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Abstract. The paper is dedicated to the innovative analytical research in
the field of pneumatic separation concerning the issues of grain heap feed
for harvester-thresher cleaning, composition of tailings and the amount of
grain. The problem of improving the separation of air-sieve cleaning of
modern combines is of great current interest. The cleaning design with the
use of pneumatic and inertia separator of small grain heaps for high-
producing harvester-thresher is developed. The engineering study is
conducted for the installation of the 8-bladed rotor above the chaffer sieve
for experimental cleaning taking into account dimensional limitations and
minimal alteration of the current air-sieve cleaning. The results of the study
show the opportunity of better operation of the design of small grain heap
cleaning with the application of pneumatic and inertia separator. The
developed solutions make it possible to reduce grain losses and increase
the harvester-thresher productivity level, as a result of which it is expected
to achieve the economic effect assessed in the study.

1 Introduction

At present time the urgency of the problems concerning enhancement and productivity
increase of harvester-threshers, search and use of reserves for grain harvesting efficiency
increase, optimization of agricultural equipment parameters, is most notably increasing,
since the production of grain crops in Russia is considered as one of the criteria for the
country food safety state assessing. In the furtherance of the goal of performance
improvement of harvester-threshers the versions of application of various designs for small
grain heap cleaning are discussed in the paper from the perspective of its efficiency
increase. To achieve high cleaning rates of small grain heaps it is suggested to use the
innovative technical solution, more specifically, the pneumatic and inertia separator of
small grain heaps.
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2 Materials and methods

The research methodology consists in the univariate experimental procedure on the mockup
of harvester cleaning including the adjustment of functional design type with the
subsequent analysis of process parameters. Three functional designs of small grain heap
cleaning are tested in the series of experiments.

The test material is the original wheat heap “Bezostaya-1”, grain moisture is 12.8-14%,
the composition of tailings is 30%, including cracked straw 0.03-0.15 m long - 6%,
spikelets unthreshed - 1%, chaff and light waste - 23%. The feed ranged from 2.33 kgf-m to
5.23 kgf-m.

Calculation of economic efficiency achieved as a result of implementation of suggested
technical solution is conducted using methodologies described in the sources [2-3]. Let us
calculate the cost of additional grain production received due to the reduced grain losses
and increased cleaning productivity comparing the basic design with the two projected
ones. To define these indicators and economic effect let us use the following formulas.

The volume of season grain losses for combines B, is defined as:

Prer = Kp X F; X Ugy, (1)

where K, is harvester’s grain loss coefficient;
E, is the area of grain crops of one farm unit, ha (averagely, it is possible to set as 4200
ha in the Rostov region);
Uy, is the average yield of grain crops, ton / ha (in accordance with the data of the
Federal State Statistics Service, it is equal to 3.5 ton / ha in August 2020).
The volume of additional production for the season D, is calculated using the formula:
Dp = szeg'"z - Pzpet" (2)
where P24 is the volume of grain losses in the basic period;
PE" is the volume of grain losses in the projected period.
The cost of additional production S,4,,; can be defined according to a formula:

Sdopl = Dp X Cyaks (3)

where C,, is the average farm-gate price of grain, rubles / ton (in accordance with the
data of the Federal State Statistics Service it is equal to 13756 rubles in 2020).
The cost of additional products obtained by increasing the harvester-thresher
productivity Sy,,, can be determined using a formula:
1+
_ UsPpCrak an XNy X (de2 - de1) + Fsez — Vl/dn1

Sdopz - 100 < (n2+;)+n1 < (n1 _ nz) ) (4)

where Py is the percent of average grain loss, %;
Wyn, and Wy, mean the daily output of harvester-thresher in basic and project cases, ha;
n, and n, mean the number of full work days per season, days;
F;, 1s the seasonal harvesting area, ha.
The indicators Wy, and Wy,,, are calculated as follows:

Wan =7 X Wep X K, (5)

where K, is the shift factor (set to 1.5);
W,y is the output of harvester-thresher per hour of shift time, ha.
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The indicators n, and n, are defined using a formula:

= ez (6)

Wan

The results of the calculation are shown in Table 1.

Table 1. Calculation of the cost of additional grain production obtained by reducing grain losses and
increasing cleaning productivity

Indicators Basic Projected Projected
case case 1 case 2
Volume of season grain losses, ton 220.5 195.51 183.7
Volume of additional production for the ) 24.99 368

season, ton
Cost of additional production obtained by

X . - 343762.44 506220.8
reducing grain losses, rubles
Cost of addltlon?.l producthn .obtamed by ) 175106.5 3033595
increasing cleaning productivity, rubles
Total cost of additional grain production, ) 518868.9 809580.33

rubles

The indicators given are calculated for one farm unit (7 harvester-threshers). To
determine the economic effect, it is necessary to calculate the amount of investments in the
project, as well as annual operating expenses. The investments K, include the cost of
equipping harvester-threshers with the pneumatic and inertia separator which makes it
possible to improve the efficiency of cleaning small grain heaps.

