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IMPROVEMENT OF THE SOIL THROWER
USED TO EXTINGUISH FOREST FIRES

Kovalev Alexander Alexandrovich
Candidate of Technical Sciences,

Associate Professor
Kharkov, Ukraine

Introductions. The effectiveness of the operational actions of fire departments
in extinguishing forest fires largely depends on the state of fire-technical weapons
and the material and technical base, which are currently ineffective, morally and
physically obsolete, require replacement and substantial modernization using modern
innovative scientific and technological achievements.

Aim. Development of new fire-fighting equipment, small in size and universal
in technological purpose. One of the examples of such equipment is multifunctional
tractor tractor soil throwers designed to extinguish lower forest fires and create fire
mineralized strips by throwing soil when driving in difficult conditions.

Materials and methods. When fighting ground forest fires, soil is one of the
most affordable and effective fire extinguishing agents. Effective ways to prevent and
extinguish forest fires is laying mineralized strips and filling the edges of a moving
fire with soil [1].

An analysis of the existing designs of tractor-driven soil throwing machines
with the help of which warning and extinguishing fires are carried out showed that
these tools are represented by fire fighting fire strips and soil fire throwers, which are
coupled with tractors of the third or more traction classes equipped with a rear
mounted system. As the working bodies in these mechanisms, soil mills of various
types are used [2].

Forest paved fire strips are designed to create and renew wide fire barriers, as a
measure to prevent the spread of fire, as well as in the direct fight against forest fires.

Ground fire throwers are designed for active suppression of ground fires with a
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directed stream of soil and the arrangement of mineralized strips in front of the edge
of forest fires.

A common significant drawback of all the tractor soil throwers examined is the
lack of technical ability to work on medium and heavy soils, as well as low
productivity (soil feeding efficiency). In addition, the considered soil throwers are
developed in relation to the conditions of movement along the forest roads and
clearings, which impedes their use inside the forest blocks, where there are a lot of
roots, fallen trees, stumps, etc. which impede the possibility of approaching and
timely performing operational actions to extinguish and prevent the spread of the fire
front.

Therefore, an urgent scientific and practical task is to justify and develop the
design of an innovative tractor forest fire thrower to improve the performance of soil
throwing, as well as to ensure efficient operation on medium and heavy soils when
driving in difficult conditions.

The set goals and objectives can be solved if two paired rotary cutter-
cultivators are used in series with rotary soil throwers as the working body of the soil
thrower. Rotary cutter-rippers are the most walkable in conditions of soils saturated
with roots of different diameters, stumps and other mechanical inclusions, and the
formation of an intermediate layer of loose soil in front of the cutter-throwers can
significantly reduce the power consumption of the base chassis engine, which, in
turn, allows to deepen the blades of the milling throwers to their entire height,
thereby increasing the amount of soil supplied and the thickness of the fire coating
layer.

Based on the foregoing, we have developed the design of a tractor forest fire
thrower, which is a trailed module for tractors and consists of a supporting frame, an
attachment with a hydraulic cylinder for raising and lowering, a safety clutch, a
camshaft, a driveshaft, guide shafts and track rollers. The working body of the soil
thrower is formed by two twin rotary cutters, rippers installed in series with rotary
soil throwers (Fig. 1). Figure 2 shows a diagram of the working body of a fire

thrower.
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Fig. 1 Scheme of soil thrower
1 - supporting frame; 2 - attachment with a hydraulic cylinder for raising and
lowering the supporting frame; 3 - rotary throwers of the soil; 4 - rotary cutters soil

cultivators; 5 - distribution gear; 6 - safety clutch; 7 - driveshaft; 8 - track rollers; 9 -

guiding casings.

Fig 2. Scheme of the working body of the soil thrower
1 - drive shafts; 2 - rotary cutter soil baking powder;

3 - rotary cutter soil thrower;

The process of tractor tractor thrower is complex and multifactorial. His
mathematical model represents the relationship of input parameters (factors) and

output characteristics (criteria), which can be divided into 4 groups [3,4]: Parameters
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of rotors; Parameters of rotor bearing discs; Terms of Use; Performance indicators.

The first group of parameters includes parameters that have the most
significant effect on the efficiency of the soil thrower process: rotor speed; the depth
of the rotor blades into the soil; the width of the blades of the rotor-thrower and rotor-
baking powder.

