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Combined system of automatic flow stabilization bread
mass at the entry of the thresher of the grain harvester

The research conducted in this article is devoted to solving the actual problem of loading the grain
harvester with bread mass at the entrance of the thresher. It is possible to achieve the minimum level of
fluctuations in the flow of bread mass at the entrance of the threshing-separating device only in appropriately
designed optimal multidimensional stabilization systems. At the same time, the methods of dynamic design
and analytical design should be used for the construction of similar systems.

We proposed to extend the experimental and analytical approach to the design of optimal
stabilization systems to the case when minimal fluctuations in the flow of bread mass occur at the entrance to
the thresher of the grain harvester. As a result, we developed and implemented an optimal combined system
of automatic stabilization with feedback on the deviation from the average value of the flow of bread mass
and correction according to the change in output.

To carry out the above studies, the method of analyzing the quality of stabilization under random
steady-state effects was used, and this made it possible to calculate normalized indicators of the quality of
stabilization.
grain mass flow stabilization, automatic stabilization system, standardized quality indicators,
hydraulic transmission, average yield, control signal vector

Formulation of the problem. The search for ways to increase the efficiency of
grain cultivation in the world and in Ukraine led to the emergence of a system of precision
agriculture. This system [6], on the one hand, provides maximum yields on certain
agricultural areas, and on the other hand, it is aimed at maintaining the fertility of land.

Harvesting is the crown of production of any agricultural crop production. It is
difficult to overestimate its importance and significance. This is the most costly
technological operation. It accounts for 25 to 40% of total direct technical costs spent on
technology as a whole. Non-performance or poor performance for one reason or another of
the technological assembly operation turns the costs of all previous operations into direct
losses. The quality of the performance of this technological operation is determined by
many factors that characterize the design, condition and reliability of grain harvesting
equipment, the degree of training of personnel, technology and harvesting conditions.

Analysis of recent research and publications. As we can see from the analysis of the
design features of grain harvesting equipment [3], there are several ways to improve the
quality of grain harvesting. Work on the development of new designs of elements of grain-
harvesting equipment and grain-threshing technologies is constantly underway. But in order
to achieve the maximum quality of grain collection, both for new developments and for
existing grain harvesting equipment, it is necessary to provide optimal operating modes. One
of the problems, the solution of which coincides with the trends in the development of grain
harvesting equipment, is the stabilization of the flow of bread mass at the entrance to the
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thresher of the combine. Since any new developments in the designs of elements of grain
harvesting equipment and grain threshing technologies are nullified by significant
fluctuations in the flow of bread mass, and on the other hand, ensuring a stable flow makes
it possible to maximize the quality of harvest for a given design and technology of grain
collection.

Achieving the minimum level of fluctuations in the bread mass flow at the entrance
of the threshing-separating device is possible [4,7], only in appropriately designed optimal
stabilization systems. Therefore, the design and implementation of optimal grain flow
stabilization systems is an important factor in maximizing the quality of the harvesting
process.

Setting objectives. A characteristic feature of the modern development of
automation systems for controlling technological processes on domestic and foreign
harvesters [1,2,5] is the use of the latest methods, techniques and means of developing on-
board control systems. The latest methodologies for creating control systems allow you to
take into account the real stochastic nature of the change in signals acting in the control
loops and to determine the structure, and not only the parameters, of the on-board
controller that deliver the extremes of the selected quality criterion. Therefore, the
development and implementation of a new method of automated synthesis of the optimal
system for stabilizing the flow of bread mass at the entrance of the thresher of the grain
harvester will allow to ensure the most complete use of achievements in the field of
improving the design of threshing-separating devices and threshing technology.

A necessary condition for justifying the choice of a method of creating a particular
automation system is the study of information about useful signals, disturbances and
interferences acting on the system in the real conditions of its operation.

