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GENERAL CHARACTERISTICS OF THE WORK

Relevance of the topic and degree of elaboration.

In the modern era, the fundamental and comprehensive
development of road infrastructure and agriculture, which is one of the
leading directions of the republic, requires, along with other areas, the
reconstruction and efficient use of systems intended for irrigation and
protection of road surfaces. The adoption of a new concept of
agricultural development in the republic has made it necessary to
increase attention to this area. For this purpose, the proper use and
exploitation of existing melioration irrigation systems is emerging as
the most urgent issue of the day.

The majority of agricultural products in our republic are
produced in areas with extensive irrigation systems. In this regard, the
use of existing irrigation systems, collector-drainage networks, and the
cleaning and repair of channels are important issues.

Since the drainage networks of existing channel consist of a
large number of mechatronic dynamic components, the application of
modern CAD/CAM automated design systems for the development of
their new designs, preparation of technological reports, selection of
electronic parts, design of precise measurement, regulation, control
and execution mechanisms, and determination of functional
characteristics can be very important in solving this problem.

Unlike earthen channels, certain technical problems arise in the
process of cleaning concrete channels. Currently, concrete channels in
the republic are cleaned with a single-bucket excavator or by using
manual labor. The use of single-bucket excavators damages and
destroys concrete covers, while the use of manual labor reduces
productivity.

Object and subject of the research. The dissertation work is
dedicated to the design process of the control system for the working
mechanism that cleans the channels and ditches used in irrigation
systems, specifically for the drainage of water, which is applied in the
republic’s agricultural and road infrastructure development. The goal
is the development of automated design tools for the regulating



components of the working mechanism that cleans the channels and
ditches.

Purpose and objectives of the research. The purpose of the
work is the development of automated design tools for the
improvement of the structural, technological, and design
characteristics of the regulating components of the working
mechanisms that clean the channels and ditches in the fields of road
infrastructure and agriculture.

Research methods. Based on the topic of the work, literature
sources and internet resources were searched and studied; the
information, mathematical, and design-oriented tools of automated
design systems were analyzed, and algorithmic and mathematical
calculations were carried out using CAD/CAM, MATLAB, Solid
Edge, and SolidWorks 3D software tools, with their practical results
obtained through comparison.

Research methods. Based on the topic of the work, the search
and study of literature sources and internet resources, the analysis of
information, mathematical, and design-oriented tools of automated
design systems, and algorithmic and mathematical calculations were
carried out using CAD/CAM, MATLAB, Solid Edge, SolidWorks 3D
software tools, with their practical results obtained through
comparison

Main provisions submitted for defense:

1. Setting the overall purpose of the work and defining research
tasks based on the analysis of automated design tools for the regulating
device of the working mechanism that cleans channels and ditches for
road infrastructure and agriculture;

2. Development of information, mathematical, and software
tools based on the automated design stages of the regulating device of
the working mechanism that cleans channels and ditches for various
road infrastructure and agricultural areas;

3. Development of the general architecture of support tools for
automating the design process of the regulating device of the working
mechanism that cleans channels and ditches for road infrastructure and
agriculture, based on the principles of universality and transparency;



4. Development of algorithmic support for analyzing the design
stages of the regulating device of the working mechanism that cleans
channels and ditches for agriculture and road infrastructure;

5. Development of algorithmic and mathematical support tools
to study the technological and functional characteristics of the
regulating device of the working mechanism that cleans channels and
ditches;

6. Development of information support and its tool algorithms
to ensure the automation of the design process of the regulating device
of the working mechanism that cleans channels and ditches for
agriculture and road infrastructure;

7. Development of general software, consisting of design,
simulation, and animation program modules, to automate the design
of the regulating device of the working mechanism that cleans
channels and ditches.

Scientific novelty of the research

Scientific novelty of the dissertation work include:

1. Models of the database of data and knowledge were
developed for the automation of the design of the regulating device of
the working mechanism that cleans channels and ditches installed in
agricultural fields;

2. Technological and design sketch projects of the application
object were developed for the automation of the design of the
regulating device of the working mechanism that cleans channels and
ditches installed in agricultural fields;

3. Algorithmic and mathematical support tools were developed
for the functional analysis of the regulating device of the working
mechanism that cleans channels and ditches installed in agricultural
fields;

4. A design modeling tool was developed for the regulating
device of the working mechanism that cleans channels and ditches
installed in agricultural fields.

Theoretical and practical significance of the research. The
information, algorithmic, mathematical, and software tools of the
proposed automated design system for regulating the working
mechanism that cleans channels and ditches used in various types of
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agricultural fields are based on the principles of intelligence,
universality, and transparency. The proposed automated design tools
are included in a comprehensive managed software structure and are
suitable for application in the development of the regulating device of
the working mechanism that cleans channels and ditches in different
agricultural systems.

Approbation and application. The main results of the work
have been published in the materials of the following conferences:
Building Innovations-2018, | International Azerbaijan-Ukraine
Conference (Poltava, May 24-25, 2018); International Scientific-
Practical Conference on the Application Opportunities and Prospects
of Information Technologies and Systems in Construction (Baku,
January 12-14, 2018); Republican Scientific Conference on Artificial
Intelligence and Its Application Areas (Sumgayit, December 18-19,
2023); LXI International Scientific-Practical Conference "Advances
in Science and Technology” (Moscow, June 1-2, 2024); and
International Scientific Conference “Artificial Intelligence: From
Theory to Practice” held at Nakhchivan State University (Nakhchivan,
September 17-18, 2024).

Name of the organization where the dissertation work was
carried out. The dissertation was carried out at the department of
Information technologies and systems of the Azerbaijan University of
Architecture and Construction.