The operating expenses I, are determined as follows:

le = Syse X (kss + Ny), (7)

where S, is the cost of equipping combines with the pneumatic and inertia separator,
rubles;

kgs is the multiplier that takes into account lifetime of the equipment (can be set to
0.25);

N, is the depreciation rate per year (15%).

The calculation of economic efficiency is performed for five years with the application
of the discounting methodology. When specifying the discount rate, the inflation rate is
taken into account (5% in 2020), as well as the uncertainty level of forecasted crop (6%)
and other possible negative factors (3%). The discount rate E is therefore set at a rate of
14%. The discount coefficient K, is defined by the formula:

1
Ka = (+E)? @®)

where ¢ is the number of years before the reduction.
The present value of additional production DS, is defined using a formula:

Dsdop = Sdop x Kg4 (9)
The annual economic effect E; is calculated as follows:
Ey = DSaop — Kpy — I, (10)

The mid-year economic effect E; is determined using the formula:



E3S Web of Conferences 210, 05010 (2020) https://doi.org/10.1051/e3sconf/202021005010
ITSE-2020

By = E2% (n
where n is the number of years of project implementation.
The discounted payback period T, can be defined as:

Td.ok = & (12)

Esg

3 Results

As a result of conducted studies, the cleaning design with the use of pneumatic and inertia
separator of small grain heaps for high-producing harvester-thresher is developed [1, 3-16].
The engineering study is conducted for the installation of the 8-bladed rotor above the
chaffer sieve for experimental cleaning taking into account dimensional limitations and
minimal alteration of the current air-sieve cleaning. The outer diameter of the rotor is 0.184
m, the height of the blades is 0.05 m, the blades are installed radially (Figure 1). The
specifics of the operation consists in the fact that the grain heap accelerated by the bladed
rotor is supplied only to the surface of the chaffer sieve made of separating elements and
effectively blown by the air-blast.

Fig. 1. The installation configuration of the bladed heap separator in the harvester-thresher cleaning
system

The coordinates of the bladed rotor relative to the chaffer sieve and the shaking board
are defined, the location and configuration of the deflector shield installed at the end of the
shaking board, the fan neck, and the location of the deflectors in the fan neck are
determined (Figure 2).
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Fig. 2. The installation configuration of deflectors in the fan neck

The following changes in the design of series-produced air-sieve cleaning are
suggested: it is decided to raise the end of the shaking board by 0.012 m to make a rational
gap between the bladed rotor and the chaffer sieve, which is necessary for blowing and
partially cleaning grain heap from small grain impurities. This is implemented by installing
a gasket 0.006 m thick between the surface of the shaking board and the rear suspension
case of the shaking board. A moving (relative to the rotor) deflector shield is installed at the
end of the shaking board instead of the current finger rake (Figure 3).

Fig. 3. The installation configuration of the moving deflector shield on the shaking board

The series-produced cleaning system of harvester-thresher was modeled in the first
series of tests (Figure 4) in order to compare the technological parameters of the grain heap
cleaning processes, as well as to comply with the airflow indicators applied in the series-
produced cleaning.
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Fig. 4. The design of series-produced air-sieve cleaning

The settings of the cleaning model used in the first functional design correspond to the
similar settings of the harvester-thresher parameters: the angle of chaffer sieve inclination is
59; the angle of chaffer rake inclination is 18° the chaffer fin opening value is 0.014 - 0.016
m; the shoe sieve fin opening value is 0.01 - 0.012 m; the opening value of the front part of
the chaffer fin is 0.025 - 0.026 m; the opening value of the rear part fin of the chaffer rake
is 0.014 - 0.016 m, the fan rotation frequency is 620 rpm. The main performance indicators
of the test bench for series-produced cleaning are shown in Table 2.

Table 2. The main performance indicators of series-produced cleaning

Test 1 2 3 4 5 6 7 8 9o | 10
number

ﬁ)f;n‘ng kgfbm | 239 | 242 | 321 | 362 | 369 | 3.78 | 433 | 475 | 5.09 | 513
Purity of 998 | 99.4 | 99.1 | 992 | 989 | 98.0 | 98.5 | 98.7 | 97.9
refined % 99.87 5' 4. 7. g. 9. 7. 4. 6. 8.
grain

Specific o 0199 | 022|030 | 041 | 048 | 053 | 061 | 068 | 072 | 078
grain loss 0 ’ 1 9 9 6 1 7 6 3 7
in chaff

A functional design of small grain heap cleaning with pneumatic and inertia separator
with a diameter of 0.184 m was used in the second series of tests (Figure 5). The separator
is installed at the end of the shaking board by a moving deflector shield; the chaffer sieve is
series-produced, the shoe sieve is series-produced. Installation of two deflectors in the fan
air duct makes it possible to produce a high-speed air flow in the blown gap between the
bladed rotor and the chaffer sieve surface.

i
R

Fig. 5. Air-sieve cleaning design with bladed rotor and series-produced chaffer sieve
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The cleaning model settings used in the second functional design correspond to the
similar settings of the harvester-thresher parameters. The rotational frequency of the bladed
rotor is 260 rpm. The main indicators of the grain heap cleaning process, obtained as a
result of the tests, are provided in Table 3.

