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Information technology for Synthesizing a Grain Mass
Flow Multidimensional Optimal Stabilization System
with Perturbation Feedback

The article presents a new methodology for creating information technology for designing a combined
system for stabilizing the flow of bread mass at the entrance to the thresher of the grain harvester. The
characteristic features of this methodology are outlined.

This makes it possible to design control systems for technological processes on the harvester taking into
account external influences that are stochastic in nature.

The stage of creation of the information technology of the synthesis of the optimal combined
stabilization system with feedback on the deviation of the bread mass from the average value and correction on
the yield change is substantiated.
stabilization of the flow of bread mass, optimal systems, synthesis of systems, information technologies,
stages of research

Formulation of the problem. In recent years, a trend in the development of grain-
harvesting equipment has emerged, which consists in its computerization and operation as
part of a precision farming system, which allows optimizing the modes of operation of grain-
harvesting equipment according to the criteria of minimum crop losses and maximum
productivity.

The results of research by scientists in the field of designing grain harvesting
equipment and creating systems for stabilizing the flow of bread mass in the combine thresher
[1,2] show that it is advisable to maximize the quality of grain collection by creating optimal
combined systems for stabilizing the flow of bread mass at the entrance to the thresher. The
structure and parameters of the specified systems should be determined taking into account
the dynamics models of the stabilization object (polynomials M1, P1, Fig. 1), sensors in the
feedback circuits for the deviation K1 and in the correction circuit for the disturbance K2,
disturbances y1, y2 and disturbances ¢1, ¢2, inherent in the real operating conditions of the
harvester, based on modern effective methods of automated design of control systems.

The concept of such an approach to the creation of automatic control systems is [4, 6] that, as
a result of solving the so-called analytical design problem, even before the start of the main
design of the system, the boundary lines of improving its quality should be assessed, as well
as the optimal structure should be synthesized, not only the parameters the regulator, but also
to determine the expediency of starting work related to the creation of a new system. At the
same time, the main material and time costs for the design, manufacture and testing of the
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product arise only after a positive decision has been made regarding the feasibility and quality
of the system.

Analysis of recent research and publications. Studying the features of the
procedures for the creation and construction of modern existing systems for stabilizing the
flow of bread mass according to literary sources [1,2] allows us to identify a number of
reasons that do not allow to dramatically increase the competitive capabilities of this
agricultural technique. First, the differential equations of the grain harvester do not take into
account the dynamic properties and design features of hydraulic transmissions operating in
the mode of constant load changes. Secondly, traditional approaches to determining the
structure and parameters, which are used for the development of control systems for
technological processes on the harvester, are designed for the action of only regular external
influences, while real disturbances and disturbances are of a stochastic nature. Thirdly, the
existing methods of synthesis of optimal combined stabilization systems allow to successfully
determine the structure and parameters of the two-channel controller, if the system has only
one controlled source of disturbance at the input of the stabilization object.

Setting objectives. To overcome the identified shortcomings, we propose to spread
the effect of the experimental and analytical method [4] of developing optimal stabilization
systems in case of minimizing the fluctuations of the flow of bread mass at the entrance of the
thresher of the grain harvester by developing information technology for the synthesis of the
optimal combined stabilization system with feedback based on the deviation of the bread
mass from average value and correction for changes in yield.

Presenting main material. Such an experimental and analytical approach allows you
to drastically reduce the costs of creating an automatic control (stabilization) system due to
the reduction of testing and debugging work, determining the possible limits of maximizing
the quality of control even at the stage of creating a technical proposal, formalizing the
procedures for synthesizing the stabilization system and analyzing its quality, bringing the
final design to implementation of optimal control laws, which are found analytically.

On the other hand, the successful spread of such an approach to solving the problem of
achieving objectively maximum efficiency of grain collection due to the development and
implementation of an optimal combined system for stabilizing the flow of bread mass at the
entrance of the thresher requires [3, 4, 6]:

1. Formulation of the task of synthesis of the combined system of stabilization of the
flow of bread mass at the entrance to the thresher in terms of dynamic design [4, 5] of optimal
systems of stochastic stabilization of dynamic objects.

2. The availability of information about the dynamics model of the generalized control
object "the angle of inclination of the washer of the cylinder block - the flow of bread mass at
the entrance to the thresher", in the form of a transfer function or a differential equation,
which correspond to the work of the organizational and technical system of the grain
harvester in real operating conditions.

3. Models of the dynamics of disturbance changes (field topography, crop yield),
which accompany the grain collection process, and measurement noises acting on the outputs
of sensors of the combined stabilization system.

4. The availability of algorithms for determining the dynamics models of the control
object, sensors of measurement information, disturbances and interferences, as specified
above, synthesis of optimal combined stabilization systems and analysis of their quality in
real conditions of grain harvesting, appropriately adapted to the conditions of the given task.