Volume and structure of the dissertation work. The total
volume of the dissertation is 177,336 characters (title, table of
contents, and introduction — 34,511 characters; Chapter 1 — 37,498
characters; Chapter 2 — 34,327 characters; Chapter 3 — 29,767
characters; Chapter 4 — 41,233 characters). The dissertation consists
of an introduction, four chapters, a conclusion, a list of 155 references,
and appendices. The dissertation includes 169 pages of text and 33
figures.



CONTENTS OF THE WORK

In the introduction, based on the topic of the dissertation work,
the relevance of the scientific problem was determined, the purpose
and main tasks of the work were defined, the scientific innovations,
practical significance, main provisions submitted for defense, and a
brief summary of the issues considered in each chapter of the
dissertation work were presented.

In the first chapter, the current state of literature sources on the
development of information, mathematical, algorithmic, and software
tools for the automated design of the regulating device of the working
mechanism that cleans channels and ditches was analyzed; the
research tasks were determined and the main purpose of the work was
defined based on a comparative analysis of existing methods and
tools.

The second chapter is devoted to the study of the design stages
of the working mechanism of the device that cleans channels and
ditches and the development of information support. In the automated
design stages of the regulating device of the working mechanism that
cleans channels and ditches, the study of specific procedures and
operations was carried out, and the general structure of the design
process was determined. This chapter also addresses the issue of
creating and applying the main support tools during the design stages?.

The issues of analysis, search, and selection of comprehensive
automated design systems, from the selection of elements of channels
and ditches that supply water to agricultural fields to their testing in
the water supply environment, were examined. The main strategy and
new requirements for the creation and implementation of the

! Omirboyova, N. S. Kanal vo kivetlori tomizlaysn is¢i orqamin tanzimloyan
vasitonin funksiyalarinin modellagdirilmasi vo kompliter eksperimentlari ils tadgigi
/ N.S. Omirbayova // EImi xabarlor. Tabist vo Texniki EImlor Bélmasi. — 2024. —
Vol. 24, No. 2. — P. 82-90. — DOI 10.54758/16801245_2024 24 2 82. — EDN
ULCHMV. https://elibrary.ru/item.asp?id=71240198

2 AmupGaepa, H.C. Bompoc co3naHuss MH(MOPMALMOHHOTO OOECTIEYeHHs JJIs
MIPOEKTUPOBAHUS KAHAJIOB BOJOCHAOXKEHWS W MX OYHCTUTEIBHBIX YCTPOMCTB //
«Advances in Science and Technology» LXI MexayHapomHas HaydHO-
npakTudeckas koHdpepenuus. —Mocksa, —15 utons, —2024. —. 91-94.
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automated design system (ADS) were determined. At these stages, the
development of mathematical models and logical algorithms, the
programming of design projects, and the conduct of experiments in a
computer environment were addressed.

At the sketch design stage, the formulation of design tasks,
determination of solutions, and the mathematical analysis of the
development of the required devices and equipment, as well as their
modern control systems, to ensure the water supply and cleaning of
agricultural fields were carried out.

The dependency formula of the tools of the ADS, formed on the
basis of design operations and procedures automated by existing
methods, is expressed as follows:

V(L3; A LP,) €(({L} A {LP}) 3 4, € {4} (1)

where, i=1,n,j=1mk=1,pp < n,p < m — are the sets of
design operations, procedures, and tools, respectively.

In this case, the design operations (LO) and design procedures
(LP) do not belong to the automated design tools (A) of the channel
and ditch cleaning equipment, that is:

min {(L3 /A) A(LP / A)} = {(LO, /LD, €Ld) A (LP;/
/ LP, € LP)}, 2)

where,r =1,t,s =1,f,t=n—p,f =m—p.

During the operation of the milling thrower, it is also considered
appropriate to use the SPK-207 type sensor panel for programming.
This controller, based on wireless technology, operates with remote
control during the work process. At the same time, Codesys software
tools, which maximally comply with the MEK 61131 standard, can
also be used®.

3 Quliyev, Z.H., ©mirboyova, N.S., Tagiyeva, V.R. SPK-207 tipli sensorlu panel
programlasdirilan montiqi kontrollerin istilik gazan qurgusunun
avtomatlagdirilmasina  totbiqi  // Insaatda informasiya texnologiyalari va
sistemlarinin totbiqi imkanlari vo perspektivlari Beynolxalg elmi-praktik konfransin
materiallari. —Baki, —2018. —s. 56-59.
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The classic structure of an automated design tool for an
application object created using a hierarchical method includes
subsystems of technical, software, information, mathematical, and
algorithmic support.

Based on theoretical and experimental studies, a special
algorithmic control of the main, constructive, and technological
parameters of the milling thrower type working mechanism for
cleaning channels and ditches was carried out in MATLAB. For the
first time, control and regulation of the processes performed by the
working mechanism were achieved.

Depending on the speed of the technological process, it was
possible to enable the milling thrower to throw the soil to the
designated distance®.

4 Omirboyova, N.S. Nisanlanmis atilma mosafosi olan is¢i orqamin idaroetmo
alqoritminin qurulmasi // Building Innovations-2018. | Beynolxalg Azarbaycan-
Ukrayna Konfransinin elmi materiallar toplusu, —24 mas, —2018. c. 34-37.
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Figure 1. Structural diagram of the tools for automating the
design process of the regulating elements of the working
mechanism of a channel and ditch

In the second chapter, the modeling of the functions of the
regulating device of the working mechanism that cleans channels and
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ditches and their investigation through computer experiments were
examined.

