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The aim of the study is to develop recommendations for reducing grain losses based on the analysis of
experimental data on the characteristics of flows during its transportation by the scraper elevators of a
combine harvester. Primary experimental data were obtained using capacitive-wave sensors for grain
threshing. For carrying out experimental studies, a combine harvester KZS-9-1 "Slavutych™ was chosen,
which was equipped with a grain threshing sensor DNZ-01. To control the productivity of the grain-bearing
elevators, it was equipped with a grain re-threshing sensor DDZ-01. An on-board computer was used to
record data on the productivity of the grain flow of the elevator. The grain threshing sensor and the grain re-
threshing sensor according to the functional diagram are made in the same way but differ in geometric
parameters. This is due to the design features of the grain transport lines of the combine, and is considered
as the main part of the experimental equipment for controlling the flow of agricultural materials. The
measurement results were processed using the methods of mathematical and statistical analysis using
applied computer programs. The performance of the grain and spike elevator of the KZS-9-1 "Slavutych"
combine was measured in the field using sensors for threshing and final threshing of grain when harvesting
winter wheat by direct combining with an average yield of 4.8 t/ha, grain moisture — 12...13%, straw content
—1: 1 and the upright vegetation cover of grain fields. The site was chosen as a strip of a field with a width
of 14 m and a length of 1000 m, had clogged areas and liquefied crops, that is, the real working conditions
of the combine. When comparing the experimental flow characteristics of the productivity of the grain and
grain elevators of the combine with the well-known parameters of the quality of technological adjustments of
the thresher, at the initial stage, free grain in the final threshing line was found. At the same time, the
average productivity of grain transportation in the threshing line was 3...4 kg/s, in the final grinding line —
0.05...0.15 kg/s. By changing the technological adjustments of the thresher, no possible flow of the grain
heap in the final threshing line was achieved — 0.04...0.08 kg/s, which increased the productivity of
transporting grain to the bunker to 3.1...4.2 kg/s. Such correction of the technological process made it
possible to reduce the level of grain losses (according to the indicator of the serial control system on
7...15% by reduce the intensity of losses), which is especially effective in areas infested with weeds.

Key words: grain harvester, grains, threshing, elevator, productivity, grain threshing sensor, grain final
threshing sensor, winter wheat.
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JOCJIJI)KEHHS BIUIMBY PEXKUMIB POBOTU TPAHCIIOPTHUX JITHIMI
3EPHO3BHUPAJIBHOI'O KOMBAMHA HA SIKICTh OBMOJIOTY 3EPHA