Presenting main material. In order to achieve the maximum quality of
stabilization of the flow of bread mass at the entrance to the thresher of the grain harvester,
it is necessary to apply the methods of dynamic design and analytical construction in the
construction of the optimal system. Before developing the system, it is necessary to
analyze the factors, the consideration of which will make it possible to achieve the required
quality. These factors can be divided into three groups: dynamic characteristics of the
elements of the automatic stabilization system; dynamic characteristics of disturbances
acting in the system; meter noises.

From the point of view of dynamic characteristics, the most complex element of the
system is the control object, the input of which is the angle of inclination of the washer of
the hydraulic pump cylinder block, and the output is the flow of bread mass at the entrance
to the thresher. A combine harvester is a rather complex object that includes non-linear
elements, non-stationary elements and complex relationships between elements.

In the literature [2,5,8], a large number of mathematical models of both individual
nodes and large aggregates and even the entire combine are described. These models are
designed to solve various problems. From the point of view of the problem of stabilization
of the grain mass flow, it is necessary to obtain a model of the generalized control object
"the angle of inclination of the washer of the cylinder block - the flow of grain mass at the
entrance to the thresher" (Fig. 1), which includes a hydraulic transmission that changes the
frequency of revolutions of the hydraulic motor shaft ® depending on from the angle of
inclination of the washer of the cylinder block of the hydraulic pump v, the transmission of
the combine, which converts the rotation of the hydraulic motor shaft into the translational
movement of the combine, and the mathematical relationship connecting the flow of bread
mass O with the translational speed of the combine
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0=VBYV(1+¢), (1)

where Q is the flow of bread mass at the entrance to the combine thresher, kg/s;

V' is the speed of the combine, m/s;

B — harvesting width, m;

Y — crop productivity, kg/m?;

£— 1is the ratio of grain to the non-grain part of the bread mass.

The first bread mass flow stabilization systems were built using mechanical,
pneumatic, and hydraulic engine operating modes control links [3]. These systems could
not give high accuracy of flow stabilization because they implemented simple control laws,
so their implementation was hampered by a small gain in the quality of harvesting.

The relevance of the issue of stabilizing the flow of bread mass caused the further
development of methods, techniques and means of developing systems of this class. New
sensors of non-electric quantities for grain harvesters, circuit solutions and regulation
principles were developed. A review of literary sources [3,6] showed a wide variety of
methods and devices for regulating the loading of a grain harvester.

The analysis of the considered methods and devices for regulating the flow of bread
mass showed that a common drawback is that they do not take into account the real
dynamic properties of the control object and disturbances acting in the system.

A new impetus for the development of grain mass flow stabilization systems was
given by the use of hydraulic transmission to regulate the speed of movement of the grain
harvester. This made it possible to adjust the speed without affecting the operation of all
other units of the grain harvester.

Taking into account the significant change in the average yield of fields in different
regions of Ukraine, which is associated with the imperfection of grain growing
technologies, the main drawback of the considered automatic systems for stabilizing the
loading of the combine thresher is that they lack the adaptation of the parameters of the
regulation laws to the change in the average yield. The consequence of this is the
deterioration of the quality of harvesting with a decrease in the average yield of the field.
Therefore, there is a need to create a system of automatic stabilization of the grain mass
flow adapted to the conditions of domestic fields and adapted to the average yield of the
field.

The development of modern technologies for managing technological operations in
agriculture makes it possible to combine precision farming systems with the global
positioning system and the capabilities of aerospace photography, therefore there is an
opportunity to improve the quality of harvesting due to the construction based on the
functional scheme of the system of the combined system of stabilizing the flow of bread
mass at the entrance of the thresher (Fig. 1).
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Figure 1 — Structural diagram of the combined automation system
Source: developed by the author Osadchyy, S. 1., Miroshnichenko M. S.