In the process of designing the channel-cleaning device,
particularly at the stage of developing draft projects, algorithmic
research was carried out with the aim of increasing the operability of
the device’s parts and improving their quality, and the control process
was checked through computer experiments.

In the design process of the channel-cleaning device,
particularly at the stage of developing sketch designs, algorithmic
research was carried out to improve the operability of the device’s
components and enhance quality, computer experiments were
conducted to test the control process®.

During the experimental process, the adaptation of the elastic
part at the tip of the blade to the corresponding force and its effect on
the quality of weed removal were extensively studied. An algorithm
was proposed to ensure accurate conduct of the experimental study.

As a result, an increase in the area of the thrown mass occurs.
Based on the study of indicators obtained during experimental
research through computer experiments, several dependency
equations were derived to determine the required power of the working
mechanism more precisely.

During the research, the effect of soil moisture at various
forward speeds on the power required by the working mechanism and
the base machine was investigated. Based on the proposed production-
type model, the information support of the control system for more
efficient execution of the operations of the regulating device of the
working mechanism used for cleaning channels and ditches was
developed.

As the length of the rods is increased up to [ = 0.02 m, due to
the deformation of the elastic element of the force, an increase of the

5 Haciyev A.M., Feyzullayev E.N., ©Omirboyova N.S. Sement zavodunda klinkerin
alinmasi texnoloji prosesinin idaroetmo alqoritminin islonmosi // Insaatda
informasiya texnologiyalar1 va sistemlorinin totbiqi imkanlar1 vo perspektivlori
Beynolxalq elmi-praktik konfransin materiallari, Azorbaycan Memarliq vo Insaat
Universiteti, —Baki, —2018, -Ne1(3000), —s. 178-180.
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force up to [ > 0.02 m is observed, and, by rubbing against the
concrete layer, an increase is observed based on the required force.

Based on technological measurements, it was determined that
the required power of the elastic element constitutes 8—11% of the total
power of the cleaning device. In this case, other parameters do not
change and remain constant.

If = 0.02: 8, = 0.09m/5; Bty = TM/5:
Kd=0.2; Zk = 3; Lthr = 6m

3
| Measurement

— 6

The required power
of the working
body 1s not
provided

77— As a result of the measurements, the power
required by the metal brush increases

The rods overcome
the friction on the - v
concrete coating

The power required by the metal brush

constitutes approximately 8-11% of

the total power of the working body
10 ¢

Coefficient mndicating the cleaning quality (Ki—mum).
Bpe = T By =775 Ky = 0.2: 2y = 3Ly, = 6m

remains constant.

Figure 2. Algorithm for selecting the length of the steel rods
of the metal brush affecting productivity and the quality of
channel cleaning
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As a result of the research, it was determined that the variation
in the length of the steel rods significantly affects the quality of
channel cleaning. The length of the rods is accepted as up to 11=0.02
m. The dependency indicators based on the length of the metal brush
rods are determined with the following values:

Ups = 0.09m/s; Iy =7 mM/s;
Kd = 02, Zk = 3, Lthr =6m

As a result of studying the indicators obtained during
experimental research through computer experiments, several
dependency equations were derived to determine the required power
of the working mechanism more accurately.

The dependence of the required power for the working
mechanism on the forward speed of the machine is determined by the
following indicators:

Ieir =7 mM/s;
Zk == 3,

H, =0.6m; a =45; b =18.76% ;
z = 1515 kq/m3; k = 180000 H/m3; m?K,; = 0.2; N = 0.3725.

To study experimentally the effect of soil moisture on the power
required by the working mechanism during the cleaning of concrete-
lined irrigation channels with a milling thrower, the analysis of the
following initial data is required:

a - the overall condition of the cleaning process;

b — the condition of the channel after cleaning.

During the research, the effect of soil moisture on the power
required by the working mechanism and the base machine at different
forward speeds was studied. The initial data at different forward
speeds are entered in the following implication form®:

¢ Qasimov A.F., Omirbayova N.S. Beton ortiiklii kanallar1 lilden tomizlomak Ggln
isci orqanin osas konstruktiv parametrlorinin toyin olunmasi / Umummilli lider
Heydor Oliyevin anadan olmasimin 87-ci ildonimiina hosr olunmus Toalaba va
magistrantlarin  XXXII elmi konfransinin materiallari, II hisso, Azorbaycan
Memarliq Vo Insaat Universiteti, —-Bak1. —10 may, —2010 —Ne1(2000), —s.19
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Production 1

IF v =0.05m/s and vss, = 0.09m/s soil moisture
changes occur,

THEN the power acting on the machine’s actuating element
becomes variable.

ADDITIONALLY, IF the soil water balance is less than 14%,

THEN the shear resistance for its strength indicator increases

AND the power required by the working mechanism increases.

IF the moisture exceeds 19%,

THEN adhesion of soil to the blades of the milling thrower
occurs.

This primarily worsens soil cutting and, at the same time, its free
accumulation on the blades of the milling thrower. Therefore, the
required power also increases. The minimum power required by the
working mechanism occurs when soil moisture is in the 14...19%
range.

Accordingly

IF soil moisture is in the 14...19% interval,

THEN adhesion of soil to the blades of the milling thrower does
not occur during the operation,

AND the working mechanism is not subjected to additional load.

As soil moisture increases, its stickiness and friction coefficient
increase up to a maximum limit. With further increase in moisture,
these factors gradually decrease due to the formation of a free water
layer on the soil surface. This water layer acts as a sliding interface
between the surfaces in contact. Therefore, the soil moisture (Jn)
during the cleaning of the ditch is represented as follows:

14 <J, <19%
IF (J"_max = 19%) < {20,21,...},

THEN during the operation of the cutter and thrower,
contamination of the ditch and surrounding areas occurs due to the
throwing of wet soil to the edges.