C. B. Axin, O. A. bBypnaxa
ITontaBchka nepkaBHA arpapHa akanaeMis, M. [lontasa, Ykpaina

Memoio 0ocnidocents € po3pobKa peKxomMeHOayiti Wooo 3MEHUIEeHHS 6MPAm 3ePHA HA OCHOBI AHANIZY eKC-
NepUMEHMANbHUX OAHUX XAPAKMEPUCTNUK NOMOKI8 NPU 1i020 MPAHCNOPMYBAHHI CKPEOKOBUMU enesamopamu
3epHo30upanvHoco kombatiny. Ilepsunni excnepumenmanbHi OaHi OMPUMAHi 3a OONOMO2010 EMHICHe-
X6UTbOBUX OAMYUKIE HAMOLOMY 3epHA. [[isl NPOGeOeHHs eKCNEPUMEHMANbHUX 00CTIONCEHb 0OPAHO 3ePHO3-
oupanvrui komobatin K3C-9-1 «Cnagymuuy, obraonanuii oamuuxom Hamonoma 3epua JH3-01. /[nsa xonm-
POJIIO NPOOYKMUBHOCE KOJIOCOB020 enedamopa 11020 0yno obaaduano oamyuxom oomonomy zepna //[3-01.
Dixcayiro Oanux wooo NPOOYKMUBHOCHI 3ePHOB020 NOMOKY ellesamopa 30ilicHio8as bOpmosuil Komn omep
muny « MONOMAC». Jlamyux Hamonomy 3epHa ma 0amuyux 00MOA0OMY 3epHa No PYHKYIOHANbHIT cXeMi 8-
KOHAHI 00HAKO0B0, ajle PO3PI3HAIMbCA 2e0MeMPUYHUMU napamempamu Lle 3ymMo81eno 0cooausocmsamu KoH-
CMPYKYILl 3ePHOBUX MPAHCHOPINHUX JIHIL KOMOAUHA ma po321a0aiomsbCs, AK OCHO8HA YACUHA eKchnepume-
HMATLHO20 001AOHAHHA OJisl KOHMPOJIO NOMOKIB CilbCbKO2OCNOOApChKux mamepianie. Pesynvmamu eumi-
PIO8aHb OYIU ONPAYBOBAHT 3a OONOMO20K) MEeMOOi8 MAMEMAMUUHOZ0 MA CIMAMUCMUYHO20 AHANIZY 3 BUKO-
PUCMAHHAM NPUKIAOHUX KOMN tomepHux npozpam. lIpodykmusHnicms pobomu 3epH08020 mMa KOJLOCOBO20
enesamopis komoaiina K3C-9-1 « Cnagymuuy suMipto8anace y noiv08Ux yMosax 3a yMosu 00noMo2010 0am-
YUKIB HAMOIOMY MA OOMOJOMY 3€PHA NPU 30UPAHHI 03UMOT NULeHUYT NPAMUM KOMOAUHYBAHHAM 34 cepeo-
HboI 8podrcatinocmi 4,8 m/za, éonoeocmi 3epna — 12...13%, coromucmocmi — 1 : 1 ma npsamocmosyomy xui-
b6ocmoi. Obpana dinanka — cmyea noas wupuroio 14 m ma oosacunoro 1000 m, axa mana 3a6yp ‘sameni 301U
ma 3piodiceHi nocisu, moomo peaivHi eupoOHUYI yMosu pobomu kombaiina. Ilpu 3icmasnenni excnepumen-
MATLHUX NOMOKOBUX XAPAKMEPUCMUK NPOOYKMUBHOCHE 36PHOB020 MA KOJIOCOB020 e1e8amopie KoMOalHa i3
3a2a1bHOBI0OMUMU NAPAMEMPAMY AKOCMI MEXHOLOLIUHUX Pe2yNi08anb MOJIOMApKY OVI0 8UABIEHO HA NOYd-
MKOBOMY emani 8invHe 3epHo 8 NiHii domoromy. Boouwouac cepeons npooyKmueHicmos mMpaHCHopmy8aHHs.
3epHa 8 Ainii namoromy cxnana 3...4 ke/c, 6 ainii domonromy — 0,05...0,15 xe/c. 3minoro mexunonocivnux pezy-
JIH0B8AHL MOJOMAPKU OOCASHYMO HAUMEHUI020 MONCIUBO20 NOMOKY 3€PHOB020 80POXY 8 JiHii domoiomy —
0,04...0,08 ke/c, wgo niosuwuro nPoOyKmMueHicmvb MpaHcROpmysanHs 3epua ¢ oynxep 0o 3,1...4,2 ke/c. Taxa
KOpPeKYisi MexHONI02IUH020 npoyecy 0dnid 3M02y SMEHWUMU PIeHb 6mpam 3epHa (3a IHOUKAMOPOM CepiliHol
cucmemu KOHmMpoaro Ha 7...15 % 3a 3meHueHHAM IHMEeHCUBHOCMI 8mpam), Wo 0CoOIUB0 eEeKMUBHO HA
3acmivenux oyp aHamu niowax.

Knrouosi cnosa: 3eprozbupanvhuil Kombaiin, empamu 3epHa, 00MOIOM, eleeamop, npooyKMuUGHICMb,
0am4uK HaMoOIOMY 3epHa, OAMYUK OOMOJIOMY 3ePHA, O3UMA NUUEHUYSL.

