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Introduction. Threshing is a multifactorial process which is
affected, in particular, by the feedrate of the crop, the specific
weight of the threshed grain and return, separation rates, weed-
iness and moisture of the crop. From this point of view, the
issues of optimizing the profile of the transporter cut, which
allows for threshing and separation with the least effort, are
also relevant. It was also experimentally established that the
threshing process is affected by the volume of grain material
delivered per second (second feed) and the unit velocity.
Materials and Methods. The studies were conducted on a test
bench equipped with a threshing-separating device in the form
of a single-cavity hyperboloid. When performing the work, the
width of the drum was divided into three zones, and the length
— into five cells. Wheat grain, obtained through threshing and
separation in each zone and cell, came to individual containers.
Straw was collected separately. Then, the grain and straw were
weighed. The resulting data was processed by statistical and
mathematical methods.

Research Results. The lengths of each cell were calculated
based on the ratio of the total separation and the amount of
grain mass per unit length. The lengths of each cell were calcu-
lated depending on changes in humidity. Indicators of the ratio
between mass humidity and cell length are presented in the
form of a table.

By the given table values for different moisture levels of the
grain mass, graphs were constructed, each of which was de-
scribed by a mathematical model considering the drum length
and width. An averaged cut profile is presented for the treated
plant mass with humidity of 8%, 12%, 16%, 20%, and 24%.

Discussion and Conclusions. Analysis of the data in this paper
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“PaoTa BBITIONHEHA B paMKaX MHUIKATHBHOM HUP.

Bseoenue. O6MonoT mpencraBiusier co00if MHOro(haKTOPHBIH
MPOIIeCC, Ha KOTOPBIH BIHSAIOT, B YaCTHOCTH, CKOPOCTD MOJIAYU
PACTUTEIBHOM MacChl, YIENbHBIH BeC 00MOJIOYEHHOTO 3epHA U
HEIOMOJIOTA, TOKA3aTeln Cemapaliy, 3aCOPEHHOCTb W BIIAXK-
HOCTB PAaCTHTENFHON Macchl. C 3TOW TOYKH 3pEHUS aKTyaIbHBI
M BOIIPOCHI ONTUMH3AIUMH TPOQHIS Cpe3a TPAHCIOPTUPYIOIIIC-
ro ycTpoiicTBa, KOTOpas MO3BOJSET NMPOBOIUTH OOMOJOT W
Cemapalio ¢ HAUMEHBIIUMH yCWIHAMH. OTBITHBIM MyTEM
YCTaHOBJIEHO TAaKKe, YTO Ha MpoIecC 0OMOIOTA BIHAIOT 00bEM
MOJIaBa€MOTO 3€pHOBOTO MaTepHuaja 3a CEeKyHAy (CeKyHAHas
10/J1a4a) U CKOPOCTh IBM)KEHHS arperara.

Mamepuanvt u memoosi. ViccnenoBanus MpOBOIUINCH HA HC-
MBITATEILHOM CTEHIE, OCHAIIEHHOM MOJIOTHJILHO-
CeMapupyoIuM YCTPOHCTBOM B (popMe OIHOIOJIOCTHOTO TH-
nep6ononna. [Ipu BRIMOJTHEHUU TPEICTABICHHONW paOOThI MIH-
puHa GapabaHa ObLTa pa3jeneHa Ha TPU 30HBI, a JJIHHA — Ha
IATh sT9eeK. 3epHO IMIICHUIBI, MOJTyYeHHOE MPHU O0OMOJIOTE U
cemapaiy B KaXXI0W 30HE U siYeiKe, MOCTYMAIo0 B OTACIbHBIC
koHTeitHepsl. ColomMa coOmpanack OTAENBbHO. 3aTeM 3€pHO U
CoJIOMa B3BEIIUBAIKCE. [l0yueHHbBIC B UTOTE JaHHBIE 00pada-
THIBAJIUCh CTATUCTUYECKUMH U MAaTEMAaTHUYECKUMHU METOIaMH.
Pesynomamer  ucciedosanus. PaccdauTaHBl AMHHBI  KaXIOW
AYEHKU UCXOJsl U3 OTHOILEHUS CYMMAapHOH cenapanuy 1 KOJlu-
YecTBa 3€pPHOBOW MAcChl, MPUXOAAMICHCS HAa €AWHUIY JTAHBL
BrranciieHbl JIUHBI KaXXI0M SYEHKHA B 3aBUCHMOCTH OT H3Me-
HEHMs BIIAXXHOCTH. IloKa3aTeln COOTHOIICHHS BJIAKHOCTH
Macchl M JUTHH SYeeK MpeICTaBIeHbl B BHIe TaOmumbl. [lo 3a-
JaHHBIM Ta6HI/IquIM 3HAYCHUSAM JIsL pa3nan1>1x ypOBHeﬁ
BII&YKHOCTH 36PHOBOW MacChl IIOCTPOEHBI TPayKH, KaXKIbIi U3
KOTOPBIX OIMCAaH MaTeMaTH4eCKOW MOJEINbI0, YUUTHIBAIOIIEH
JUTMHY | IUpuHy OapabaHa. [IpencTaBieH ycpeaHEHHBIH Tpo-
¢wte cpesa it 00pabaThiBaeMOi PaCTUTEILHON MacChl BIIAXK-
HoCcThIO 8%, 12%, 16%, 20%, 24%.