As a result of changing the number of revolutions (nf) of the
milling thrower’s actuating mechanism, the energy indicator affects
the distance and dispersion of the thrown soil. During experimental
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research, it was found that changing the number of revolutions of the
milling thrower affects its productivity. As the number of revolutions
of the milling thrower increases, the throwing distance of the soil also
increases. Then, the production model is written as follows:

Production 2

IF the number of revolutions ns = 130 rev/min,

THEN the soil throwing distance Ly, = 4.2m.

IF the number of revolutions n;,=260 rev/min,

THEN the soil throwing distance L, = 8.7 m.

From this, we can conclude that as the number of revolutions of
the milling thrower increases regularly, the soil throwing distance
increases more rapidly.

As a result of throwing wet soil, uneven distribution of the soil
occurs. Small particles of the thrown soil are thrown to the nearby area
of the channel, while large particles are thrown to distant areas.

During the operation of the cutting tool, due to the low number
of revolutions of the actuating mechanism, certain particles of the
thrown wet soil are scattered to the edge of the channel. In this case,
the decision-making algorithm of the control system is written as
follows:

IF the number of revolutions ng; = 155 rev/min,

THEN the soil throwing distance is 4.7 < Ly, < 6.5m.

IF the number of revolutions ns, = 260 rev/min,

THEN the soil throwing distance is L;,, = 8.7 m.

IF the number of revolutions ny, > {ney, nyo, nps, nps}

THEN the power Ntun Spent on throwing the soil increases.

The circumferential speed of the milling thrower (9.;) is
determined according to the required throwing distance of the soil,
provided that it has low energy consumption during the cleaning
process:

Production 3

IF the number of revolutions nss = 100 rev/min,

THEN the power of the working mechanism N;,, =

3.38 kW is required.
IF the number of revolutions nss = 200 rev/min,
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THEN the power of the working mechanism N;,, =
4.61 kW is required.

IF the number of revolutions is — 2 n,

THEN the power of the working mechanism N, — min
increases.

IF despite the increase of the number of revolutions in 2 ng,

AND 9;s =0.09m/s

AND K; = 0.2 AND the number of blades of the milling thrower
Zk = 3

THEN the productivity approaches —0.

THEN the energy indicator of the milling thrower increases
significantly.

For the automated design of the regulating device of the working
mechanism of the channel and ditch, a database management system
(DBMS) has been created based on the information support databases.

Based on the technological and design features of the application
object, and on the characteristics of functional, design, and material
technologies, a knowledge base from expert knowledge for the
decision-making of the working mechanism’s regulating process has
been created.

The third chapter is devoted to the creation of the mathematical
support for the functional and technological design of the working
mechanism of the device that cleans channels and ditches.

Based on the analysis of concrete-coated channels and their
cleaning issues, solutions to the problem have been identified. At the
initial stage, new forms of channel construction are designed, with the
upper surface of the channels covered with reinforced concrete and the
framework built with reinforcements.

The depth of the channel varies in the range of 0,6+1,6 m’. The
top coverings are installed in the inclined layers of the irrigation

" Muradagayev M.S., ©mirboyova N.S. Agir mineral qruntlarda ensiz xondokli

drenaj qazan masmin osas parametrlorinin toyini // Umummilli lider Heydor

Oliyevin anadan olmasinin 87-ci ilddonimina hosr olunmug Tolobs vo

magistrantlarin  XXXII elmi konfransinin materiallari, II hisso, Azorbaycan

Memarliq vo Insaat Universiteti, —-Bak1, —10 may, —2010, —Nel (2000), —s.17-18.
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channels using DN500 H775 grade concrete slabs. The technical
characteristics of the concrete (compressive strength, impermeability,
frost resistance, etc.) make it possible to produce a durable and long-
lasting coating.

As a result of the application of concrete-coated channel,
irrigation of the agricultural lands in nearby areas does not exceed the
norm, and water flooding is reduced.

During the design of the concrete-coated channel, the condition
of the water flow and its distribution into the agricultural fields has
been determined. The full restoration period of the intended service
life of the concrete coatings is approximately 40...50 years, while the
service life of the coatings themselves is 15...20 years.

For the automation of the process of selecting the main
dimensions and carrying out the design of the concrete-coated
channel, an algorithm in the form of a block diagram is proposed
(Figure 3)8.

8  Omirboyova N.S., ©Omirboyov B.R. Insaat armaturlarmin tikinti

konstruksiyalarinda dartilmaya davamliliginin iglonilmasi va hesablama metodikasi
// Tikinti istehsalinda texnoloji masmlarin istifadasinin miasir problemlori
mévzusunda respublika elmi-praktiki konfransi, Azorbaycan Memarliq vo Insaat
Universiteti, —Baki, —2019, —Ne1(8000), —s.45-48.
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Figure 3. Block diagram for the automation of the process of
selecting the main dimensions and construction design of the
concrete-coated channel

During the operation of the cleaning device, since overloads act
on the milling-cutting tool, the effect of the total power must be taken
into account. In this regard, the indicator of the total power required
for channel cleaning is calculated by the following formula:

N = Ng + Niot + Nada (3)

Where,

Niot + Nyga = N’; N— consists of the sum of the total power
required by the milling thrower and the power required to overcome
the additional load.
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During the measurements, the movement speed of the diagram
tape was taken as 5400 mm/hour in accordance with the standard.
From equality (3), we can also write analogously:

Niot =N — Ngga
Ngga = N — Niot

The experimental studies were carried out in various variants by
changing one of the values of the factors affecting the productivity, the
required power, and the energy capacity of the milling thrower —
9_ir=0.01 ...0.07 m/s; zZk=2 ...6; t =10.5 ...26.2 s; nf=100 ...250
rev/min; |_f=0.02 ... 0.04 m; HI=0.1 ... 0.6 m — while keeping the
others constant. Based on these values, experiments were carried out
affecting the power and energy capacity of the milling thrower.