UCCJEJOBAHUE BJIUSAHUS PEXKUMOB PABOTHI TPAHCIIOPTHBIX JIMHUM
3EPHOYBOPOUYHBIX KOMBAMHOB HA KAYECTBO OEMOJIOTA 3EPHA

C. B. sIxun, A. A. bBypnaxa
[TonTaBckas rocyaapcTBeHHas arpapHas akagemus, T. [lontaBa, Ykpauna

Lenvio uccnedosanusi aensiemcs pazpadomKa PeKOMeHOAYULl N0 YMEHbUEHUIO NOMEPb 3ePHA HA OCHOBE AHAIU-
30 IKCNEPUMEHMATILHBIX OAHHBIX XAPAKMEPUCTNUK NOMOKO8 NPU €20 MPAHCHOPIUPOBKe CKPEOKOBbIMU IN1e8AMO-
pamu 3epHoybopounozo kombaina. Tlepeuunvie SKCHEPUMEHMATbHBIE OAHHbIE NOTYHEHbL C NOMOUbIO EMKOCIHO-
BOTIHOBLIX OAMYUKOE HAMOA0MA 3epHa. TIpouzeooumenbHocmy pabomvl 3ePHOB020 U KOLOCOBO20 ANEBAMOPO8 KOM-
oatina K3C-9-1 «Crnasymuuy uzmepsnace 6 peaivbHbIX NPouU3e00CMEEHHbIX YCI08usix pabomvl Kombatina. Hzmene-
HUeM MEXHONOSUHECKUX PeyIUPOBOK MOJOMUIKU OOCIUSHYMO HAUMEHBUIC20 B03MOICHO20 NOMOKA 3EPHOBO20
sopoxa 6 nunuu domonoma — 0,04...0,08 ke/c, umo nosvicuno npouzsooumenbHOCMs MPAHCROPIMUPOBKU 3ePHA 8
oyHKep 00 3,1...4,2 ke/c. Taxkas Koppexyusi mexHoI0sU4ecKo20 npoyecca No380JIUIA CHUSUMb YPOBEHb NOMeEPb 3ep-
Ha (N0 UHOUKAMOPY CEPULIHOU CUCMEMbL KOHMPOIS HA 7...15 % no yobleanuio UHMEeHCUSHOCMU HOMEPS), YMo 0COo-
OeHHO 3hPeKmuUBHO HA 3ACOPEHHBIX COPHAKAMU NIOUJAOSIX.

Knrouesvle cnosa: 3epnoyoopounvlii Kombatii, nomepu 3epHa, 0OMOLOM, 31€6amop, NPOU3E00UMelb-
HOCMb, OAMYUK HAMOLOMA 3epHA, OAMUUK OOMOSIOMA 3ePHA, O3UMAS NULeHUYA.
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Introduction

The branch of crop production is the dominating component of food security of Ukraine, and Poltava
region has a significant level of production, processing, and sales of grain and leguminous crops.

Critical indicators of grain production quality include environmental friendliness and energy-saving
technologies. Elements of engineering innovations in crop production are also directed to reducing the
harvesting losses.

Harvesting grain is the final step in the crop production process. The dominating element of the assembly
complex of farm vehicles is the combine harvesters [1, 2, 3]. The thrashing of grain and leguminous crops is
the last stage of that technology and therefore requires special attention. Unfortunately, nowadays, one can
quite often observe situations when after the cleaning of early grain crops, the field plentifully turns green in
the fall because of the loss of grain caused by the violation of production technologies. Therefore, the subject
of the chosen direction of the research is relevant and has practical value.

There are several works of the famous Ukrainian and foreign scientists, devoted to theoretical and practical
solutions, that can improve the use of combine harvesters by reducing the losses of grain and enhancing the quality
of thrashing: L. V. Pohorilyi, V. A. Sakun, V. O. Sheychenko, O. M. Pohoril'tsiya, A. A. Demko, M. D. Zenko,
M. K. Liny, V. I. Nedovesov, etc. In their works, the theoretical, technological, and experimental components of
technical operations of thrashing the grain are thoroughly stated [6, 9, 10, 12, 13, 15, and 20].

Papers, devoted to finding the abstract patterns and development of scientific hypotheses of the studied
subject, are [1, 6, 12, 13]. These scientific researches describe the modelling of technological processes of
thrashing, separating, and passing grain streams to combines.

A number of publications are devoted to the technique, methodology, and processing the results of pilot
studies on improvements in designs and increasing the productivity of combines on thrashing of various
grain, leguminous and commercial crops [7, 9, 10, 15, 16, 20].