The structural scheme of such a combined, moreover, multidimensional
stabilization system (Fig. 1.) proposed by us consists of a number of elements. First of all,
it is a control object, the dynamics of which is described by a system of equations

Bxy =Mu +y,

Pxy =y, (2)
x=x1+x2

where x, x1, xo — n -dimensional vectors of the initial coordinates of the control
object;

u — m - dimensional vector of control signals;

P, P, — polynomial matrices from the differentiation operator s=d/dt size nxn ,
which determine the change in the initial coordinates of the object when the disturbance
vectors 1, ¥, change and are equal to

P, =(s+1.2)s+0.206), P, =3,85-107, 3)
M, — polynomial matrix from the differentiation operator s of size nxm
M, =144, 4)
which characterizes the sensitivity of the control object to changes in the components of
the vector u.
The deviation feedback consists of a sensor system, the dynamics of which is

characterized by the transfer function matrix K/, and the measurement errors by the noise
vector ¢/, and the first channel of the regulator with the transfer function matrix W1

_ 123(s+319)(s +3.91)(s +0.2063)
' (5+332)(s+0.4108)(s* + 255 +318)

()
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The disturbance correction includes sensors with a matrix of transfer functions K2
and a vector of measurement disturbances ¢2 and the second channel of the regulator, the
dynamics of which is described by the matrix W2

12.33(5+0.2063)(s” - 2.445+0.993)
© (s+332)(s+0.4108) (s> + 255 +318)’

(6)

Since the sources of disturbances acting on the generalized object do not coincide
(Fig. 1.), the structure of the combined system differs from the standard one [2]. The main
distinguishing feature of the structural diagram in Fig. 1. there is the presence of a circle of
correction for only one disturbance - field yield fluctuations.

In order to ensure the possibility of implementing this principle of regulation, work
should be carried out aimed not only at the development of field yield assessment systems
and the construction of yield maps even before grain harvesting, but also at the creation of
new methods, principles and means of synthesis of optimal combined stabilization systems
with correction for disturbance, which act on their output.[8,9]

To ensure the maximum quality when harvesting grain, it is worth creating an
optimal combined system of stabilization of the volume of bread mass at the entrance to
the thresher. The structure and parameters of the specified systems must be chosen taking
into account the dynamics model of the stabilization object (polynomials M1, P1, Fig. 1.),
primary measuring transducers in the feedback circuits for the deviation K/ and in the
correction circuit for the disturbance K2, disturbances y/, w2 and interference ¢/, ¢2,
which corresponds to the real operating conditions of the harvester, taking into account the
latest effective methods of automated creation of control systems.

This approach to the design of automatic control systems is based on the fact that,
as a result of finding a solution to the problem of analytical design, even before starting the
main design of the system, it is necessary to assess the limits of improving its quality, as
well as to create an optimal structure, not only the parameters of the regulator, but also
establish the expediency of starting work that will lead 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 product arise only after a positive decision has been made regarding the feasibility and
quality of the system.

Such an experimental and analytical way makes it possible to significantly reduce
costs for the development of an automatic control (stabilization) system by reducing the
terms of testing and debugging work, determining the maximum limits of maximizing the
quality of control even when a technical proposal was created, formalizing the methods of
synthesizing the stabilization system and analyzing its quality, carrying out the final design
to reproduction of optimal control laws invented analytically.

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 [1,3,6]
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 [2]. Thirdly, the existing methods of synthesis of optimal
combined stabilization systems allow to successfully determine the structure and
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parameters of a two-channel controller, if the system has only one controlled source of
disturbances at the input of the stabilization object.

To overcome the identified shortcomings, we propose to spread the effect of the
experimental and analytical approach [2,5] to the development of optimal stabilization
systems in case of minimization of fluctuations in the flow of bread mass at the entrance of
the thresher of the grain harvester through the development and implementation of the
optimal combined stabilization system with feedback based on the deviation of the bread
mass mass from the average value and correction for changes in yield.

