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General description of paper

Topicality of research. For a long time, market gardening has become
traditional in the central part of Imereti region, which is a major livelihood
security throughout this region. This has long been facilitated by the best soil
and climatic conditions and the high quality of primary produced, due to
which they have long conquered the stable internal and external markets. It
should be noted that demand for these crops is growing day by day. The main
advantages of vegetable crops produced in Georgia are their excellent
gustatory qualities, environmental purity and favorable climate for counter-
seasonal production.

It is well known that vegetable crops tending and growing operations
are very complex, and except for some operations, they are not easily
amenable to use of mechanization, due to which pretty heavy manual labor is
predominant.

With a view to increasing the intensification of the production of these
crops, in modern farming conditions, we have deemed it useful to use the so-
called bridge assembly (BA) as an energy source of mechanical means,
which will serve the tending and growing operations of vegetables and other
low-stem crops on the medium and small-contoured closed or open ground
(frequent tillage over the season, watering, fertilization, etc.). It will
significantly reduce agrotechnical terms required for operations, which is
necessary to ensure a few harvests per season under conditions of abrupt
climate change in Georgia.

The negative impact of tractor tires in the BA on the physico-
mechanical properties of soil no longer exists, thereby excluding the risk of
falling yields. In the service area of BA, as a small-scale agricultural base, we
can successfully use only biological preparations and fertilizers, which is one
of the main requirements of organic farming in the EU market.

In the conditions of bridging energy supply, the specific operating
conditions (suspended state) are ensured for the tillage machines, in contrast
to tractor units. Therefore, it is necessary to provide scientific study and
analysis of this process. Thus, the topic of the dissertation is related to the
elaboration of design, technological, economic-environmental and theoretical
issues of BA as a mobile stationary device, due to which we have no doubt
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about its urgency and practical application.

Goal and objectives of research. BA as a mechanical-technological
system for performing agricultural operations and its popularization on farms.
Optimizing the power-energy parameters of the soil-treatment mill suspended
on it.

In order to reach this goal, the following main objectives should be solved:

e Development of methodology for designing and calculating the bridge
assembly and its technological module, engineering calculation of
individual units of BA, developing theoretical and practical bases of their
reliable operation and studying their power-energy parameters;

o Justification of design features of a tillage cutter drive mounted on BA, as
well as traction-energy supply of its independent winch mechanism;

e Optimization of quality indicators of milling technological process;

e Economic efficiency of the use of BA, with account for the complex
mechanization of tending and growing of various crops.

Novelty of research.

e BA as a highly mechanical and technological mobile energy device in
agriculture;

e Development of theoretical bases for the design and calculation of BA and
the methodology for determining its power and energy parameters;

e Developing the basic designs of a bridge drive used for the tending and
growing operations of vegetable and low-stem crops;

e The design of a suspension mechanism of agricultural machinery
(technological module) mounted on BA and energy supply of its drive;

e Theoretical and experimental study of the operation of the tillage rotatory
machine mounted on BA and justification of the relevant parameters;

e Calculation of economic and environmental efficiency of BA.

Research subject. Bridge assembly and tillage machine-tool
aggregated with it.

Practical bearing of research. The mechanical-technological project
of BA prototype has been developed along with a technological module
(TM), which is used to increase the production volume of high-yielding low-
stem crops on small plots.

Research review. The following presentations were made on the
conferences and forums around the dissertation topic:
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1. Scintfic-practical workshops held at the Department of Transport and
Civil Engineering of Akaki Tsereteli State University, ATSU, Kutaisi,
2017-2020.

2. X International Annual Scientfic Conference of Georgian Mechanical
Union. Telavi, ATSU. 26.09.2019--28.09.20109.

3. V INTERNACIONAL SCIENTIFIC CONFERENCE - Production of
environmentally safe low-stalk agricultural raw materials using the bridge
assembly. HIGH TECHNOLOGIES.BUSINESS.SOCIETY  09-
12.03.2020 BULGARIA. University Sofia.