Assessment of the quality of modern combines on the thrashing of grain crops is a complex multi-criteria
problem of current agricultural production. In that direction, thorough probes are stated in the works of
famous scientists [14, 16, 17, and 18].

The author of several publications [4, 5, 7, 8, 10, and 19] considered another criterion for evaluating the
technological level and the strategy of improving the design of grain-harvesting complexes. Those papers
also provide improvement options for the technical support of grain thrashing operational technology, which
includes the use of modern systems of automatic check and adjustment.

Besides, the adaptability of the current grain thrashing technologies of both Ukraine, comparing to the
other countries, as well as the features of collecting non-grain parts, are described by the famous scientists
V. A. Sheychenko, V. I. Nedovesov, V. A. Dubrovin, etc. [12, 13, 18, 19].

However, the majority of studies do not pay sufficient attention to the effects of climate change, which
causes speedup in the variability of agro-technical conditions of cleaning the grain crops. The climate on the
planet grows warm. The problem of insufficient moistening in crop production becomes more relevant.

The problems of the scientific direction devoted to questions of commodity assembly quality and grain
seed combines are stated in several papers in the international editions [21-24, 26-28]. The results of such
works focus on the interaction of working mechanisms of threshing-separating devices and grain mass. The
techniques and methodologies of scientific experiments, devoted to the influence patterns of the thrashing
system design data on such important indicators of quality as bunker grain contamination, crushing,
compression and abrasive grain damages, deterioration in similarity, specific power parameters of assembly
complex are described.

But the questions stated above require further improvement and more in-depth research. Thus, the subject
of this branch of scientific research is relevant, and the increased demand in the operating conditions of
combine harvesters, demand constant improvement, adaptation of their design to constantly changing agro-
ecological conditions of the corresponding agricultural region.

The purpose of this scientific publication is to obtain data on quantity characteristics of grain stream that is
transported by a scraper elevator of the combine harvester, using specific sensors. The analysis of the experimental
research results may reveal the underlying cause of grain loss and provide a method to reduce them.

The task of research:

1. To propose a method of pilot studying and testing the performance of the grain transportation control
units of the elevators of KZS-9-1 “Slavutych” combine harvester as an example.

2. Conduct pilot studies to define and compare the stream performance characteristics of a grain elevator
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and a cereal elevator of the final threshing line of the combine harvester in cleaning the winter wheat on
condition of grain loss minimization.

3. Prove the expediency of controlling the performance of grain and cereal elevators of the combine
harvester in transporting grain as a new method of controlling the optimal operating parameters of the
thresher and minimizing the harvest loss.

Materials and methods of research

By applying the developed capacitive sensor to a threshed grain to obtain primary experimental data on
the characteristics of the technological mode of transporting the grain by the grain elevator of KZS-9-1
“Slavutych” combine harvester. The results of measurements are processed using the methods of the
mathematical and statistical analysis and the specialized computer programs.

Results of research and their discussion

For the majority of modern combine harvesters, scraper elevators (fig. 1, poses 3) are an integral part of
the grain transport group, which are used to bring the grain up into the bunker. For transportation of non-
threshed grain in the final threshing device, the inclined elevator is used instead (fig. 1, pos. 5).
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Fig. 1 The scheme of additional equipment of the KZS-9.1 “Slavutych” combine harvester for
research of grain streams
1 —sensor to grain yield of kernels; 2 — straw shaker; 3 — grain elevator; 4 — the loading screw of bunker 5 —
ear elevator; 6 — sensor of the final threshing of grain; 7 — on-board computer; 8 — thresher; 9 — inclined
chamber; 10 — cabin; 11 — zone of unloading of grain in the bunker; 12 — motor power plant; 13 — the sensor
of the turnovers control; 14 — grain bunker.

The KZS-9-1 “Slavutych” combine harvester has been chosen as a base for carrying out pilot studies. To
control the performance of its grain elevator, the combine has been specially equipped with the sensor of the
thrashing of DNZ-01 grain (fig. 1, pos. 1). For additional control of the elevator performance, the sensor of
the final threshing of DDZ-01 grain has also been equipped by the ear elevator (fig. 1, pos. 6) with the
special onboard computer (fig. 1, pos. 7).