Table 1.
Experimental database of values affecting the power and energy
consumption of the milling thrower (number of blades of the
milling cutter Zx=const)

Parameter 15t indicator 2" indicator | 3" indicator
9,y 0,02 0,04 0,06
Zx 3 3 3
t 12 15 20
Nt 100 150 200
lf 0,02 0,03 0,04
Hi 0,3 04 05

In the irrigation systems applied in agricultural fields, a
technological analysis of the cleaning device in the channels was
carried out, and it was determined that the efficient removal of polluted
water from the channel, as well as the elimination of weeds and algae,
depends on the configuration of the working mechanism’s milling-
cutting tool, the regulation of the mill’s rotational speed, the machine’s
forward speed, and the power of the actuator.

To ensure these principles, a mathematical method was used in
the design process of the cleaning device’s working mechanism. The

20



rotational speed of the mill, considered the cutting tool of the working
mechanism of the channel and ditch cleaning device, is determined
according to its peripheral speed.

The clay layers cut from the bottom and slope sections of the
channel accumulate on the blades of the milling thrower until reaching
the discharge boundary, i.e., the special window provided in the
coating, and the discharge process is ensured. As the thickness of the
channel’s clay layer increases, the input parameters of power N1 are
increased, and the graphical characteristics of the experiment are
constructed (Figure 4).

Surface graph of the N1 function (J¢s = 0.04%,2,c =4)

Figure 4. Graphical characteristics of the experiment with
an increase in the input parameters of power N

To determine the power required to overcome the friction of the
metal brush bristles on the concrete coating, it is first necessary to
determine the force P pressing the bristles of the metal brush against
the concrete surface.

21



Due to the influence of various factors, theoretically determining
the force P is very complex; therefore, it can be more accurately
established primarily through experimental methods. The factors
affecting the force pressing the metal brush bristles against the
concrete coating include, in particular, the diameter of the bristles, the
modulus of elasticity of the bristles, their number, the resistance of the
soil acting on them, the physical and mechanical composition of the
soil being cleaned, the length of the bristles, their stiffness, the normal
and tangential forces acting on the metal brush, the sliding—friction
coefficient of the bristles on the concrete coating, the bending moment
of the steel bristles, and so on. The total power Nt can be determined
as follows:

, 1
(k-hy-9fs T RF) Ptf- 9o g(2Ry+Y'—2Hy) Ptf- fo 92

N — cir
tot 5-10°Zgn + 3,6-106y + 7,2-108y +
Ptf'Yo'fo[(Rf+lf)_7"0]“1'w'0'3756 +
1-0,8:10%7
fy. 2. To )2 Ve Dne

3,6:10%7 1000-n (4)

The fourth chapter is devoted to the development of software
for the automated design of the channel and ditch cleaning device®.

In Chapters 2 and 3, the task of developing general and special-
purpose software tools for the automation of the information and
mathematical support of the mechatronic components of the cleaning
device was set. The structure of the software for the automated design
of the mechatronic components of the cleaning device has been
proposed.

° Omirboyova N.S. Kanal vo kiivetlorin tomizloanmasi iciin is¢i orqanin idaroetmo
sisteminin program tominatinin layihalondirilmasi // “Siini Intellekt:nazariyyadon
praktikaya” beynolxalq elmi konfrans. Nax¢ivan Dovlat Universiteti, —-Naxgivan —
17-18 sentyabr, —2024.
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Figure 5. General structure of the software for the
automated design of the mechatronic components of the channel
cleaning device’s working mechanism

Using specialized mathematical software tools for programming
mathematical models, computer experiments were conducted in the
MATLAB system, and the results of solving the following tasks were
obtained:

In the first mode, the graphical characteristics of computer
experiments of the mathematical model for regulating the number of
revolutions and the power required for cutting soil with the working
mechanism’s milling-cutting tools were constructed;

In the second mode, an experimental graphical characteristic of
the results of the mathematical model of regulating the power and
number of revolutions expended for raising the working body with
milling-cutting tools up to the level of loosening the soil has been
constructed;

In the third mode, the experimental graphical characteristics of
the mathematical model for regulating the number of revolutions and
the power required for throwing the soil with the working
mechanism’s milling-cutting tools were constructed;
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In the fourth mode, the experimental graphical characteristics of
the mathematical model for regulating the number of revolutions and
the power required to overcome the friction resistance of soil on the
mill’s blades with the working mechanism’s milling-cutting tools
were constructed;

In the fifth mode, the experimental graphical characteristics of
the mathematical model for regulating the number of revolutions and
the power required to overcome the friction force of soil on the mill’s
coating with the working mechanism’s milling-cutting tools were
constructed;

In the sixth mode, the experimental graphical characteristics of
the mathematical model for regulating the number of revolutions and
the power required to overcome the friction of the metal brush bristles
on the concrete coating with the working mechanism’s milling-cutting
tools were constructed.

Based on the mathematical modeling of the regulation process,
software modules for managing the technological process of the
application object were developed and proposed as the general
structure of the software for regulating the working mechanism?.

A set of input data for the information support of the working
mechanism’s mechatronic components was formed using a relational
method to create the database of the cleaning device’s working
mechanism.