In accordance with the design plan of the optimal combined system of stabilization
of the volume of bread mass before entering the thresher of the grain harvester, a study was
conducted of changes in the dispersion of the flow of bread mass e, the angle of
inclination of the washer of the hydraulic pump cylinder block e, and the stabilization
quality indicator e, which arise in the adaptive optimal combined stabilization system when
changing constant ratios p, pi, W, which characterize the operating conditions of the
system and when the average yield of the field ¥, changes.

The ratio p, pul, p2 determine the operating conditions in which the system should
function. They can vary widely when the characteristics of the field surface and the noise
intensity of the sensors change. p is the "relief-yield" ratio. [4,7]

To carry out the study, the method of analyzing the quality of stabilization under
random steady-state effects [2] was used, which made it possible to calculate normalized
indicators of the quality of stabilization:

e e e

- — - X - u
e=—5,e =—,8 =5, (7)

where o5 is a coefficient equal to o, = /¢, , and the variable ey is equal to the quality

indicator of the adaptive stabilization system, synthesized at the value of the weight
coefficient C = 1, the average yield Yo = 0.35 kg/m2 and the ratios p = 1,06'104, p =0,5,

w=0,5, ¢, =1-1 0~ , are summarized by one value as an example in Table 1.

Table 1 —Standard indicators of the quality of stabilization at x;=u,=1

Vo, Kr/M*
0.2 0.25 0.3 0.35 0.4 0.45 0.5
e, 1.59 1.28 1.11 1.02 0.97 0.93 0.92
gyl e, 1.68 1.32 1.14 1.01 0.96 0.92 0.91
T e 3.27 2.6 2.25 2.03 1.93 1.85 1.83
e, 1.72 1.39 1.21 1.1 1.05 1.01 1
« |85 e, 1.82 143 | 1.23 1.1 1.04 1 0.98
e 3.54 2.82 2.44 2.2 2.09 2.01 1.98
e 1.89 1.53 1.36 1.22 1.15 1.11 1.09
ol e, 2.01 1.59 1.39 1.23 1.15 1.1 1.07
e 39 312 | 275 | 245 23 221 2.16

~ Source: developed by the author Osadchyyj, S. 1., Miroshnichenko M. S.

Consideration of the quality change surfaces of fig. 2, constructed according to the data of
table 1, allows us to draw several conclusions.
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Figure 2 — Surface changes of the standardized system quality criterion
Source: developed by the author Osadchyj, S. 1., Miroshnichenko M. S.

Conclusions. The main influence on the quality of maintenance of the set value of
the flow of bread mass by the optimal combined system with adaptation is exerted by the
change in the average yield of the field. When it changes from 20 to 50 c/ha, the change in
normalized root mean square deviations of the flow of bread mass is almost 80%. A
change in the driving conditions of the harvester during harvesting within very wide limits
(the coefficient p is ten times) causes a change in the normalized root mean square
deviation of the bread mass flow by a maximum of 15%.

The inclusion of an optimal two-channel regulator in the feedback circuit, the
parameters of which are adapted to the average yield of the field, ensures the stability of
the closed control system and limits the root mean square deviation of the flow of bread
mass at the entrance to the thresher in the amount of 5.2-107 kg/s at the root mean square
deviation of the control signal - the angle of inclination of the washer of the cylinder block
of the hydraulic pump, which is 3.48°, in the worst conditions of minimum yield and
maximum intensity of sensor noise.
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Kom0inoBana cucteMa aBTOMATHMYHOI cTa0ini3anii moToky XJi0HOI Macu Ha BXOAi