Such technical solution has allowed us to measure the most precise characteristics of the grain stream in
the control zone during the harvesting operation of the combine.

Sensors of grain thrashing and the final threshing, according to the function chart, are operating equally
(fig. 2) [5]. They differ in geometrical parameters that depend on the design of the combine’s grain
transportation lines and are considered as the central part of the device for controlling the streams of
agricultural materials [5]. The device consists of two capacitive sensors and a microcomputer for processing
the output signal from sensors.

The high-frequency sensor (fig. 2) has three electrodes 14 (with the purpose of creating the zone of
control), the generator of electromagnetic oscillations 7 has the first-mentioned electrode as an output, a
control zone 13 shielding device, amplifier 10 connected to the network of the negative feedback coupling
which has an input connected to the second electrode mentioned above. Detector 18 input is connected to the
output of the amplifier 10 and also the output block of making the signals 9. Electrodes are constructed as the
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open conducting surfaces isolated by dielectric layer pads, used to shield the zone of control on faces and
from the side, opposite to the area of control [5].
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Fig. 2 The function chart of the device for controlling quantity characteristics of grain streams
1 — sensor base; 2, 3 —the direction which forms control zone; 4 — side part of the sensor; 5 — electrode; 6 —
the insulator; 7 — the generator; 8 — electronic block of the sensor; 9 — entrance block; 10 — amplifier; 11 —
means of accounting of material; 12 — inclusion control device; 13 — screen; 14 — electrode; 15 — means of
linearization; 16 — the condenser; 17 — the resistor; 18 — detector; 19 — frequency converter; 20 — means of
accounting for conditions
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Fig. 3 Placement of the Sensor of grain kernels yield in the reloading cell of the KZS-9-1 “Slavutych”
combine harvester
1 — grain elevator; 2 — sensor to grain yield of kernels; 3 — reloading camera; 4 — the loading screw of
bunker 5 — grain flow direction (elements of casings are conditionally shown transparent)

The benefits of installing the sensor of yielding the grain kernels in the reloading chamber formed at the
exit of the upper part of grain elevator (fig. 3, pos. 2) and the similar scheme of installing the sensor of the
grain final threshing, are that between lifting elevator and the loading screw of the bunker there are no
transport devices or working bodies so that we can use sensors of high-frequency or capacitive type for

measurements.
The choice of mechanical parameters of sensors of kernels yielding and the grain final threshing is proved
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by the strength calculations of their bearing part and also the technological expediency of sensors production.
Therefore, the accepted material to produce the body, the screen, and the electrodes is steel sheet, 2 mm
thick.

The design of sensors of yielding the kernels of grain and the sensor of the final threshing of grain
developed by us are presented in the form of design-layout schemes in fig. 4 and fig. 5 for use option in the
KZS-9-1 “Slavutych” combine harvester.
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Fig. 4 Design-layout scheme DNZ-01
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Fig. 5 Design-layout scheme of the DDZ-01 sensor

During the sensor designing process, a vital task of determining the geometrical parameters of the lateral
section of chase under the isolating element was also solved (fig. 4, fig.5). Based on the electrical
requirements on the functioning of the isolating elements of the designed device, the lateral section of the
chase sizes of 2x4 mm has been chosen. The general plane and configuration of electrode plates are designed
to provide a more uniform electromagnetic field in the control zone.

To determine the calibration coefficients for recalculating the display of elevator performance in grain
streams by the on-board computer, to control the intervals of time was the purpose of the first part of probes
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on the described technique. Calibrating operations of the designed equipment, which transport technological
processes features of grain streams in the combine are studied, were carried out as follows. The combine
worked without moving across the field. At the same time, all working bodies, to reproduce the vibration
influences, which always take place during the operation of machines of this type, have been put into action.
The main thing in organizing these measurements is to create an artificial passage through the transport and
grain group of the thresher of the consistent on performance and equal on intensity grain stream, for various
crops collected by the combine.