Published materials. Around the topic of dissertation, there have been
published 6 works, including 5 articles in high-rated peer-reviewed journals,
recommended by the Dissertation Council of the Faculty of Technical
Engineering of Akaki Tsereteli State University.

Volume and Structure of Dissertation. Dissertation consists of five
chapters and includes 19 photos, 8 tables, 25 drawings and 118 literary
sources. Dissertation comprises 156 computer printing pages.
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Brief description of work

The first chapter of the paper refers to some agro-technical
characteristics of vegetable crops, cultivation of which has a good track
record in Imereti region. It is unfortunate that recently, due to the delay in
commercial activities, the best specialists-practcians in this field have gone
abroad, where they started their business, especially in Iran, and realized their
knowledge and experience. Seedlings production is in great demand because
raw materials grown in our traditional areas are characterized by the best
flavor and healing properties. Precisely because of soil and climate
conditions, products produced in Iran and elsewhere are of much lower
quality than ours.

There are about twenty different species of vegetable crops, the
agrotechnical characteristics of which are very different from each other.

The main thing in cultivation of vegetables is to thoroughly cultivate soil
in small clumps (using the aggregates), to crush them so that they do not
hinder sprouting of already weak stems. In addition, are needed it is
necessary to continuously treat soils with a number of perspectives to
maintain the quality.

Bridge assembly (BA) is the best thing to freely turn the production of
vegetable crops into organic agriculture, which has a great potential both in
production and sales of healthy food products, especially on the export
market.

Organic agriculture (OAC) is a centralized state-of-the-art commercial
farming management system that helps to support the agro-ecosystem and
ensures good health of agricultural raw materials.

Organic agriculture (OAC) is closely linked to ecological agriculture
(EAC), which emerged in the 1920s, and through its gradual development,
we reached the 1980s, when in international economic relations there were
emerged the terms such as “green revolution”, “environmental standards”,
and “OAC regulation” (since 2002), and then they have been recognized by
European countries and the United States.

The International Organization of Organic Agricultural Movement
(IFOAM, Versailles, France, 1972) includes about 300 environmental
associations, whose boom started at the end of the last century. Scientists
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suggest that in the first half of the 21st century, agri-food production will
made green by individual companies and private owners in order to establish
themselves in the growing environmental market.

Such directions are adapted to the main areas of bridge farming, which
can be carried out in both land-owning and private mini farms.

Organic agriculture (OAC) involves the entire range of agriculture, but
relies mainly on the area when the soil remains without the use of any
artificial fertilizers.

The liquid biological preparations and organic fertilizers created in our
country, are distinguished by the universality and reliability of their action,
and they can be used on plots cultivated by BA. These preparations include:
Biocatena, Phytocatena, Agrocatena, Lepidin, Turingen, Boverin, etc. They
can be widely used to fight diseases of any crops, as well as to increase the
fertility of depleted soil (because of long-term exploitation), which is very
important for the same soils cultivated by BA.

The first chapter dwells also on a literary review on the topics around
bridge assembly as an electrically-energized traction force, on the basis of
which its pros and cons have been identified. The transition to market
relations of the agri-food sector usually involves the completely new
approaches in terms of scientific and technological support. The competition
in this field encourages the development of agribusiness and provides an
opportunity to increase financial resources through the use of modern
technologies, which should be based on producing environmentally friendly
agricultural raw materials. In this regard, bridge assembly (BA) ensures the
preservation of soil properties, which are deteriorated by the ground wheels
of the tractor units, to give the industrial character to crop production, and
the possibility of using the maximum automation and computerization.

The agro-bridging technology can be used as a routing of agricultural
machinery, which will serve the farmer throughout the season in the
tending, growing and harvesting of crops. It can be used to resolve the
following problems:

- During the use of bridge assemblies, the number of facts of irrational
use of seeds, water and areas is reduced by 1.5 times, which shows that the
agri-bridge complex has the advantages as follows:

- Performing works within the agrotechnical terms at any time;

-Protecting the natural environment from chemicals and oil products;
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- A significant saving of water, seeds, fertilizers and energy, per unit of
production.