5. Software and technical means of automated design of optimal control systems of the
specified class.

99



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.7(38), Part II

Taking into account the requirements 1.-5., let's set the problem of synthesizing the
optimal combined system of stabilization of the bread flow with feedback on the deviation of
the bread mass from the average value and correction on the change in yield (Fig. 1) as
follows.
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Figure 1 — Structural diagram of the combined stabilization system
Source: own research

Given:

* bread mass flow at the entrance to the thresher combine stabilization system
structure;

* necessary geometric parameters of the combine;

* dynamics of bread mass flow sensors (matrix of transfer functions K;) and yield
change sensors (K>);

* dynamics characteristics of changes in noise (errors) at the outputs of sensors,
vectors ¢ and @;

* numerical characteristics of the change in the topography of the field y;, as a
stationary random process;

» field yield map;

+ a differential equation that relates the change in torque on the wheels of the combine
with the change in grain flow

Rx, =Mu+y,
Px=v, (1)
x=x+Xx,

where

X, X1, X — n-dimensional vectors of the initial coordinates of the control object;

u — m- dimensional vector of control signals;

Py, P, - are polynomial matrices from the differentiation operator s=d/dt of size nxn,
which determine the change in the initial coordinates of the object when the perturbation
vectors v, y, change;
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M, is a polynomial matrix from the differentiation operator s of size nxm, which
characterizes the sensitivity of the control object to changes in the components of the vector u.

It is necessary to determine:

» the spectral density of yield change (y,) when the harvester moves at a given average
speed;

* matrices P, P, M, of the generalized control object "the angle of inclination of the
washer of the cylinder block — the flow of bread mass at the entrance to the thresher"
operation under the grain harvesting conditions differential equations (1) system;

« regulator transfer functions matrices' W, W, structure and parameters , the inclusion
of which in the feedback and correction circles ensures the stability of the closed-loop system
"object-regulator" and minimizes the bread mass flow at the entrance to the thresher
fluctuations with limited control resources in real conditions of changes in yield, field relief
and measurement noise;

 the effect of using the optimal combined stabilization system and the ultimate
possibilities of increasing stabilization accuracy with limited control resources in real
conditions of changes in yield, field topography and noise;

* microprocessor controller functioning algorithm and structure, of the optimal
combined stabilization system for bread mass flow at the entrance of the thresher.

The application of an experimental-analytical approach to the solution of the given
task requires the implementation of a number of diverse but interconnected stages of scientific
research, the sequence of which determines the information technology for solving the given
task.

At the stage of preparation for carrying out research, it is necessary to study the
features of the design of modern grain harvesters and the principles of creating models of the
dynamics of the system of processing bread mass into grain. In addition, determine, if
possible, models of dynamics or characteristics of changes in factors that make it difficult to
achieve the maximum quality of stabilization of the flow of bread mass, and justify the choice
of possible methods of automatic stabilization of such a flow. The results of experimental
research conducted by us [7] showed that a sharp increase in the quality of stabilization of the
flow of bread mass at the entrance to the thresher can be achieved due to the use of the
combined principle of stabilization by mass deviation and yield change. However, the
successful application of such a principle for the guaranteed minimization of grain mass flow
fluctuations in real conditions of harvesting requires the development of new methods,
techniques and means of developing optimal combined stabilization systems with correction
for the disturbance acting on their output.

At the first stage of research, based on the study of methods of modern control theory
and their comparison with information about the dynamics of the control object, controlled
and uncontrolled disturbances and measurement disturbances, justify the choice of existing or
develop new methods of synthesis of the optimal structure and parameters of combined
stabilization systems, develop quality analysis algorithms such two-circuit closed systems, as
well as to create a method of refining the dynamics model of the generalized control object
"the angle of inclination of the washer of the cylinder block — the flow of bread mass at the
entrance to the thresher".

The second stage of research completes the development of the methodology for
designing an optimal combined stabilization system with deviation feedback and disturbance
correction. At this stage, it is necessary to develop, based on the obtained methods of
determining the dynamics of the control object, synthesis and analysis of optimal closed
stabilization systems in the frequency domain: a method of determining the spectral density of
yield fluctuations in the direction of movement of the grain harvester; structural identification
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of the transmission function of the hydrotransmission and the spectral density of disturbances
acting on it during operation in a loaded mode; technologies for researching the quality of the
synthesized combined system; as well as software for factorization and separation of
fractional-rational functions in the MATLAB engineering calculation system.

