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In the vast majority of modern combine harvesters, scraper elevators with centrifugal unloading are
used for grain transportation. The main disadvantages of such elevators include: direct and reverse grain
pouring; crushing and compression damage to the grain by the working bodies of the scraper elevator; lack
of consideration of the physical and biological characteristics of the grain of various crops harvested by
combines. Such elevators have one nominal speed of movement of the chain with scrapers, do not consider the
degree of loading of the grain-transport line of the threshing machine. For example, when threshing grass
seeds with a KZS-9-1 "Slavutych™ combine, the productivity of the scraper elevator is on average 0.1...0.3 kg/s,
and it is designed for 5...5.5 kg/s., we have increased energy costs for transportation.

Another problem is aimed at reducing the degree of crushing and compression damage to the grain
by the working bodies of the scraper elevator of the combine harvester. And the disadvantage of the mechanical
drive of the elevator is also the constant ingress of part of the grain into the gap between the hinges of the
chain with scrapers and the drive sprocket.

According to the results of experimental studies, it is possible to determine that on modern combine
harvesters it is advisable to introduce an electric drive with computer control of the speed of grain
transportation both by the scraper elevator and by the grain transport group as a whole. For the
KZS- 9- 1 "Slavutych” combine harvester, the speed of grain transportation can be changed in the range of
260...360 min™ with an increase in the centrifugal unloading sector to 160°. At the same time, the use of an
electric drive also solves the technical problem of replacing the axial side feed of grain from the lower grain
auger of the combine thresher with a radial top feed. This solution will reduce grain destruction.

Key words: elevator, grain flow, grain crushing, unloading sector, circular circulation.

Eq. 4. Fig. 4. Table.1. Ref. 10.

1. Problem formulation

In the vast majority of modern combine harvesters, both domestic and foreign, scraper elevators with
a centrifugal type of unloading and flat rectangular scrapers are used to transport grain and small piles in the
threshing line [2, 8]. The main disadvantages of such elevators include: direct and reverse grain pouring;
crushing and compression damage of grain by the working bodies of the scraper elevator; lack of consideration
of the physical and biological characteristics of grain of various crops harvested by combine harvesters when
designing the structural, technical and technological parameters of scraper elevators. As a rule, such elevators
have one nominal speed of movement of the chain with scrapers, do not take into account the degree of loading
of the grain transport line of the threshing and separation device of the combine harvester. At the same time,
the main structural parameters of the scraper elevator are nominal for the operation of the combine harvester
on threshing high-yielding grain crops. In another case, when the ratio of the mass of threshed grain to the leaf-
stem mass prevails in the direction of straw, respectively, the real degree of loading of scraper elevators is
significantly less than the nominal indicators. For example, when harvesting high-yielding, weed-free winter
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wheat by the KZS-9-1 "Slavutych™ combine harvester, the scraper grain elevator transports up to 5 kg/s. And
when threshing grass seeds (for example, alfalfa) by such a combine, the productivity of the scraper elevator
is on average 0.1...0.3 kg/s. And the technical and technological parameters of the elevator remain unchanged.
As a result, we have increased energy costs for transporting grain by the grain transport group of the threshing
and separating device of the combine.

Another problem that we propose for discussion in this publication is the problem of reducing the
degree of crushing and compression damage to grain by the working bodies of the scraper elevator of a combine
harvester. In our opinion, the use of a mechanical drive of a chain with elevator scrapers has led in practice to
the manufacture of a design of a grain transport line of a threshing machine with axial grain feed in the
transition: lower grain auger - scraper grain elevator. And the disadvantage of such a technical solution is the
constant ingress of part of the grain into the gap between the hinges of the chain with scrapers and the drive
sprocket. In this zone, the grain is constantly destroyed, as a result - increased crushing and compression
damage to the grain. For this reason, pneumatic transport systems are used in selective combine harvesters
instead of scraper grain elevators.