- Liquid fuel saving due to centralized power supply;

- Reduction of service personnel in field operations due to automation
of technological process;

- Raising the profile of farm activities;

- Drying, packing and wrapping of agricultural raw materials on the
site.

Of course, BA has also its negative sides, such as the fact that all of
the work is performed in the area between rails, the widths of which may
vary. Also one of the reasons for its non-proliferation is the relatively high
cost, from which the farmer may draw back.

BA has a rather interesting history. A number of scholars have started
to design them, including Halcott from England, Prastorov and Borin from
Russia, Swetsky, Junetsky and Pravistorav from Poland, and others. They
created the bridge farming systems in the 1930s. This was followed by the
precedents of the creation of electric tractors, monorail technology in
Ukraine (Kharkov), USA (GE Elec-Trak "New idea" and Vazsatile-160),
Japan (Q "Yanmaz"), etc.

In Georgia, this was started by Prof. A. Didebulidze, Prof. K. Amirejibi
and PhD student V. Manvelidze, who created the electric motor tractor on
the basis of "Forzoni".

Since the 1970, under the guidance of the staff of the K. Amirejibi
Research Institute of Mechanization and Electrification of Georgia (V.
Metreveli, Sh. Chelidze), there has been created the electric terracer
designed for working on slopes.

In 1980-90, at the Faculty of Mechanization of the Institute of
Subtropical Economy of Georgia in Sukhumi, under the guidance of Prof.
V. Chichinadze, the monorail transporter with the internal combustion
engine was improved, which was designed for citrus cultivation in
mountainous conditions.

BA moves (see Photo-1) on rails permanently mounted on the
longitudinal perimeter of rectangular plot and covers the entire work area
during the movement. It is a welded metal structure (joints made of angle
fittings, channel beams and other assortment materials) that has the running
wheels for moving on rails.
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Photo -1 Bridge assembly
L- Length of the confinement pen L=50 m;
1.- BA workshop; 2. — Welding structure;
3. - Rails; 4. — Technological module.
C1, C2, C- The widths of the confinement pen, 10 m each.
Total operating area of BA F=1500 m?

Two of them (right and left ones) are the traction ones. The power supply
is in the form of electric motors, which are connected to the reducer, chain
drive and driving wheels.

The main working system of BA is a technological module (see Fig. 3),
which has an independent drive. Various adapted agricultural machines and
tools can be mounted on it. In our example, there is considered a rotary plow
with an active working body required for surface tillage. It treats the soil
when soil is in a suspended position (see Fig. 1).

Switching of a technological module (a universal suspension
mechanism) from the deactivated to the activated position is carried oud by
means of a 0.8-kW electric motor. The design of BA (especially the height)
can be determined taking into account the specialization of agricultural raw
materials production. For our case, it is made for performing tending and
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growing operations of the so-called low-stem (low-stalk) crops. To carry out
maintenance work on low-yielding crops, which is very plausible.

The technological module — the cart has a simple design, which is
controlled (moved) by an independent engine (electric motor, reducer, winch,
rope, and other accessories).

BA is also equipped with a blocking (braking) device that protects it
from self-displacement in windy conditions.

Since BA is a fixed device, we can look for alternative energy sources
for it (solar, wind, etc.). Moreover, depending on which crop we are dealing
with, it is used seasonally according to the agrotechnical requirements. It is
also effective at harvest, because it can be used for raw materials primary
processing, drying, packing, etc.
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Fig. 1. The electrical schematic of bridge assembly
- B.1, B.3 and B.2, B.4 — the block contacts in accordance with the rear and front lateral
positions of bridge.
- B.5 and B.6 - the block contacts in accordance with the right and left positions of cart,
respectively.
- B.7, B.9 and B.8, B.10 - the block contacts of the upper and lower position of wheels,
respectively.
- B.11 - the block contact determining the bridge standing on rails.
- E. 3E. 4 - E. 5—the engines of different capacities.
BA is served by five electric motors: two motors on the area shown for the movement of 1-
kW BA (F = CL, m?); one engine is powered by a 3-kW technological module, and each of two
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0.8-kW engines is used for setting in motion the technological module and winch.
BA is a universal mechanism, and therefore it is not only an object of

mechanization, but also an object of using automation, robotization and
computerization.