The implementation of the third stage of research is devoted to the evaluation of
dynamics models: a generalized control object and vectors of controlled and uncontrolled
perturbations that operate under the conditions of movement of a combine harvester across a
field, the terrain of which and yield change randomly. The initial data for this stage consists of
a field yield map, records of laboratory bench tests of the hydraulic transmission, known
models of the dynamics of the longitudinal movement of the harvester, characteristics of
macro irregularities of the field, which are described by a system of equations of the type (1),
metrological characteristics of sensors for the flow of grain mass and yield changes. The
methodological basis consists of the relevant algorithms and methods of their application,
determined at stages I, I1.

The purpose of the fourth stage of research is to determine the structure and
parameters of the matrix of the transfer functions of the two-channel controller of the optimal
combined stabilization system and the matrix of the transfer functions of the single-channel
controller of the conventional optimal stabilization system, which allow to evaluate the effect
of the application of the combined principle of regulation to achieve the goal of the
dissertation. The initial data for the execution of these studies are the corresponding results of
stage III. As a result of the synthesis of the combined stabilization system at different levels
of the average yield of the field, obtain nomograms of changes in the parameters of the matrix
of optimal transfer functions.

The fifth stage of research consists of two stages. At this stage, based on the transfer
functions of the two-channel controller, tactical and technical characteristics of
microprocessors of different architectures, and the features of modeling the dynamics of
control systems in the SIMULINK environment, it is necessary to develop and apply the
methodology for developing a microprocessor control system that implements the matrices of
the transfer functions of the two-channel controller, as well as to simulate the operation of the
synthesized system in conditions of change in the average yield level.

Conclusions. Thus, the article substantiates the composition and defines the content of
operations of the new information technology for designing a combined system for stabilizing
the flow of bread mass at the entrance to the thresher of the grain harvester.

The new technology has several distinctive features. First, its implementation allows
obtaining differential equations of the grain harvester, which take into account the dynamic
properties and design features of hydrotransmissions operating in the mode of constant load
changes.

Secondly, it allows designing control systems for technological processes on the
harvester, designed for the action of external influences that have a stochastic nature.

Thirdly, the new technology allows for the synthesis of optimal combined stabilization
systems under the conditions of action of two multidimensional independent sources of
disturbances at the input and output of the stabilization object.
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Jlvomua axademisa HayioHanvbHo2o asiayilinozo yHieepcumemy, M. Kponusnuysxuii, Yxpaina

JLI'. BixpoBa, npo¢., kaaa. tex.Hayk, M.C. MipomHiyenko, rom., kaaa. tex.Hayk, B.Il.CongaTtenko, morr.,
KaHJl. TeX.HayK

Llenmpanvnoykpaincokuil HayioHanvHull mexHivnul ynigepcumem, m.Kponuenuyvkuil, Yxpaina
Indopmaniiina TeXHOJIOTiSI NPOEKTYBAHHSA CHCTEMH aBTOMATHYHOI cTadindizauii moToky

XJ1i0HOT MacH HA BXOJi B MOJIOTapKY KOMOaiiHa

Y cTarTi NpencTaBiIeHO HOBY METOAMKY CTBOPEHHS IH(QOpMamiiHUX TEXHOJIOTiH IPOEKTYBaHHS
KOMOIHOBAaHOI CHCTEMH CTa0umi3alii MOTOKY XJIIOHOI MacW Ha BXOJI B MOJOTapKy KomOaiiHa. OKpeciieHO
XapakTepHi pUCH Takoi MeTOIUKH. L{e 103BoIIsIE MPOEKTYBATH CUCTEMHU KEPyBaHHS TEXHOJIOTIYHUMHM MPOLIECaMU
Ha KOMOaliHi 3 ypaxyBaHHSIM 30BHIIIHIX BIUTUBIB, SKi MalOTh CTOXaCTHYHHUNA XapaKTep.

OOTpyHTOBaHO eTany CTBOPEHHs iH(pOpPMAIiIfHOT TEXHOOTII A CHHTE3y ONTUMAIBHOI KOMOiHOBaHOT
cucteMu ctabimizamii 31 3BOPOTHHM 3B’S3KOM 3a BIIXWJICHHAM MacH XJi0a BiJ cepemHpOro 3HAYCHHSA Ta
MOMPABKOIO Ha 3MiHH BUXO/IY.
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VY crarti OOIpyHTOBaHO CKJaJ Ta BHM3HAUEHO 3MICT omepauid HOBOI iH(opmauiiiHOT TexHoJorii
NPOEKTyBaHHsS KOMOIHOBaHOI ccTeMH cTadiiizalil MoTOKy XJI1i0HOT MacH Ha BXOJli B MOJIOTapKy KOMOaiHa.

HoBa TexHouoriss Mae kimbka BigMiHHMX puc. [To-mepiie, iioro BIpoBaJKEHHS J0O3BOJISIE OTPUMATH
mudepeHmianbpHi  pIBHSAHHS 3epHO30MpaJbHOrO KOMOaiiHa, SKi BpaxoBYIOTH JAWHAMI4YHI BJIACTUBOCTI Ta
KOHCTPYKTHBHI 0COOJIMBOCTI Tiziporepeaad, o NpamiooTh B PeXUMI IIOCTIHHOT 3MiHM HaBaHTa)KeHHSI.