In addition, our research can be integrated into the overall strategy for the harmonious development of
agriculture in Ukraine, aimed at increasing the environmental friendliness of agricultural products [7, 9]

2. Analysis of recent research and publications

Thorough theoretical and experimental studies on the regularities of technological processes, including
grain transportation by scraper elevators, have been carried out by such prominent scientists as Pogoriliy L.
V., Sakun V. A,, Listopad G. E., Bosoy E. S., etc. [1, 3]. But nowadays, with the introduction of precision
farming systems into production, namely the elements of such systems — working bodies that have the ability
to change technological modes and settings directly during the execution of mechanized operational
technologies, research on improving the quality of grain transportation by scraper elevators of combine
harvesters does not lose its significance and acquires a harmonious continuation.

In our opinion, the stable operation of the grain transportation systems of the combine harvester as a
whole, and accordingly, the stable operation of the grain scraper elevator, calculated under the condition of the
maximum permissible load taking into account the variety of seeds of agricultural crops harvested by combine
harvesters, is one of the main reasons for the identified shortcomings in the operation of such machines.

3. The purpose of the article

The purpose of this study there is a justification for the feasibility of using automatic variable operating
modes of the grain scraper elevator on modern high-performance combines, depending on the harvesting
conditions.

Research objectives:

— to conduct research on the experimental setup we developed to identify the dependencies between
the speed of grain transportation by a scraper elevator and the degree of grinding of such grain;

— provide practical recommendations on grain transportation modes using a scraper elevator of a
combine harvester when threshing grain of various crops.

4. Results and discussion

Experimental studies aimed at identifying the patterns of grain flow during grain transportation by a
scraper elevator of a combine harvester were carried out on the installation developed by us in Fig. 1 [2, 4, 5].
The main emphasis is on the degree of grain damage by mechanical destruction depending on the speed of
transportation. Regarding the processing of the obtained values, methods and techniques of statistical
processing of experimental data, comparison methods were used.

The scheme of the experimental setup we developed is shown in Fig. 1. The object of the study was a
scraper elevator 1 of a combine harvester with flat rectangular scrapers. The geometric and technological
parameters of such an elevator are identical to the scraper elevators used for transporting grain on the combine
harvesters "Slavutych™ and "Skif". Such an elevator is installed on a frame with the possibility of changing the
angle of inclination. In our case, the angle of inclination was 750, which simulates the grain elevator of the
combine harvester "Slavutych".

The main concept of creating such an experimental installation was that a fixed mass of grain moves
cyclically in a closed circle. Equipped with a slide, pre-calibrated productivity regulator 6, the hopper performs
the function of a “grain accumulator”. The drive of the scraper elevator is electric with the ability to change
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the speed of grain transportation in a wide range by using a DC electric motor 3. The idle part of the scraper
elevator is equipped with an additional special rectangular hole comparable to the overall dimensions of the
elevator casing. Such a hole is made in order to determine the mass of the return grain flow. The hole is closed
by the lower flap 13.

Fig. 1. Scheme of the experimental setup:
1 —grain scraper elevator; 2 —main frame; 3 — DC electric motor; 4 — transformer with diode block;
5 — electrical power cabinet; 6 — gate valve; 7 — storage hopper; 8 — reloading chamber; 9 — tension
mechanism; 10 — hopper loading zone; 11 — storage capacity for measuring grain circular circulation;
12 — V-belt transmission; 13 — lower gate valve; 14 — upper regulating gate valve; 15 — computer unit for
measuring grain transportation performance.

Grain feeding with a given capacity can be carried out in the lower part of the scraper elevator in both
radial and axial directions.

The centrifugal unloading zone is located in the upper part of the grain scraper elevator (zone A), a
more detailed technological scheme of such a zone is shown in Fig. 2r

4 5

the height of the unlpading Zone

Fig. 2. Diagram of the upper part of the scraper elevator of the combine harvester type **KZS-9-1"" **Slavutych™:
1 —direction of rotation of the scrapers; 2 — elevator scraper bracket; 3 — scraper; 4, 5 — simulated
directions of movement of grain layers during centrifugal unloading; 6 — cover; 7 — shaft with drive sprocket
of the elevator chain; a — unloading sector angle; § — grain reverse shedding angle.
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Regarding the theoretical aspects of grain movement along the elevator scraper during centrifugal
unloading, such movement can be described by a differential equation taking into account the initial conditions
(Fig. 3a).