When carrying out those researches, the performance of transporting the grain, contaminated with plants,
has to be controlled by the elevator or known in advance. This condition has been satisfied directly at the
first weight measurement of grain stream at the exit from the loading screw of the combine bunker (fig. 3,
pos. 4), while for the final threshing elevator - after preliminary calibrating of the gates, which has been
mounted on the loading container in the sensor zone (fig. 3, pos. 6). The application of such decision has
allowed to change grain expenses on time range from zero to the nominal loading time of the elevator with a
performance of 5 kg/s, which is necessary for calibration operations.

The nominal operating mode of the thresher was also artificially set using the additional equipment to
avoid the influence on the reflection of a grain stream variation of the transportation speed when carrying out
calibration operations.

With such working conditions, an unevenness of material intake, that arises from the existence of a real
unevenness of loading extent of the thresher of the combine harvester during its work has also been
excluded. Carrying out the experiments in such conditions has allowed us to receive an exact calibration of
the measuring equipment and to study the factors affecting the nature of reflection of grain stream in a zone
of control of the sensors of kernels yielding and the final threshing in detail.

After carrying out operations of calibrating, the performance of work of grain and ear elevator of the
KZS-9-1 “Slavutych” combine was studied using the sensors of kernels yielding and the final threshing of
grain in the field conditions. Harvesting winter wheat was carried out by direct combining at an average
yield of 4.8 t/ha at moistness of grain — 12...13 %, straw content — 1 : 1 and upright stand of grain. The site
of the size of a field strip, 14 m wide and 1000 m long, and with contaminated zones and the liquefied crops
that corresponds to real operating conditions of the combine has been chosen.

The degree of grain contamination changed at the expense of the directed variation of thresher
technological regulation. To obtain grain mass of the highest possible purity the following adjusting
parameters have been set: an increased threshing drum momentum for the gathered crops; the gap between
the threshing drum and the combine concave is nominal; the speed of the cleaning fan airflow is increased;
gaps between combs of upper sieve and the extender of the upper sieve are nominal; gaps between combs of
the lower sieve are reduced. It should be noted that to prepare the experimental combine harvester for
cleaning, the additional sieves have been installed. As a result, the quality of separation has improved due to
the eliminated influence of unevenness of the extent of the openings of the sieve that arises in the course of
their operating. And in need of an increase in contamination of grain stream, the respective changes in
technological adjustments of the thresher were applied: a momentum of threshing drum is increased, the
nominal gap between the drum and the combine concave is set, gaps size on cleaning sieves is increased, the
intensity of airflow of the cleaning fan is reduced. Change of losses of grain when performing a series of
these experiments was not taken into consideration.

Measures to eliminate grain bunker contamination were carried out by well-known methods by means of
weighing and comparison of control samples. Range of variation of contamination has been determined
according to agro-technical requirements to the degree of purity of bunker grain within range from 1 to 4
percent. Certain difficulties arose when studying the influence of moistness on the reflection of the grain
stream. Therefore, moistness of grain has been limited to agro-technical requirements (not more than 14 %),
and its influence was studied with various collecting’s the same culture and was considered further by the
correction factor. The time of one measurement is set by 3 pages. Results of primary performance
measurements are presented in the form of stream characteristics (fig. 6 and fig. 7).

The results of pilot studies show, that by comparing the stream characteristics of the performance of a
grain elevator (fig. 6) and ear elevator (fig. 7) of the final threshing line of the combine on field tests with the
general methods of quality control of technological adjustments of the thresher free grain has been found at
the initial stage in the line of the final threshing. At the same time the average performance of transporting
the grain in the line of kernels yielding was 3...4 kg/s, and in the line of the final threshing - 0.05...0.15 kg/s.
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Change of technological adjustments of the thresher have reached the smallest possible stream of the line
of the final threshing — 0.04...0.08 kg/s (fig. 9) that has increased the performance of transportation of grain
in the bunker to 3.1...4.2 kg/s (fig. 8).
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Fig. 6 Graph of productivity change at the outlet of the scraper grain elevator before adjustment
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Fig. 8 Graph of productivity change at the outlet of the scraper grain elevator after adjustments

276

Ne 3 « 2020 « BICHW/K MNonTtaBcbkoi Aep>xaBHOI arpapHoi akagemil



TEXHIYHI HAYKU

0,12
01

0,08 A
0,06

\
' \

002

Elevator productivity, kg/s

1 I ;1 I I2‘I I :IH . ‘IH . ;’:1 l I61 ' 'Ir'1 ' é1 ' I91 I 1‘01

Time, s
Fig. 9 Graph of changing the productivity of the final threshing line, at the exit from the scraper elevator
after adjustments

Such correction of the technological process has allowed to reduce the loss rate of grain (according to the
indicator of the serial control system on 7...15% by reducing the intensity of losses) that is especially
effective for the areas which are contaminated with weeds.