Ob6cyaicoenue u 3axnodenus. AHanM3 TaHHBIX 3TOH U Ooiee

paHHHX PaboT MO3BOJMII CPAaBHUTH IpaUyecKoe BHIPAKEHHE
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and earlier ones provides the comparison of the graphic expres-
sion of the dependences of the transporter cut profile on the
second volume and humidity of the grain mass entering it. It
has been established that the cut profile curves are identical
along the entire length of the drum. The confidence factor is
close to 1, which indicates the accuracy of the model. The iden-
tity of the averaged cut profiles is obviously dependent on

moisture of the plant mass and on the second feed.

Keywords: threshing and separating device, grain mass, spike
fraction, plant mass input, transporter, cut profile, return, sepa-
ration, weediness, humidity.
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3aBUCHMOCTEH MpOQMIIs cpe3a TPaHCHOPTUPYIOLIETO YCTPOii-
CTBa OT CEKYHAHOTO 00bEeMa M BJIAXXHOCTH MOCTYIIAIOLIEro Ha
HEro 3epHOBOTO BOPOXA. YCTAaHOBJICHO, YTO KPUBBIE MPOQUILL
cpe3a WISHTHYHBI IO Bcell mmHe Oapabana. Kosgpduiment
JOCTOBEPHOCTH OJM30K K 1, YTO TOBOPUT O TOYHOCTH MOJEINH.
OueBniHA HWISHTHYHOCTh YCPEOHEHHBIX INpodmieil cpe3a B
3aBUCHMOCTH OT BJIQ)KHOCTH DPACTHUTENBHOM MacChl M OT ce-

KyHJHOH [10J1a4u.

KiroueBble €J10Ba: MOJIOTHWIBHO-CENApUPYIOLIEe YCTPOUCTBO,
3epHOBOH BOPOX, KOJIOCOBas (ppakuus, mojada pacTUTEIBHON
Macchl, TPaHCIOPTHUPYIOIIEEe YCTPOHCTBO, NPOQHIbL cpe3a
TPaHCHOPTHPYIOLIETO YCTPOHCTBA, HEIOMOJOT, Cemapanus,
3aCOPEHHOCTD, BIAXHOCTD.
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ycTpoiicTBa MOJIOTHIIBHO-

Introduction. Improving the quality indicators of grain is one of the important factors in the yield enhance-

ment [1, 2]. In the process of grain harvesting, especially threshing, severe damage to grains occurs [3]. In a combine
harvester, the grain is separated from straw impurities. At this stage, the grain gets damaged, its quality deteriorates,
quantitative losses occur [4].

Negative impact of these factors can be reduced if the path of the mass in a uniform layer along the entire
length of the drum during the threshing process will be increased. Previous studies show that the threshed grain passes
in a denser layer in the middle of the drum [5], and separation increases in this zone. Closer to the edges of the drum,
the mass is much less dense, and the volume of separated grain here is 2—3 times less than in the middle [6, 7]. From
this point of view, the most promising is the design of the threshing-separating device of the tangential-axial type,
which evenly distributes the threshed mass along the entire length of the drum.

Losses during threshing and separation depend on the quality indicators of grain and on the technical specifica-
tions of the drum [8, 9]. Optimization of the profile of the transporter cut which provides threshing and separation with
the least effort is also relevant. The profile of the transporter cut is a part of the separator transition grate designed for
uniform and continuous movement of the spike fraction along the width of the tangential axial threshing and separating
unit (TSU) in the form of a rotation hyperboloid.

In the day, the dependence of the cut profile on the cutter speed, its height setting and the angle of the reaper
cutting elements [10] was determined. In addition, it was experimentally established that the threshing process is also
affected by the volume of supplied grain material per second (second feed) [8], as well as the speed of the unit [11].

The work objective is to develop a mathematical model of the threshing process with a uniform supply of the
processed mass along the entire length of the threshing and separating drum.

Materials and Methods. The studies were performed on a test bench equipped with a threshing and separating

unit in the form of a one-sheet hyperboloid (Fig. 1).
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a) b)
Fig. 1. Diagram of the stand equipped with threshing and separating unit: side view (a); top view (b)

The test bench consists of an electric motor (1). From it, rotation is transmitted to the drive drum (4) through a
belt drive. A threshing and separating unit is installed on the drum. Its shape is a rotary one-sheet hyperboloid (7). The
threshing and separating unit (7) consists of rear beaters (6) and a deck (5). The test bench is protected by a cover (8).
An ear fraction enters the feeding section (2). This mass is fed through the conveyor belt (3) to the threshing and sepa-
rating unit (7).