[o-npyre, 11e 103BOIISIE NPOEKTYBATH CUCTEMH YIIPABIiHHS TEXHOJOTTYHUMH IpoLlecaMy Ha KOMOakiHi,
pO3paxoBaHi Ha 30BHIITHI BIUIMBH, 1[0 MAIOTh CTOXaCTHUIHHN XapaKTep.

[To-Tpere, HOBa TEXHOJOTiA MO3BOJISIE CHHTE3YBATH ONTHMANBHI KOMOIHOBaHI CHCTEeMH cTaOuimizarmii B
YMOBax HasBHOCTI IBOX 0araTOBMMIPHUX HE3aICKHUX JKepel 30ypeHb Ha BXOi Ta BUXOi 00’ ekTa cTadimi3artii.
crabdinizanisa NOTOKY 3epHOBOI MacH, ONTUMAJIbHI CHCTeMH, CUCTeMHMII cMHTe3, iHdopMauiiiHi TexHOoJIoril,
€TaNu J0CTiIZKeHH
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JlocmipKeHHs] AMHAMIYHUX HaBaHTAXKEHb PaMU
(pOHTATLHOTO HaBaHTa)KyBaya 3 BUKOPUCTAHHSIM
koM torepHux 3D Moaenen y cepenouil Siemens NX

VY craTTi 3anmpoNOHOBAHO HOBE pILIEHHS 3 TNPOBEACHHSA aHajli3y MIIHOCTI paMu (POHTAIBHOTO
HaBaHTa)XyBaua Ha cTalii MPOEKTYBaHHS 3a JIONIOMOTOI0 KOMI'I0TepHHX 3D mozenelt y cepenosuii Siemens
NX. [anuii mMeron I03BOJIIE HE CTBOPIOBATH HOBY MOJEJb PaMH B METalli y HATypajbHY BEJIMUUHY JUIS
MPOBEACHHSA BHUIPOOYBaHb. BiNMmoBiMHO IO 3ampONOHOBAHOTO METOAY MOCTATHHO BHKOHATH MAaCIITA0OBaHY
CHIpOIIEHY MOJETbh MaifiOyTHROI paMU, IIPOBECTH BUTIPOOYBAHHS HA MIIHICTh Ta 3allPONOHYBATH KOHCTPYKTUBHI
3MIHH OIOJ0 PO3pOOKH pamioHaTBHHUX MapamerpiB. Taxwii MeTOJ J03BONSE CYTTEBO CKOPOTHTH BUTpPATH Ha
MaTepiaiv, BApPOOHMIITBO Ta YaC BUTOTOBJIEHHS HOBHX BUPOOiB.

MillHiCTh, pamMa, HABAHTAXKeHHs, BUNpPoOyBaHHs, 3D Moaeab, IuHAMiKa, TPUBHMIpHe KOMII’IOTepHe
MoaeaoBaHHs, Siemens NX

ITocTanoBka mpodJjeMu. Y X0/ MPOEKTYBaHHS HOBUX OYyMIBEIBHUX Ta JOPOXKHIX
MaIlliH BUKOPUCTOBYIOTH pizHOMaHiTHI koM totepHi CAD ta CAE nporpamu. Koncrpykrop
Ma€ MOXJIMBICTh 3aJaBaTh TEBHI BJIACTHBOCTI MIIIHOCTI MaHOyTHIM KOHCTPYKIIi 3a
JOTIOMOTOI0 PO3PAaXyHKIB METOJOM KIHIIEBUX EJEMEHTIB. AJie BXKE€ IMiCIis BUTOTOBIICHHS
MEepIIoro JOCHITHOTO 3pa3ka HACTa€ MOMEHT, KOJHM JUIsl MiATBEPKEHHS TIOMEpPEeTHIX
PO3paxyHKiB Ha MIITHICTh HOT0 MOTPIOHO BUMPOOYBAaTH HAa HABAHTAXKEHHS, IO JIIFOTH MiJ Yac
BUKOHAHHS TEXHOJIOTIYHUX OIEeparii.

AHalmi3 ocTaHHiX Aochigxkenb i myOaikamiii. [locnmimpkeHHAM 3 BU3HAYCHHS
HABaHTAXKEHb, K1 JIIOTh Y paMax Pi3HOMaHITHUX TPAHCIOPTHUX 3ac001B, OYJIO MPHUCBIYEHO
HU3KY poOiT: y [1] po3risimaerbcs MeTOJ HPOTHO3YBAaHHS >KUTTEBOTO IUKIY pPaMU 3a
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