The following forces act on the grain:. G=mg — grain weight; N — normal surface reaction;
F =kN — friction force of the grain on the scraper surface; P, = mr? — centrifugal force of inertia;
F.;, =kmv —the force of air resistance that arises when a material point moves relative to the scraper and acts

in the direction opposite to such movement; F__=2mv — Coriolis force.

The positive direction of motion is the movement of the grain up the scraper under the action of force.
The differential equation of motion in vector form has the form [6,8]:

m(dZthz): I:)in +G + I:cor + I:scr + Fscrl + I:alir ! (l)
or:
m(d®xdt? ) = m*x —km dxdt -2 fm dxdt —[ mg cos(~t)+ fmg sin(~t)]. @)
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Fig. 3. Calculation schemes for substantiating the completeness of centrifugal unloading of grain in a
scraper elevator: a — force scheme, b — direction of motion scheme.

The general solution of the differential equation can be written as:
Xy =Cie" +Ce® + 4,cos(&—1)+ Bysin(&—1). 3)
To invent calculation coefficients C; and C, we use the initial conditions:
C - ((k+2fa))/2+(\/(k+2fa))2 +40° 12))(-B,sin&— A CoSE+T) N
—J(k+2f ) +40°
N +Awsiné +Bwcosé
~Jk+2fw) +40?
((k+2fa))/2—(\/(k+2fa))2 +4w* 12))(-B,sinE— A cosE+r) B
—Jk+2fw)? +40”
_—Awsiné +Bwcosé
—Jk+2fw) +40?

C,=

o1 (1
where =y +y, g_cos_f thatis ~ 21¢i8 R

For the elevator of the KZS-9 “Slavutych” grain combine, the solution to the compound differential
equation will be written as:
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X gop =(0,01008...0,01149) £*"**-#%) 1 (0,0123...0,01336) ¢ 140N
—(0,001...0,0016)cos ((2,588...2,416) - 37,07t ) + (4)

+(0,0034...0,00318)sin((2,588...2,416)-37,07t).

To fulfill the condition of unloading grain (Fig. 3(b)), which at the moment of time when the scraper
reaches the sector of throwing the BOS, is at its base - point O (the worst condition for the start of unloading),
it is necessary that the time of passage of the scraper through the BOS sector is not less than the time of grain
movement from point O to point B.

The distance OV for the scrapers of the KZS-9 combine is 100 mm [according to the working drawing].
The average time of grain movement along the scraper from point O to point B is 0,08 s, the minimum
movement time is 0.06 s, the maximum is 0,130 s.

The time taken by the scraper to pass through the throwing sector (unloading sector) is determined by
the angular speed of rotation of the upper sprocket of the elevator. (0=37,07s?) and taking into account the
design features of the casing: the unloading sector in KZS-9 has 115° , The time taken by the scraper to pass
through the unloading sector is: 0,050s.

Thus, in the calculated range of values Xs.r FOr KZS-9, using equation 4, it is possible to determine
the permissible range of changes in the speed of grain transportation by the elevator, provided that complete
centrifugal unloading is maintained (Fig. 4).
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Fig. 4. Diagram of grain movement along the elevator scraper during centrifugal unloading
according to equation (4) when the transportation speed changes
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This range became the basis for the development of methodological aspects of experimental research,
namely: a previously known mass of grain was poured into the bunker of the experimental installation. As
previously written, in the first case, it was winter wheat grain, in the second, corn, and in the third, alfalfa.
Then the installation was switched on to the nominal mode of transportation of the relative scraper elevator
and using computer equipment and a speed sensor, the number of cycles of grain passing through the
installation in a circle was measured. After that, the elevator was stopped, the grain was unloaded, and divided
into two fractions: visually whole and crushed. The fractions were weighed separately. The transportation
speed was measured using a drive shaft speed sensor and computer equipment.