MOJIOTAPKH 3€PHO30MPAILHOT0 KOMOAHY

IIpoBemeni y  maHidi  cTaTi  JOCHI[HKEHHS  NIPUCBAYEHI  BUPIMICHHIO  aKTyaJIbHOL
npoOJieMH 3aBaHTAKCHHS 3ePHO30MPATBHOTO KOMOAWHY XJIIOHO MAacor Ha BXOHi MoJjoTapku. Jlocsrtu
MIHIMaJILHOT'O PiBHsI KOJIMBAHb MMOTOKY XJIIOHOT MacH Ha BXOJi MOJIOTHJIBHO-CEMAPYIU0ro MPUCTPOI0 MOKHA
TUIBKW Y BIJIIOBIIHUM YMHOM CIPOEKTOBAaHHMX ONTUMAaJbHUX OaraToBMMIpHHUX cucreMax cradimizamii. ITpu
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[bOMY CJIiJ] 3aCTOCOBYBaTH METOJAM JMHAMIYHOTO NPOEKTYBaHHS Ta AHAJIITUYHOIO KOHCTPYIOBAaHHS 3a
mo0y/TOBH MOIIOHUX CUCTEM.

Mu 3amponoHyBaJIM MOUIMPHUTH EKCIIEPUMEHTAIbHO-aHAJITUYHUHA MigXiJg /0 TPOEKTYBaHHS
ONTHMAIBHUX CHCTEM cTabinizarii 10 BUIIaAKy, KOJIM Ha BXO/l 10 MOJIOTapKH 3€pHO30MpalIbHOTO0 KOMOaiHy
BiOyBalOThCs MiHIMalIbHI KOJMBAHHS IIOTOKY XJIIOHOT Macu. Y pe3ynbrari po3poOMIM Ta BIIPOBAIHIH
ONTHUMAJIbHY KOMOIHOBaHY CHCTEMY aBTOMATHYHOI cTaOimi3arlii 31 3BOPOTHUM 3B'SI3KOM IO BiIXMIJIEHHIO Bif
CePeIHBOTO 3HAYCHHS MTOTOKY XJIIOHOT MacH Ta KOPEKIIE€r0 BiIIOBITHO 0 3MiHH BUXOMY.

Jis BUKOHAaHHSA HaBEICHUX IOCHTIMHKEHb BHUKOPUCTAIM METON aHaJi3y SKOCTi cTalimizamii mpw
BUIIAJKOBUX CTalliOHAPHUX BIUIMBAX, a I[€ MAO3BOJIWIO pPO3PaxyBaTH HOPMOBaHI MOKa3HUKH SKOCTI
crabimizarii.

3 Meror0 MiHIMi3alii KOMMBaHb IOTOKY XJIIOHOI MacH HeoOXigHa po3poOKa SIKICHO HOBHX
KOMOIHOBaHHMX CHCTEM aBTOMATHYHOI cTaOumizamii Ha 0a3i MOeIHAHHS CHUCTEM TOYHOTO 3eMIIepoOCTBa 3
cHCTEMaMH IJI00aJbHOTO MO3WIIIOHYBaHHS PYXOMHX 00’€KTiB, BPaxOBYHOUM MOJIJIMBOCTI a€pOKOCMIYHOI
(hoTo3iOMKH.

Crpykrypa Ta napaMeTpy 0araToBUMipHUX cHcTeM cTalurizalii MaloTh OyTH 3HalAEH] y pe3ysbTaTi
BUKOHAHHS CHHTE3y ONTHUMAaIBHUX CHCTEM aBTOMAaTu3allii, BpaXOBYIOUH IIPH IIbOMY OCOOIMBOCTI JUHAMIKH
rizpoTpaHcMmicii 3epHO30MpaIbHOrO KOMOaiHy, 3MIHHMH XapakTep pesbedy IOJsl, TOYHICTH Ta IHEpIiio
JATYUKIB, YPOKAWHICTh y pealbHIX YMOBAX 30UPaHHS YPOXKALO.
cradinizanisn MOTOKY 3epHOBOI MacH, CHCTeMa aBTOMATHYHOI cTadinizamii, HOpMOBaHI MOKA3HUKHU
SIKOCTI, riApoTpaHcMicis, cepeHs YPo:KaliHiCTh, BEKTOP CUTHAJIIB KepyBaHHS
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