Figure 1 illustrates the direction of BA movement, at a speed of V..
The direction of movement of a technological module (with a cart
suspension mechanism), at a speed of Vo.
The operating width of the cutter (B) assembled with a technological
module.
It is noteworthy that BA was created 2 decades ago by the electrician G.

Kheladze in Kutaisi. Our goal is to promote this facility among the farmers
by using appropriate resource-saving materials and justifying their cost-
effectiveness, although no scientific research has been conducted on it.

This chapter refers also to research works carried out with a view to
selecting agricultural machines. From both small and large mechanization
units, there has been selected the complex of machines that can be easily
mounted on the BA for performing the main operations, which is capable of a
number of operations such as: tilling, application of bio-preparations and bio-
fertilizers at the target area, multiple watering, sowing and planting of
seedlings and so on. The issue of operation of each machine with BA should
be addressed in a separate research, due to which the paper, as mentioned
above, deals only with tillage following the example of the suspended rotary
plow.

The second chapter of the paper refers to the selection and engineering
calculations of the main components of BA, so that in the fifth chapter we
can calculate the cost of the assortments, fastening and building materials,
engines, reducers, fabrication operations, assembly works and other
accessories required for BA, which is needed to determine economic
efficiency.

The third chapter deals with the theoretical studies on the functioning of
individual components of BA, selection of its drives, the dynamic analysis of
operation of a technological module (TM) of BA during milling, its operating
modes, and so on. Let us consider the operation of a TM.

TM generates kinematic energy during motion, which is ultimately

calculated using the following well-known formula
GV?® lo° V2
v (1)

E __Mred_
29 2 2
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where G/g — is a mass of TM, kg; V — a speed of TM (with a rope), m/sec; I-
the moment of inertia of the rotatableparts of a rotary plow, kgm? ; »- an
angular speed of a rotary plow, sec™ ; Mreq — the reduced masses of the TM
parts in rotational and rectilinear-translational motion, kg; while the
operation performed by TM, which is adequate to E will be calculated as
follows

Due to the fact that after stationary motion of TM (V=const ), the moment

of inertia of the cutter 1 =M % no longer exists, (2) takes the following form

du = (P, — P — Py )- vt (2)

I:)Win = I:)res + I:)fr (3)
where P, . tractive force generated by a winch of TM, kg; P; - the

resistance to motion, kg; Pcut — the resistance of a rotary plow, kg.

Thus the motion of TM, as well as the motion of BA itself, can be
described by Lagrange’s differential equation of the second kind, which is the
basis for the principles of dynamic action of moving bodies and does not
differ from the objects having the different designs. We have in mind the
design, transport and various-purpose units.

Figure 2 illustrates a kinematic configuration of the existing (operating)
BA with indication of energy sources. The configuration in the center shows
the TM (B) with design that we improved, which is a system for suspending
different machines on the BA. The TM moves to the right and to the left with
electric engine and winch, which pulls the rope, the TM’s cart rolls on rails.

Loads on the supporting-running wheels of BA are sometimes distributed
symmetrically, sometimes in the longitudinal and transverse directions. This
load also varies due to the weight of the various accessories mounted on the
site of bridge assembly, such as a workshop cabin, workshop equipment. The
tillage machine is mounted on the TM- a rotary plow and its driving
mechanism machine (winch, frame, farm, drive shaft, reducer, external
transmission and electric motor) and various accessories.

To ensure a smooth movement of TM, it is necessary to avoid locking in the
guiders of the cart wheels.
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Fig. 2 A kinematic configuration of BA

A- BA drive: 1- Electric engine; 2- Reducer; 3 - Muff; 4- BA wheel; 5- Chain transmission;
6- Rail with a concrete base

B- Technological module: 7- Electric engine; 8 - Muff 9 - Reducer; 10 — Rotary plow; 11-
Rotary plow transmission; 12 — Cart wheel; 13 — Small rail.