The experiment was repeated at least ten times, then the transportation speed was changed. The
obtained numerical values of the experiment are given in Table 1.

Table 1

Average percentage of destroyed grain relative to the total transported mass per one cycle of

transportation by a scraper elevator of a combine harvester of the Slavutych type, %

Grain Average percentage of destroyed grain relative to the total transported mass per one
transportation transportation cycle by a scraper elevator of a combine harvester of the Slavutych type, %

speed, min? Winter wheat Corn Winter vetch Stokolos (fire)

260 0,38 0,39 0,38 0,40

280 0,4 0,43 0,42 0,43

300 0,47 0,47 0,55 0,57

320 0,48 0,52 0,6 0,62

340 0,55 0,6 0,83 0,78

360 0,7 0,65 0,9 0,86

According to the results of experimental studies, it is possible to determine that the speed of grain
transportation by a scraper elevator of a combine harvester with a centrifugal type of unloading has a significant
impact on the quality of transportation, which is measured in relative units in terms of one transportation cycle.
That is, we have confirmed that by changing the speed of grain transportation in a scraper elevator, it is possible
to reduce the degree of grain damage caused by grinding. But how to do this in practice? We know that the
bulk of threshing and separating devices is equipped with grain transport systems with mechanical drives - as
a rule, these are chain or belt drives. At the same time, the transportation speed is constant, designed for
harvesting high-yielding crops. Changing sprockets or installing additional mechanical gearboxes is
economically impractical, in addition, this path leads to the complication of the drive mechanisms of the
combine harvester and its increase in price. And this is technically and economically impractical. Therefore,
the problem remained unresolved for some time.

But the experience of using agricultural machinery with variable seed and fertilizer consumption rates
has proven that a practically justified alternative to a mechanical drive in this case is an electric drive with
computer control.

Accordingly, where to get electrical energy? And here is the advantage in the paradigm of building
modern agricultural machinery of the NEXAT system tractor [10].

5. Conclusion

When using scraper elevators based on bushing-roller chains in grain transport systems of modern
combine harvesters, the main disadvantages in their operation can be considered to be the presence of reverse
grain flow, mechanical crushing and compression damage to the grain; increased energy costs for transporting
grain, especially low-yielding crops - seed grasses.

According to the obtained results of experimental studies, it is possible to determine that the speed of grain
transportation by the scraper elevator of a combine harvester with a centrifugal type of unloading has a significant
impact on the quality of transportation, which is measured in relative units per one transportation cycle.

On modern combine harvesters, it is advisable to introduce an electric drive with computer control of
the speed of grain transportation both by the scraper elevator and by the grain-transport group as a whole. If
we consider the scraper grain elevator of the KZS-9-1 "Slavutych” combine harvester as an example, then the
speed of grain transportation without violating the conditions of complete centrifugal unloading can be
changed by changing the speed of the drive sprocket in the range of 260...360 min™ when increased to 160°
increasing the centrifugal unloading sector.
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The use of an electric drive also makes it possible to solve the technical problem of replacing the axial
side feed of grain from the lower grain auger of the combine thresher with a radial top feed. This solution will
reduce grain destruction in the area of the lower drive sprocket and scraper chain of the grain elevator.
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JOCJIIKEHHSI OCOBJIMBOCTEM TPAHCIIOPTYBAHHS 3EPHA PIBHOMAHITHUX
CIJIBCBKOTOCIIOAAPCBKUX KYJbBTYP CKPEBKOBUMU EJIEBATOPAMU
3EPHO3BUPAJIbHUX KOMBAWHIB