The deviation from standard operating of the measuring equipment has been recorded when clogging the
sensors zone of control by the technological remains of crops or the earth as well. This phenomenon was
especially noticeable under the conditions of cleaning. The influence of those negative factors has been
calculated by the additional on-board computer as a significant change in the initial condition of calculations
for the transportation of grain. The revealed defects have been eliminated due to the reduction of local
resistance from the experimental sample of the grain kernels yielding sensor and also the correction of
technological adjustments of the thresher for the purpose of reducing the contamination of grain stream. The
analysis of the phenomenon described above have been considered for further improvement to the kernels
yielding sensor for the KZS-9-1 “Slavutych” combine harvester and creation of the general operational
program of automatic check and control of the loading of grain-harvesting machines.

Conclusions

1. By the results of the pilot studies the following results are obtained: by comparing the stream
performance of grain elevator to the grains elevator of the final threshing line of the combine in cleaning the
winter wheat with the general methods of quality control of the thresher technological adjustments, free grain
has been found at the initial stage of the final threshing line. At the same time, the average performance of
grain transportation to the kernel yielding line was 3...4 kg/s, and for the line of the final threshing —
0.05...0.15 kg/s.

2. By adjusting the thresher, we achieved a speed of the stream in the final threshing line of
0.04...0.08 kg/s for the KZS-9-1 “Slavutych” combine harvester, which has also increased the performance
in transporting the grain into the bunker to 3.1...4.2 kg/s). Such correction of technological process has
allowed us to reduce the loss rate of grain (on the indicator of serial control system BK-01 by a 7 to 15 %
decrease of losses intensity) that is especially effective on the areas, which are contaminated with weeds.

3. The analysis of the performance curves of the grain stream created by the scraper elevators of the
combine in yielding the kernels and the final threshing of grain, given in our probes, demonstrates that the
designed equipment is capable of controlling and reproducing the quantity characteristics of streams, namely
— the grain transportation performance of the scraper elevators of the combine. There is possible
determination of parameters of technological process of grain thrashing for the combine, such as the time of
loading the thresher to the nominal mode of thrashing, features of transition processes; general unevenness of
a grain stream; reduction in the rate of transportation, clogging of the reloading chamber in the control zone;
definition of the beginning of emergency operation.

4. The deviation from standard duties of the measuring equipment operation has been recorded when
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clogging the sensors zone of control by the technological remains of crops or the earth. Such phenomenon
was especially observed under the cleaning conditions. Influence of such negative factor has been calculated
by the additional on-board computer as a significant change in the initial conditions of transporting the grain.
The revealed defects have been eliminated due to the reduction in local resistance from the experimental
sample of the kernels-yielding sensor and corrections of operating parameters of the thresher for the purpose
of lowering the contamination of grain stream. The analysis of the phenomenon described above has been
considered for further improvement of the kernels yielding sensor the for the KZS-9-1 “Slavutych” combine
harvester and developing the general operational program of automatic check and control of loading of grain-
harvesting machines.

5. The equipment of scraper elevators of the KZS-9-1 “Slavutych” combine harvester with the sensors of
kernels yielding, the final threshing of grain and the additional on-board computer, allows us to investigate
operating modes of transportation lines by displaying the quantity characteristics of grain streams. At the
same time, it is possible to study technological features of grain transportation and the impact of those
changes on the operational process of the combine and to improve the quality of the thresher operations by
reducing the losses of grain.

Prospects of further probes. Based on this research, it turns out, that such technological solutions can be
reasonable to be used on such combine harvesters produced in Ukraine as “Slavutych” and “Skif” for further
improving of their operational modes and the design of thresher-separating system.
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