C- TM’s suspension mechanism: 14 - Electric engine; 15 - Muff; 16 - Reducer; 17 -
External gear drive; 18 - Pin; 19 - Spring

D- Winch: 20 - Electric engine; 21 - Muff; 22 - Reducer; 23 — Drive shaft of the rope; 24
Driven shaft of the rope.

B+C- Technological module: (drawn separately because of complexity) 25 — BA frame

(top view); 26 - BA frame (front view); the right wheel is not shown in the scheme.
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Fig. 3 The design model of a dynamic balance of technological module (cart) with front
view (above) and top view (below)
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The simplified configuration of the cart (see Fig. 3) illustrates four
static points: A, B, C, and D - the statically indeterminate system. In the
dynamic and static states, it is loaded with weight force Gw, electric motor,
reducer, winch, which ensures the movement of the cart in the guiders by the
reaction forces P and the rototilling resistance force R. There was designed
the model for calculating a dynamic balance of loads at these points (4 R).

The weight force is the total vertical force acting on a working body. It
is distributed on the supporting rollers while the cart is moving, and they
generate the anti-displacement forces in the guiders. Also, the driving forces
of bearings placed in the couplings and the moment that they created, enforce
the cart to turn to the right or left from the direction of movement.

As already mentioned, there are three different forces acting on a TM:
the rope pulling force P created by the first winch, the resistive force R
aggregated to the TM, and the total weight force Gs of the TM, which is lifted

from a horizontal position at the Zo distance, (because there are placed the
frame of the cart and a rotary plow itself. The nominal load G, is distributed

on four supporting rolls ABCD,; the force % remains constant even when

the BA returns back, and this continues until milling of the area F=CLm? is
finished. At this time, the number of the cutting strokes is ne=L/B, where is
an operating width measured in meters (B = 0.7 m)

In the course of a technological process, the resistance R of a rotary plow
cannot ideally be at a point O, as the soil resistance changes along the entire
operating width, and the traction line bends at an angle of a, thus creating risk
of locking of wheel the cart in the guiders due to the creation of the rotary
moment M.

Thus, the supporting cart of a TM will have loads in the wheels as follows:

A:GZPH\A [ (E?z-sap)z‘_M [ S(IGMP)Z
22|_¥ 2b2+Q
i cl ] | cb
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Let us note the loads y: and y. on the axis of the cart wheels of the
TM; as can be seen the vectors of both of these forces are at the center of
geometric axes of the rollers at the point O (top view) and at the point D
(front view).

In order to avoid locking of wheels in the guiders while moving the cart,
which is also caused by frictional forces, the following condition (inequality)
must be valid:

R=P,, > X, +Xg» (5)
where P max is the maximum force of pulling the winch rope; Xa, X -
the frictional forces in the couplings. R- the maximum on the rope.
The chapter dwells also on a dynamic study rotary tillage using the bridge
assembly.

The main characteristic of a statistical dynamics (the same thing as
statistical mechanics) of BA as an agricultural aggregate, is the mechanical
movement, which is considered not in the field of determinism but in the
field of indeterminism. The latter implies the changing nature of all the
phenomena involved in the movement, as well as their action on each other.
For example, during soil tillage, the variability of the traction force varies
within 30% of its value, and its average value is considered to be the
calculated one.

According to statistical mechanics, all agricultural operations are the
so-called ,,black box" with its input and output parameters.

The input parameters are: R(t) — soil resistance, which (during the
experiment) is recorded by tensometers or dynamometers and is available in
the literature; ¢(t) — inclination of the frame from the linear direction, m.

The output parameters are: N(t) - force or power consumed, kg and kW,
respectively;

z(t) - the maximum size of the grinded clod, mm; (degree of grinding).
We deem it necessary to point out that for a given example, the power-energy
costs of BA, and not of the tractor aggregate, are not as important as the
quality of soil tillage (breakage), because this factor is important in the
sprouting of vegetable crops and directly affects crop yields. Therefore, our
research was conducted in that direction.