YV nepesasicuini Oinbuwiocmi Cy4yacHux 3epHO30UpANbHUX KOMOAQUHI6 01 MPAHCNOPMYBAHHS 3epHA
BUKOPUCTNOBYIOMbCSL CKPEOKOBI enesamopu 3 Gi0YeHMposUM MUNOM PO36AHMANCEHHS. [0 OCHOBHUX He)ONIKI8
MaKux eneeamopis MONCIUBO GIOHeCmU: NPAMULL MA 360POMHULL CUN 3ePHA;, NOOPIOHEeHHSA ma KoMmnpecitine
NOUIKOOJICEHHS 3ePHA POOOUUMU OP2AHAMU CKPeOKOBO2O eNlesamopa, i0CYMHICMb 8PAXY8AHHS (I3UYHUX MA
Oiono2iuHUX 0COOIUBOCMEN 3EPHA PIZHUX CITbCLKO20CNOOAPCHKUX KYIbMYP, WO 30upaomecsi komoatinamu. Taxi
eneeamopy. Maioms O00HY HOMIHAIbHY WEUOKICMb pYXYy JaHYyloed 3i CKpeOKamu, He 8paxo8yioms CHIYNIHb
BABAHMAICEHHS.  3ePHO-MPAHCNOPMHOL  MiHil moaomapku. Tak, Hanpuxiad, npu 00MOIOMI KOMOAUHOM
K3C-9-1 «Cnagymuuy nacinnuxie mpas, npoOYKMUBHICIL CKPeOKOBO20 eleeamopa 8 CepeoHbOMy —
0,1...0,3ke/c, a e6in pospaxosanuii Ha 5..5,5 ke/c., Maemo niosuweHi eHepeemuyHi 3ampamu  Hd
MPAHCHOPIYBAHHSL.

Illle oona npobrema cnpsimMo8aHa HA 3MEHWIEHHS CMYNeHI0 HNOOPIOHEHHS MdAd KOMNUPECIUHO20
NOWKOOJNCEHHS. 3ePHA POOOUUMU OP2aAHAMU CKPeDOKO8020 enesamopa 3epHo30upanvhozco komoatina. A
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HeOONIKOM MeXauiuHo20 NPUBody enesamopy maKoxc € NOCHiliHe NOMPANIAHHA YACTNUHU 3ePHA 8 NPOMINCOK
MIDdIC wapHipamu 1anyiloea 3i ckpeokamu ma npusioHoi 3ipouxu.

3a ompumanumu pe3yrbmamamy exCnepUMeHMAIbHUX O0CHIONCeHb MOJNCIUBO BUBHAYUMU — HA
CYUACHUX 3EPHO3OUPATLHUX KOMOQUHAX OOYITbHO GNPOBAONCYBAMU eNeKMPUUHULL NPUBIO 3 KOMN TOMEPHUM
DecYIIO8AHHAM — WBUOKOCI — MPAHCNOPMYBAHHA  3ePHA  AK  CKPeOKOBUM  elegamopom, maxk i
3ePHOMPAHCHOPMHOI 2PYROIO 6 yinomy. s seprozoupanvioco kombatina K3C-9-1 «Cragymuuy wieuokicme
MPAHCROPMYBAHHSL 3ePHA Modice pezynosamucs 6 oianazoni 260...360 x6™' 3a ymosu 30i1buleHHA eIUNUHU
CceKmopy 8i0yeHmpo8o2o pozsanmasicenns 00 160°, wo 3abe3neyye OinbUL NIAGHUI PYX 3¢PHO8020 HOMOKY MAa
3MEHWLYE 1i020 ROUKO0OHCEHHA.LIpU YboMY 3ACMOCY8AHHSA eIeKMPUYHO20 NPUBOOA MAKONC BUPIULYE MEXHIUHY
3a0auy 3amiHu 0Cb0BOI OOK0BOI NOOAUI 3epHA 3 HUNCHLO2O 3EPHOBO20 WIHEKA MOIOMAPKU KOMOAUHA Ha
paodianvHy eepxuio nodayy. Taxe piulents 3MeHUUMb PYUHYBAHHA 3€PHA.

Krouoei cnosa: enesamop, 3epHogull HOMIK, NOOPIOHEHHs 3epHA, CEKMOp PO36AHMANCEHH, KOJ08A
YUPKYIAYIA.
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