The types and technical specifications of the transmitter and
motor, which respectively ensure the information-measurement and
actuation of the working mechanism, are presented in tabular form as
follows!?:

10 Quliyev, Z.H., Omirbsyova, N.S. Oduncagq lif plitolori (OLP) istehsalinda elektrik
enerjisinin xtsusi sarfinin va plitanin fiziki-mexaniki gostaricilorinin defibratorda
oduncaq kiitlesinin tytidilms daracasinden asililiglarinin modellarinin qurulmasi/
Z.H. Quliyev, N.S. ®mirbayova //AzMIU Elmi ssorlor, - Baki, -2018. Ne 2, —s. 62-
67.

11 Amup6exosa H.C. DxcriepuMeHTanbsHOE HCClIe0BaHIE IIPOIIECCa PEryIUPOBAHHUS
CTETIEHU CXKaTHs JBUTATENI BHYTPEHHETrOo CropaHus // MaTepuaiisl KOH(pEepeHIHH
«VICKyCCTBEHHBIN WHTEIIEKT W O00JacTH ero MpUMEHEHHWs». PecmyOmukaHckas
Hayunas Koudepenuus. Ne 7, — Cymraut, — 07-08 gexabps.— 2023. — c. 81-83.
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Table 2.

Types and technical specifications of the transmitter and motor,
which respectively ensure the information-measurement and
actuation of the working mechanism

Transmitter] Outpu ElectricMeasuremen Accuracy Measuremen
type ttype Voltage| trange tinterval
1 2 3 4 5 6

Modbus, | Analog
ModBUS
RTU

24V Max -100%
Min —0 %

2+3% | 80+ -40°C

Capacitive | Analog

6+12 Max —50 %

1+2% | 40 +-10°C

transmitter V Min-0%
Water
Scout
SoilClik | Analog | 68 V Max —30 % 3+4% | 40 +-10°C
Min -0 %
FC28 Analog | 35V Max —36 % 1-2% 35+ -5C
Min -5%

Table 3.

Types and technical specifications of the actuating mechanism of
the cleaning device’s working mechanism

Motor type Speed Electric Flange | Power
(rev/min) voltage | Diameter | (Kw)
(V) dr (mm)
Siemens 1000 400 350 90
1LE1502-
2ACA43-4
AIP 250 S2 2100 350 270 75
AIP80 270 300 40 3,5
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The software for regulating the rotation speed of the milling-
thrower according to the number of revolutions is built based on the
following algorithm:

IF the number of revolutions ns = 130 rev/min,

THEN the soil throwing distance Lin=4.2 m.

IF the number of revolutions n=260 rev/min,

THEN the soil throwing distance L= 8.7 m.

At low rotation speeds of the milling thrower, a portion of the
soil falls on the edge of the channel. In this case, the decision-making
algorithm software is built based on the following algorithm:

IF the number of revolutions nss = 155 rev/min,

THEN the soil throwing distance 4.7 < Lnr<6.5m.

IF the number of revolutions nu=260 rev/min,

THEN the soil throwing distance L= 8.7 m.

IF the number of revolutions nsi > {nyy, nyy, nps, Ny},

THEN the power Ntun Spent on soil throwing increases.

The number of revolutions of the milling tool integral ensuring
the efficient operation of the milling—thrower should vary between
150...200 rev/min. At this number of revolutions, the operating mode
of the milling thrower becomes more stable and consistent.

In this paragraph, the goal is to address the following
programming tasks that ensure the automation of the design process
of a milling-type active working body for the efficient cleaning of
sludge and weeds from small and medium-sized concrete-covered
channels:

1. Creation of a complex structural scheme that ensures the
automation of the design process of the milling-type active working
body for channel cleaning?;

2. Modeling of the 3D design procedures of the working body
cleaning channels and gutters using Solid Edge software.

2 Acnanos T.W., BiusiHME aiMa3HOTO BBITIAXMBAHUS HA YYBCTBMTEJIHLHOCTh K
KoHIeHTparuu HanpspkeHuit / T.M.Acnanos, A.®.I'aceimos, H.C.Amup6exosa //
EImi osorlor jurnali. —Baki: Azorbaycan Memarliq vo insaat Universiteti, —2015,
Nel, -s.59-61. ISSN-2222-5013
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To increase the efficiency of the design process of the working
body of the cleaning device (CDWB), 2D and 3D computer graphics
systems in Solid Edge software were used. For the automation of the
sketch design operations, a general structural scheme was proposed for
the joint operation of drawing, certification, building a graphic
database, and animation of the CDWB in 2 and 3 dimensions.

Based on the program interface of the automated design, the 3D
frontal, horizontal, and vertical drawing procedures of the constructive
design were carried out step by step, determining the dimensions of
individual mechanical parts, the material and its processing degree, as
well as drawing and editing the CDWB in construction design
operations.

The application of Solid Edge 2D and 3D software environment
is formed from automated design in 2D and 3D drawing and animation
operations of the object’s graphic-mode software procedures. The
mentioned complex design and information support is organized in the
architecture of the automated design system. For the efficient
organization of the automated design system architecture of CDWB,
the following design functions were implemented:

1. Activation of the Solid Edge 2D, 3D system and naming of
the drawing object;

2. Drawing of the generalized line of CDWB in Solid Edge 2D.
Selecting a 2D coordinate system for drawing the object and boundary
lines, assigning an A1l corner stamp and corresponding drawing scale;

3. Determining the working drawing and geometric shape,
internal and external dimensions of the 2D generalized representation
of the selected prototype design during the technical proposal stage of
CDWSB, as well as selecting the material type on it;

4. Providing additional views according to the complexity of the
application object in accordance with the 2D generalized
representation and creating a specification database;

5. Determining the main overall dimensions of the drawing and
coding each mechanical part based on standard scale dimensions
depending on the real dimensions of CDWB;
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6. Searching and selecting input data for the main query,
managing the database of the specification table, corner stamp,
geometric figures, positional coordinates, material types, etc., and
storing graphic data based on the names of the included mechanical
parts.