When studying, the width of the drum was divided into three zones, and the length — into five cells. Wheat
grain obtained through threshing and separation in each zone and cell came to individual containers for collection.
Straw was collected separately. Then the grain and straw were weighed.

The data obtained as a result of the study were processed by statistical and mathematical methods [10, 11].

Preliminary investigations [6, 7, 12] afford the following statement: as the threshed grain mass moves through
the TSU, the total grain separation increases from the first zone to the third.

Within the framework of the presented paper, the cut profile was determined experimentally.

The objective of the study is to compare the dependence of the profile on:

- the volume of plant mass feeding per second;

- humidity of the plant mass.

The relationship between the cut profile and the second feed rate was established earlier [13, 14]; therefore, it
is necessary to determine a similar dependence of the profile and the humidity index of the threshed mass. Table 1
shows the absolute values of cell separation depending on humidity [12].

Table 1
Absolute total cell separation values as a function of mass moisture

Grain moisture ZS | ZS , ZS X ZS A ZS S ZS Const
w=8% 10.8893 6.74 4.578 4.401 7.4922 34.1004 0.0341
w=12% 8.2186 5.291 3.603 3.264 5.3326 25.7084 0.02571
w=16% 6.7987 4.569 3.317 3.115 4.8956 22.6958 0.0227
w=20% 6.3305 4.172 3.154 2.916 4.4444 2.017 0.02102
w=24% 6.0782 3.906 3.029 2.786 4.2682 2.065 0.02007

Results and Discussion. To determine the cut profile, the following condition should be fulfilled: maintaining
a constant (const) amount of the processed mass per unit length of the TSU. The const value is determined through the
ratio of the total separation to the length of the drum L = 1200 mm. The determination technique was applied earlier
when constructing cut profiles corresponding to various values of the second feed [14].

To calculate the length of each cell, it is necessary to determine the ratio of the total separation and the amount

of grain mass per unit length:
Z [
l P = =1

2
const

(1)
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where ZS _ is the absolute total separation value in the i-th cell; const is the volume of the processed mass per unit
l

length of the TSU at a given moisture content of the plant mass.
Substituting the values from Table 1 to the formula (1) and calculating the length of each cell depending on the
change in humidity, we obtain the results given in Table 2.

Table 2
The ratio of mass moisture and cell lengths
Grain moisture Gomm | L, mm | fy,mm | fy,mm | (5, mm | ¥/ mm
w=8% 319.331 197.7 134.3 129.1 219.71 1000
w=12% 319.685 205.8 140.1 127 207.43 1000
w=16% 299.558 201.3 146.2 137.3 215.71 1000
w=20% 301.209 198.5 150.1 138.7 211.47 1000
w=24% 302.925 194.7 151 138.8 212.72 1000

The total length of all cells . { is equal to the width of the drum B = 1000 mm.
The length values (; are plotted on the abscissa and correspond to the i-th cells of the drum length (L).

Using the given tabular values for each of the moisture content of the grain mass, approximate functions f (x)
were obtained. Each graph shown in Fig. 2 is described by a mathematical model of the dependence of the drum length
(L) on its width (B).
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Fig. 2. Cut profiles depending on the moisture content of the grain mass: a) 8%; b) 12%; c) 16%; d) 20%; e) 24% 259
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Fig. 2 shows the identity of the graphs. Consequently, it is possible to construct an averaged cut profile for a
full moisture range of the processed grain mass. For this purpose, the length values of each cell are summed up and di-
vided by the total number of humidity indices. By analogy with the previous graphs, an average cut profile is plotted

(Fig. 3).

B, mm
1200 -

=+=w -~ Polynomial (w)

1000 -

800

600

400
y =-13,167x2 + 280,13x - 238,13
200 + RZ=0,9897
B - B - L, mm
0 240 480 720 960 1200

Fig. 3. Average cut profile for the treated plant mass with moisture of 8%, 12%, 16%, 20% and 24%

The data from Fig. 3 are compared to the earlier obtained averaged cut profile due to the second feed (Fig. 4).

B, mm
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=+=q - Polynomial (q)
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800
600 -
400 -

y =-4,5599x* + 217,85x - 177,75

200 - R¥=0,9859

. ) ) L, mm
0 240 480 720 960 1200
Fig. 4. Average cut profile for the treated plant mass depending on the second feed

Discussion and Conclusions

1. Fig. 2 shows that when the moisture content of the treated plant mass is changed, the curves of the cut pro-
file are identical along the total length of the drum.

2. The confidence coefficient of the approximation R? shows the degree of compliance of the trend model with
the initial data. The confidence coefficient is close to 1 which indicates the accuracy of the model.

3. The identity of the average cut profiles depends obviously on the moisture content of the plant mass (Fig. 3)
and on the second feed (Fig. 4).
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