At this point, a question naturally arises, on linking the input and output
parameters by means of the so-called operator (W), which should show the
dynamic parameters acting on the process.
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y(t)=Wx(t) (6)

Analytical determination of the operator is, in some cases, a difficult task,
as they are often not in a linear relationship between the arguments and
functions, so there is used here the so-called the method of identification
(linearization) that facilitates research. One of these methods is the
"regression™ method, which involves finding the empirical relationships. This
process is based on the theory of random functions, obtained by the
methodology of mathematical statistics (the average value of the parameter,
inclinations, dispersion, correlation and spectral analysis, etc.).

In order to clarify the relationship between the dynamic parameters of
rototilling, let us try to use its simplified scheme (see Fig. 4) and use a
differential equation

& = ML Sina - R, L, sina—R,L, cosa +Ql;sina (7)

where |- is the moment of inertia of the mass of the suspended, kgm?; « -

tilt angle of a suspended rotary plow, degrees; M -the mass of a rotary plow

together with a technological module, kg (t); Li- moment arm, m; R, Rx— the

soil resistance forces towards a rotary plow at the center of a rotary plow disk
(n), which arise after the disintegration of Rxz.

At stationary motion of the aggregate v=const, there is no moment of
inertia, and the last equation is equal to O, i.e. if the rotary plow moves at
equal velocity (equilibrium mode), we can analyze the equation of milling
cutter motion, and as a result of a number of transformations, we obtain the
W expression of the operator

ML, sina —R,L, sina —R, L, cosa +Ql,sina =0 (8)

It is reasonable that during nonuniform motion of a rotary plow, power

factors R! , R? and Q° will receive instantaneous small forces (increments),

due to variability of Ae R, =R?+AR, ; R,=R{+AR, ; Q=Q°+AQ , on the
basis of which the drag-bar of a rotary plow will be tilted at an angle
a=a,+Aa, Where "0" corresponds to stationary motion of a rotary plow.
Since A« is small, we can get it or, then (7) will take the following form:

1& = ML, sin(a, + Aa)— (R + AR, L, sin(a, + Acr)—

(R + AR, )L2 cos(a + Aar)+ (QO + AQ)L, sin(a, + Acr) (9)

If we insert the above-mentioned increments into this formula

R, = f(a,at); R, =f,(a,a.t) (10)
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Fig. 4 A simplified scheme for calculating the dynamic parameters of rototilling — a);
A rotary plow kinematic scheme — b); Axonometric projection — c)
c)- 1- Bridge assembly with rals; 2- Technological module; a)- 3 — Suspension mechanism; 4-
The frame for placing a rtary plow at the depth; 5 — Winch rope; 6- Confinement pen; 7- Rails
for the movement of technological module; 8- Rotary plow; 9- Winch drive; b)-10- External
transmission; 11- Conic transmission; 12- Working body (rotary plow); 13- Reducer; 14-
Electric engine; V1 - Rotary plow movement direction; V- BA movement direction.

For the purpose of linearization, we will use Taylor's decomposition
method (in the form of first two terms), as a result of which we will get the
formula relevant to oscillation of the drag-bar IAa =BAa+CAa=Df(t) and

taking into account the increments and B, C, and D coefficients, for which,
after the introduction of designations we obtain the following expression
T2 Aa+T,Aa+Aa =K (t) (11)
where T1 and T, are the values denoting the inertial and damping
phenomena, K — the drag-bad pressure ratio, F(t)- is the expected excitation
of a rotary plow.
Further transformations allow us to get the type of the operator-
transmissive function

K
W = , 12
T’P>+T,P+1 (12)

on the basis of which the roots of the obtained quadratic equation
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T2P*> +T,P+1=0 are represented in terms of the oscillation of the drag-bar

of a rotary plow with an angle Aa
Ac = K(l— LI LM‘) (13)
Ay =4 Ay =4

This is an analytical expression of the "transmissive function” of a
rotary plow, a mathematical model. The values of the obtained Aa should be
taken into account in order to reduce the oscillating phenomena to the useful
level during the design process.

The chapter also describes the peculiarities of the operation of the
milling cutters in accordance with methods developed by N.I. Klyonin, V.A.
Sakun, A.B. Lurie and others, as well as the optimization of operating modes
of BA with the energy requirement criteria.