The second group includes two geometric parameters of the disks: the angle of
attack of the disks with respect to the translational direction; the depth of the disks
into the soil.

Parameters describing the operating conditions of the soil fire thrower include
the forward speed of the soil fire thrower; soil density; the force of viscous friction
between the soil element and the working surface of the machine.

The efficiency of the soil thrower is described by the output characteristics
(criteria) to be measured during the experimental studies: the productivity of the fire
soil thrower (mass of soil ejected outside the machine, per unit time); specific soil
supply per unit edge area of a forest fire; average throwing distance of the soil;
average power consumed by the machine.

Since the main production units of the fire soil thrower are the rotor-baking
powder and rotor-thrower, it is their parameters that will significantly affect the
efficiency of the machine. The study of their influence in the complex will allow you
to find the optimal areas that are not predicted in advance, and formulate
recommendations for choosing the appropriate design parameters.

For example, we give a calculation of the productivity of the soil thrower
P (kg/ s) and the specific soil supply per unit edge area of a forest fire q, depending

on the parameters of the rotors:

P=p-h-d-N-w (1),
_p-h-d-N-w
= S (),

where: p — soil density (kg / m3); h — the depth of the rotor thrower blades in the
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soil (m): d — the width of the rotor thrower blades (m); N — number of blades on the
rotor thrower; @ — rotational speed of the rotor-thrower (r / s);S — fire edge area (m2).

Similar calculations for other indicators of the effectiveness of the fire thrower
soil allow us to derive analytical dependencies of the parameters (factors) and
characteristics (criteria), which in the future will serve as the basis for constructing
the optimal model of the soil thrower.

A comparative calculation of the power consumed by the soil thrower of such a
design when arranging a mineralized strip was carried out [3,4]. The existing GT-3
soil thrower was taken as a basic sample. The power to the thrower drive with the end

feed of the material can be approximately calculated by the formula, kW:

_ H;K;J;V r Vﬁz - L]ug + (r.-w 1o )f .

N = oy (ry +1,) x I-sing
ment 3,6 w 106 2g cos ac:

g cos @

{sin al +

1)

where: V;,V,— are the ejection and axial feed rates of the soil into the thrower,

Vo — peripheral speed at the periphery of the thrower blade, m/s; ry, r, — radius of
the thrower blade and the center of the point of soil supply to the thrower, m;
K, — coefficient of loosening of the soil; o’o is the central angle between the radii at
the lower point of the thrower and at the point of start of the ejection; wy — is the
angular velocity of the thrower blades, 1/s; ¢, f — is the angle and coefficient of
friction of the soil on the blade; g is the acceleration of gravity, m/s% yr — specific
gravity of the soil in H/m% Il — specified capacity, m3/ h.

Results and discussion. The calculation showed the required power for the
thrower drive, however, a number of indicators are taken from the range of tabular
values that does not allow using the obtained value for direct comparison with the
existing analogue (data for which were obtained empirically on unspecified soils).
Therefore, it became necessary to carry out a calculation for the well-known GT-3
design with a theoretical definition of the required power, compare the obtained value

with the power indicated in the tactical and technical characteristics and use the ratio
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of these capacities as a complex correction factor.

Applying the found correction factor to the calculated value of the required
power for the proposed design, it can be argued that the actual power consumed by
the soil meter of the proposed design was found with indicators as close as possible to
the original sample without the need for its direct manufacture and testing.

The calculations made it possible to argue that the proposed design is not only
more compact, but also more energy efficient (the required power is lower by
34.7%). The indicated reduction in power consumption reduces the requirement for
the tractor traction class, which in turn will lead to a decrease in the overall weight
and size of the complex, and therefore its cross-country ability in difficult forest
conditions.

Conclusions: The proposed design of a tractor fire soil thrower allows for the
efficient arrangement of mineralized strips and extinguishing bottom fires on all types
of soils in the presence of roots, felling, stumps and stony inclusions. The use of two
twin rotary cutter-rippers installed in series with rotary soil throwers as a working
tool allows you to reduce the power requirement of the base chassis, which allows
you to install this soil thrower on a tractor of a lower traction class, which reduces the
cost of carrying out operational extinguishing actions, use this unit with lighter
equipment and carry out mechanized work in previously inaccessible places by

reducing the overall dimensions of the machine.
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