The program procedures used for the automated design of the
cleaning working body of the channel and gutter cleaning device
ensure the 2D and 3D construction design process with logical
operations for search, selection, and drawing functions®3.

The operations performed during the cleaning of the newly
proposed construction channel, as designed by the project-constructor,
are ensured through the following sequence:

query — search — selection — editing

To draw the generalized contour of the application object,
procedures such as subdividing mechanical parts into elements, coding
them, and determining their coordinates are modeled step by step.
CDWSB s divided into standard and non-standard elements in its 2D
drawing. Standard elements consist of mechanical parts defined by the
state standard, which involve the following design procedures:

P1: CDWBB— CDWB body (B) or element_1 (standard
element);

P2: BA — Body assembly (BA) or element_2 (standard
element);

P3: CDWBS — CDWB shaft (S) or element_3 (standard
element);

P4: SE— Shaft extension (SE) or element_4 (standard element)

P5: CDWBMC— CDWB milling cutter (MC) or element_5
(non-standard element).

Based on the logical combination of selected standard and non-
standard elements from the CDWB mechanical parts database, the
generalized drawing of the device is formed. To perform this
combination logic operation, the Zade operator is used:

13 Amirbayova, N.S. Constructor design of the regulating working element of the
Channel cleaning equipment / N.S.Amirbayova, S.A.Akhmadova, // International
journal of Computing, Ne 2, Vol. 23. —2024, —p. 476-485.
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pAauvB=MAX (un, pe) %)

For selecting mechanical parts of CDWB from the certified
database:
Using
M partl Uelement_2 U... U.element 5 — MAX (,M elementl, U element2 y...,
U element5 )

operator, the 3D linear model of the CDWB is generated.

The elements of the created 3D CDWB are drawn step by step
to form the device’s representation. The 3D geometric figures of the
used element_i are combined in the following sequence, resulting in
the generalized drawing of the CDWB (Figure 6):

Figure 6. General block diagram of the CDWB constructed
based on logical combination

Procedure 1 (P1)

((CDWBB U BA)«(element_1U element 2)) — element 12

Procedure 2 (P2)

((element_12 v CDWBS) < (element 12U element 3))—
element_123
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Procedure 3 (P3)

((element_123 U SE)<—(element 123 U element 4)) —
element_1234

Procedure 4 (P4)

((element_1234u CDWBMC)«(element_1234 U element_5))
—element 12345

All these procedures are modeled step by step to ensure the
efficiency and accuracy of the design. The use of CAD/CAM systems
allows simulation of mechanical parts and functional testing. Through
modeling, the performance of the mechanical system, interactions, and
potential issues are analyzed in advance, enabling project
optimization.

To check the dimensions of individual parts of the CDWB
working unit, input data for dimensions are adjusted during the
drawing of mechanical parts in A3 and A4 formats. By changing input
data, the speed of the moving milling thrower is regulated. When the
2D drawing of the CDWB shaft is created, the overall body shape, the
precise dimensions of the coupling and shaft, and the types of springs
mounted on the shaft are selected (Figure 7).

Figure 7. 3D representation and animation of the CDWB
milling thrower in the Solid Edge 3D system
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The use of the GMT Suite software optimizes the performance
of throwers and other logistics equipment. The integration between the
software’s various components (Figure 8) enhances process accuracy,
supports environmental protection, and improves the efficiency of
logistics operations.

Figure 8. Visualization of the optimization algorithm for the
milling cutter-thrower element in the GMT Suite software
environment

To develop the control algorithm for the technical system, it is
first necessary to analyze the technological process and gather expert
knowledge in the field of land reclamation.

Accordingly, based on parameters such as the machine’s
forward speed, the thrower’s rotational speed, and the soil moisture
affecting the designated throw distance of the working body, the
design of a fuzzy logic algorithm is considered using the Fuzzy
Toolbox in the MATLAB environment. In this case, the following
linguistic variables are used as inputs to the automated regulation
system’s controlling controller'*:

1. Controller inputs (input variables):

14 Amirbayova, N.S. Automation of the design of the working body and control
system for regulating the cleaning of channels and ditches / N.S.Amirbayova, //
Lecture Notes in Networks and Systems, Springer, Cham, Vol. 1622. -2025, -p.13.
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1.1. Machine forward speed;

1.2. Thrower rotational speed;

1.3. Soil moisture.

2. Controller outputs (output variables).

2.1. Designated throw distance;

2.2. Direction of the milling thrower’s cover;
Based on machine forward speed, the following linguistic terms
are defined:
MIHS 1— forward speed below normal (0.01 0.02 0.32 (m/s));
MIHS 2 — forward speed normal (0.042 0.09 0.45 0.99 (m/s));
MIHS 3 — forward speed slightly increased (0.84 1.15 1.34 1.59
(m/s));
MIHS 14— forward speed increased (1.48 1.63 1.75 1.86 (m/s));
MIHS s — forward speed greatly increased (1.79 1.92 2.15 2.38
(m/s)).
Based on thrower rotational speed, the following linguistic terms
are defined:
TDS 1 — rotational speed much below normal (125 137 149 159
(rev/min));
TDS 2 — rotational speed below normal (157 163 172 180
(rev/min));
TDS 3 — rotational speed normal (173 188 197 202 (rev/min));
TDS 4 — rotational speed above normal (200 205 207 209
(rev/min));
TDS s5— rotational speed much above normal (208 210 212 215
(rev/min));
Based on soil moisture, the following linguistic terms are defined:
QN _1— soil moisture low (10 12 13 14 (%));
QN > — soil moisture normal (13.5 14.8 16.5 17.4 (%));
QN 3 — soil moisture slightly high (16 18 19 20.5 (%));
QN 4 — soil moisture high (19 21.35 22 23.6 (%));
QN 5 — soil moisture very high (23 24.75 26 28 (%)).
Based on the cover orientation angle of the milling thrower, the
following linguistic terms are defined for the designated throw
distance:
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IOOIB 1 — cover orientation does not reach designated distance (-
120 -110 -103 - 99(angle));