In order to choose the energy source of BA, a number of engineering
calculations have been performed and the speed of movement of the system,
acceleration, forces required for the movement, capacities, and son have been
obtained. However, this is not enough with respect to modern requirements.
It is necessary to carry out a theoretical study of the nature of the so-called
transient modes of the system, with a view to adjusting the parameters, in
particular the power capacity.

From a research perspective, the BA must meet the following
requirements:

1. During the so-called transient processes, it is necessary to limit the
accelerations within acceptable limits. This concerns to the phenomena that
may often occur in the BA operation process in various modes during the
wheel slippage or running, or during severe braking.

2. The electric engine must be capable of reversing both during the engine
operation and during braking.

The dynamic loads in BA occur in different modes (start, stop, reverse,
etc.) when the moment M developed by the engine is balanced by the static
moment Ms: developed on the engine shaft, and by the inertial forces created
by the dynamic moments Mgy of the power mechanisms. In general, the
equation of motion of this system is as follow

+ M = Mgyn £ Mgt (14)
where, in turn

d
Mdunzlzd_cfi (15)

50



Here is the moment of reduced inertia of the engine rotor and rotary parts
(masses)
2
|Z=K|d+mz(lj , (16)
W,
where my. is a total mass of elements of BA in linear motion, kg; while
K- insurance coefficient. Here, we should also take into account one more
coefficient 5.
During acceleration, the power is transferred from the engine to the
transmission, while during braking, on the contrary, from the transmission to
the engine, that is, therefore, from (16), we will have

Iz=k|d+{m{wlj ]77 Iz:kld+m{wiJ n (17)

Thus, taking into account the losses occurred during the transient
processes in the transmissions of BA, eliminates gross errors in the process of
choosing the engine power.
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Fig. -5 The points characteristic of mechanical parameters of asynchronous motor

We have calculated the power, rotational torque and angular velocity of
BA using the well-known methods, and the following major parameters have
been obtained: Ny=3,3 Kw; Mnom=21,7 nm; wnom =152 rad/sec.

Based on this data, we selected and specified the relevant engine
parameters from the catalogs, used the theory of academician R.

51



Makharoblidze and constructed the mechanical characteristic of the engine
(see Fig. 5), for which we obtained a linear correlation relationship M=
455,7- 2,7m.

In practice, during acceleration and braking, we can obtain for guidance:
3-5 seconds for the start of the BA movement, and 10-15 seconds - for
starting the egine of a technological module.

The fourth chapter dwells on an experimental study on determining
the quality of soil tillage performed by the suspended milling cutter. There
was measured the maximum length (Li) of the shapeless clods of a grinded
mass on the soil surface tilled by a rotary plow, and the results were
processed using the theory of mathematical statistics and probability. There
have been determined the arithmetic average, the mean square deviation, and
the variation coefficient of the dimensions of clods. Change in the
dimensions obeyed the law of normal distribution.

There were selected the values of the distribution function f(L). The
adequacy of the theoretical and statistical distribution functions was checked
according to the Weibull criterion, on the basis of which the graph was
produced (see Fig. 6).

As is well known, Weibull’s law of distribution, by the density
distribution, is as follows

F(L) = g[gjbl expli[g)b:l , (18)

Where, by taking the a, b and other parameters from standard table, through
the proper calculations, we obtain the final expression of differential

function.
f (L) ﬂﬂxp{{ﬁl_,ejz‘l} (19)

It is known that in addition to the kinematic parameter of 1 of a rotary
plow, the dimensions of the grinded clods are also affected by: soil type,
moisture content, surface condition (tilled, rested, cultivated, etc.). We
believe that of these factors, the most substantial are4 and T , These two
arguments arei and were obtained for the design of two-factor experiments
Y = f(x,X,), and a proper study was carried out taking into account the

existing methodology, on the basis of which, there was obtained the
regression equation y =285+7,251, where 28.5 is a free term and equals the

average value of the clod, mm; as can be seen from the regression equation,
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the second factor — moisture content, does not significantly affect the quality
of grinding.

