, disc harrowing and cultivation can be performed on
this land plot, and plowing if necessary.

Results and Discussion

To study the process of removing the damaged soil layer from the
center of a crater formed by explosions, an experimental prototype
of a working body was manufactured.

The working body consists of a frame in the form of circles to
which channels and angles are welded (Fig. 1.1). The welded
structure is reinforced with metal rings along its height. A bracket
for attachment to the excavator boom with the ability to rotate is
welded to the top of the working body. The working body is
secured to the excavator boom using brackets. With the help of a
hydraulic system, the working body can rotate at an angle and turn
around its own axis. Rotating the working body makes it possible to
adjust the angle of inclination of the working body relative to the
surface of the pit, the surface layer of which needs to be removed.
The flanges of the channels and angles, which are welded to the
working body, will make it possible to remove the top layer of the
pit surface and thus clear it of damaged, melted soil containing
heavy metals and other harmful substances.
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Figure 1. Schematic diagram of the working body for
scraping the damaged soil layer inside the crater:
a — front view; b — top view

This working body is attached to the excavator boom via a
hydraulic system. Figure 2 shows a general view of the excavator
with the working body installed for removing damaged soil inside
craters, as well as a general view of this working body.

The excavator boom consists of a platform to which the boom is
attached via a hinged joint. Hydraulic cylinders are attached to the
boom, allowing the swing arm to rotate; the working body, in the
form of a truncated cone with a hollow inner surface, is attached to
the swing arm via a bracket.

Research on the process of removing the damaged soil layer
inside the pit was conducted at the experimental field of the
Institute of Mechanics and Automation of Agro-Industrial
Production of the National Academy of Agrarian Sciences of
Ukraine in loamy soil with a moisture content of 10-20% and soil
particle cohesion within the range of 0.04-0.06 MPa.

For the dynamic experimental studies, the working body was
manufactured with the following parameters: height H = 1 m; upper
diameter D = 1.5 m; lower diameter d = 0.4 m. The working
elements were channel sections No. 10 GOST 8240-97 and angle
irons 45x45x5 GOST 8509-93, in which the flange width is by= 46
mm and bjeg= 45 mm.

To determine the soil cutting force exerted by the flanges of the
channels and angles, an electronic dynamometer with an SBA
interface () was used, whose load cell was attached to the brackets
of the working body.
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Figure 2. General view of the excavator with the working body
installed for clearing damaged soil inside the pits

The force indicator is powered by a built-in battery. The
permissible error limit of the device is +5-10 N.

The SBA-500L tensile-compression load cell has a permissible
tensile force measurement range of up to 50 kN with a maximum
deviation of 0.083 kN.

When the working body, to which the load cell is attached, clears
the contaminated surface layer of soil, the electronic dynamometer
converts the force into an electrical signal via the tension of the
cable; this signal is processed using a corresponding program on a
laptop and displayed as an oscillogram on the monitor.

Figure 3 shows the resulting oscillogram of soil cutting force
values at a depth equal to the length of the channel or angle iron of
the working body, i.e., 45 mm, in loamy soil.
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Figure 3. Oscillogram of cutting force values for loamy soil

During the studies, the cutting force values exerted by the
flanges of the channels or angles of the developed working body
were recorded while removing the surface soil layer in the center of
the pit, with ten repetitions.

A comparison of the theoretical calculations presented in [14]
and the field experimental studies revealed that the error between
the obtained results lies within the range of 4.5-8.6%.

Thus, based on the results of comparative studies, it was
established that the preliminary calculation of the soil cutting force
exerted by the channel and angle plates of the working body
adequately reflects the actual process of scraping the damaged soil
layer inside the pit.

Conclusions

The article presents a design diagram of the working body that
allows for field studies of the process of removing the damaged soil
layer from the center of a crater formed by explosions.

A methodology has been developed for conducting experimental
studies of the working body for scraping the damaged soil layer
from the center of the crater. Based on a comparison of the
theoretical calculations and experimental studies, it was established
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that the error between the obtained results is within the range of
4.5-8.6%. Thus, based on the results of comparative studies, it was
established that the preliminary calculation of the force and energy
consumption of soil cutting by the channel sections and angles of
the working body adequately reflects the actual process of clearing
the damaged soil layer inside the crater.
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