I0OIB » — cover orientation reaches designated short distance (-95
-90 -83 -79 (angle));

IOOIB 3— cover orientation reaches designated distance (-64 -25 30
60 (angle));

IOOIB 4— cover orientation goes beyond designated distance (60 70
80 95 (angle));

I00OIB 5 — cover orientation goes far beyond designated distance
(91 100 120 142 (angle))™.

Based on the fuzzy linguistic terms of the machine’s forward
speed, thrower rotational speed, and soil moisture, the control
algorithm for the milling thrower type working body is constructed as
follows:

IF “machine forward speed is below normal”;

AND “thrower rotational speed is below normal”

AND “soil moisture is below normal”;

THEN “Excavated soil will fall into the channel or ditch™;

IF “machine forward speed is below normal”;

AND “thrower rotational speed is below normal”

AND “soil moisture is normal”;

THEN “Excavated soil will almost fall into the channel or ditch”;
IF “machine forward speed is normal”;

AND “thrower rotational speed is normal”

AND “soil moisture is normal”;

THEN “Excavated soil will fall to the designated throw distance”;
IF “machine forward speed is slightly above normal”;

AND “thrower rotational speed is above normal”

AND “soil moisture is slightly above normal”;

THEN “Excavated soil will fall to the designated throw distance and
partially to the edges”;

IF “machine forward speed is above normal”;

AND “thrower rotational speed is much above normal”

15 Amirbayova, N.S. Mathematical basis for the design of the working body of a
channel cleaning device / N.S.Amirbayova, // Azorbaycan Ali Texniki
Moktablarinin Xoborlori, Ne 2, Vol. 27. —2025, —p. 78-90.
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AND “soil moisture is above normal”;

THEN “A small portion of the excavated soil will fall to the designated
throw distance”;

IF “machine forward speed is greatly above normal”;

AND “thrower rotational speed is excessively above normal”

AND “soil moisture is very high”;

THEN “Excavated soil will pass over the designated throw distance
and fall outside”.

The logical algorithm, developed based on the adjustable
movement speed of the milling cutter working body, has been studied
through computer experiments, and as a result, using MATLAB with
the Fuzzy Toolbox, the following program graphs are constructed. °.

Membership function plots
T T T

MiHS 1 MiHS2 MiHS3 MiHS4 MIHS5

T T T T T T T
1 1.2 1 1 14
input variable "MiHS"

Figure 9. Program graph obtained based on the machine’s
forward speed indicators and the accepted terms with their
corresponding range values

16 Qasimov A.F., ©mirbayova N.S. Drenaj masin novlorinin miigayisesi vo onlarin
inkisaf istigamotlori // Umummilli lider Heydor Sliyevin anadan olmasimin 86-c1
ildontimiina hasr olunmus Talobs vo magistrantlarin XXXI elmi konfransinin
materiallari, Azorbaycan Memarliq vo Insaat Universiteti, —-Baki. —10 may, —2009,
—Nel, —s. 261-262
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Membership function plots
T

TDS1 TDS2 TDS3 oS4 TDSS

1
input variable "TDS”

Figure 10. Program graph obtained based on the thrower’s
rotational speed and the accepted terms with their corresponding
range values

Figure 11. 3D representation of the fuzzy control algorithm for
determining the automated working body’s targeted throw distance
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MAIN CONCLUSIONS OF THE DISSERTATION

1. The structure of the development stages of devices for
cleaning channels and ditches has been proposed, and the automated
design process has been modeled.

2. An information support system has been developed based on
a database created from the technological characteristics of existing
cleaning devices for the selection and design of regulating elements of
the working body for cleaning channels and ditches.

3. The functions of the regulating mechanism of the working
body for cleaning channels and ditches have been modeled and studied
through computer experiments.

4. An algorithm for regulating the speed of the execution
mechanism of the milling-cutting tool of the cleaning device of the
channel using the production method has been developed, and the
types and technical characteristics of the applied information-
measuring sensors have been determined.

5. The analysis of the structures of the channels used for
irrigation of agricultural areas has been carried out, and the
information support of the main technical indicators has been created.

6. A mathematical model has been developed for the functional
design of the device that cleans the silt layer of channels and ditches,
based on parameters affecting the productivity, power, and energy
consumption of the milling thrower, and it has been studied using
computer experiments.

7. Mathematical models for selecting the power of the working
body of the device for cleaning channels and ditches according to work
modes have been developed and studied using computer experiments.

8. For the automated design of the device that cleans channels
and ditches, the structure of the software has been proposed, the
functions of the subprogram modules have been determined, and the
software has been developed in the corresponding software
environment.
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9. Design programming procedures have been developed for the
elaboration of the sketch design of the automated design of the
cleaning device.
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[9] Obtaining the construction of the working body using Solid
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models;

[11] Problem formulation, method of solution and analysis of
results;
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