Experiments have revealed that during the tillage, there are acting
horizontal, vertical and inclined (galloping) vibrations act on the mill during
soil processing. It is not advisable to completely damp them by means of
vehicle damper, because the overall moderate vibrations on the contrary help
the rototilling process and determine the high quality of soil tillage.
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Fig. 6. Distribution of optimal dimenions of clod during rototilling by TM of BA
1.11-Statistical series histogram and smooth curve (Weibull function)
2.2%- An integral (mathematical) function

The fifth chapter 5 of the paper refers to the calculation of economic
efficiency of the dissertation paper, which is taken into account following the
interests of organic agriculture:

- The net profit obtained from the cultivation of selected crops was
determined, which amounted to 7125 GEL/per season.

-There were determined the costs of manufacture and operation of bridge
assembly as technological equipment, which amounted to GEL 11448.

- The payback period for capital investment or the bank's interest
compensation is 3 years
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Overall conclusions
The advantages were justified of using BA as a mobile-stationary device
for performing the tending and growing operations of vegetable at any
time for the stable-income farmers.
The required machines were selected for performing the main operations
by BA, mostly from the small mechanization technological tools,
according to the requirements of organic farming on technological
operations of soil tillage, watering, application of biofertilizers bio-
preparations, sowing and planting technology.
The engineering calculations were performed for determining
guantitatively the total weight of BA and its assortment material; for
completing individual units, drives, selecting electric motor, reducer,
winch and their accessories for completing. The electrical schematics of
the automated control of BA were developed.
An improved version of BA was developed, with which it is possible to
perform the main tilling and pre-sowing operations; in addition, it has
been theoretically justified how to apply the bio-preparations and
biofertilizers in the process of BA motion, and perform sowing and
planting, multiple watering operations.
An analytical study was conducted on the dynamic balance of BA. A
differential equation of its motion was composed, linking to each other its
kinematic parameters, reduced masses, moments of inertia, speed of
motion, and so on.
The coordinates were determined theoretically of the center of masses of
BA, loads on the supporting wheels, the total weight of the BA
manufacture workshop (cabin), inertial and wind forces related to the
additional forces generated due to the movement of TM, as well as of the
specific energy capacity of a rotary plow (traction resistance).
Analytical test was carried out on a dynamic balance of TM, taking into
account the expected imbalance of loads generated in the supporting rolls,
as well as the additional loads caused by turn maneuver in the guiders of
the rolling wheels (slide assembly), which increases the loads in a winch
drive.
A dynamic study was carried out on a suspended rotary plow, using a
differential equation for the functioning of a rotary plow. By its
linearization, the function was decomposed by Taylor's method. The



obtained "Transmission Operator" was reduced to a quadratic equation,
which causes the galloping (tilted) oscillation of the bar of rotary plow.

9. There was carried out optimization of operating modes of BA (starting,
braking, reverse, etc.); that is, the loads generated during the transition
processes in the transmission were taken into account when selecting
asynchronous electric motors.

10. As a result of an experimental study on the suspended rototilling
process by BA, it was established that the qualitative indicator of the
technological operation obeyed the law of normal distribution, in
particular the Weibull’s law of distribution, while the relationship between
the so-called "kinematic parameter" of a rotary plow and the number of
the rotary plow cutters was determined by least-square method
y=28,5+7,254.

11. The spring-loaded system inserted between the TM and a rotary plow
of BA reduced the oscillations only in part. The presence of the so-called
galloping oscillations in the operation of this system, is due to a free
suspension of a rotary plow, which rarely encountered in the case of bus
tractor units. We do not consider it appropriate to reduce the maximum
oscillations by using the motor shock absorbers, because moderate
oscillations, on the contrary, help the rototilling process and determine the
high quality of soil tillage.

12. The costs of manufacture and operation of bridge assembly as
technological equipment, which amounted to GEL 11448. The net profit
obtained from the cultivation of selected crops amounted to 7125 GEL/per
season, while the payback period for capital investment or the bank's
interest compensation is 3 years.
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