Table 3. The main performance indicators of cleaning with the bladed rotor and series-produced
chaffer sieve

Test number 1 2 3 4 5 6 7 8 9 10
. kef- 233 | 243 | 3.17 | 355 | 3.87 | 3.90 | 4.10 | 4.67 | 5.11 | 5.23

Cleaning load m
Purity of refined Y 99.6 | 99.4 | 993 | 99.1 | 99.0 | 98.8 [ 989 | 98.7 | 98.6 | 98.4
grain ° 6 5 5 5 5 3 1 9 6 6

. . o 0.17 | 026 | 0.31 | 038 | 042 | 046 | 049 | 0.56 | 0.62 | 0.65
Specific grain loss Yo 5 6 3 6 5 1 4 2 4 9
in chaff

A functional design of small grain heap cleaning with pneumatic and inertia separator
with a diameter of 0.184 m was used in the third series of tests (Figure 6). The separator is
installed at the end of the shaking board by a moving (relative to the rotor) deflector shield.
The chaffer sieve is made of two sections, when the front part is made of wire components
and has an increased relative “effective screening area” against the fin surface of the series-
produced sieve; the shoe sieve is series-produced. Two deflectors are installed in the fan air
duct that makes it possible to produce a high-speed air flow in the blown gap between the
bladed rotor and the chaffer sieve surface.

Fig. 6. Air-sieve cleaning design with bladed rotor and two-section chaffer sieve

The cleaning model settings used in the third functional design correspond to the similar
settings of the harvester-thresher parameters. The rotation angle of wire components of the
improved front part of chaffer sieve is 0°. The rotational frequency of the bladed rotor is
260 rpm. The main indicators of the grain heap cleaning process, obtained as a result of the
tests, are presented in Table 4.

Table 4. The main performance indicators of cleaning with the bladed rotor and two-section chaffer
sieve

Test number 1 2 3 4 5 6 7 8 9 10

Cleaning load kef-m | 243 | 245 | 325 | 327 | 3.61 [ 3.89 | 431 | 483 | 520 [ 5.18

Purity of refined % 99.4 1 992 1993 [ 992 [ 99.1 | 99.0 [ 98.9 | 98.9 | 98.8 | 98.7
grain ° 3 6 2 5 9 8 4 1 6 9
Soecific grain | Y 0.07 | 0.16 | 021 | 029 [ 035 | 037 [ 0.38 | 046 | 0.53 | 0.56
: peciiic grain oSS o 8 3 8 6 4 6 1 2 1 5
in chaff
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The calculated indicators of economic efficiency of considered technical solutions are
provided in Table 5 for projected case 1 and in Table 6 for projected case 2.

Table 5. Calculation of annual economic effect and discounted payback period for projected case 1

Indicators Years

1 year 2 year 3 year 4 year 5 year
Investments, rubles 300000 - - - -
Operating expenses, 120000 120000 120000 120000 120000
rubles
Cost of additional grain 518868.9 518868.9 518868.9 518868.9 518868.9
production, rubles
Discount coefficient 0.8772 0.7695 0.675 0.5921 0.5194
Discounted cost of
additional grain 455148.15 399252.77 350221.73 307212.04 269484.25
production, rubles
ﬁ]‘é‘ll::l economic effect, 35148.15 279252.77 230221.73 187212.04 149484.25
Mid-year economic
effect, rubles 176263.79
Discounted payback 1.7
period, years i

Based on the calculation results given in Table 5 one may conclude that application of
pneumatic and inertia separator for the air-sieve cleaning suggested in the study can be
considered cost effective, since, according to the estimations, the mid-year economic effect
from the project implementation for one farm unit will be equal to 176263.79 rubles and
discounted payback period amounts to 1 year 9 months.

Table 6. Calculation of annual economic effect and discounted payback period for projected case 2

. Years
Indicators

1 year 2 year 3 year 4 year 5 year

Investments,

rubles 350000 - - - -

Operating
expenses, rubles

Cost of
additional grain
production,
rubles

Discount
coefficient
Discounted cost
of additional
grain production,
rubles

Annual economic
effect, rubles
Mid-year
economic effect, 345870.96
rubles
Discounted
payback period, 1
years

140000 140000 140000 140000 140000

809580.33 809580.33 809580.33 809580.33 809580.33

0.8772 0.7695 0.6750 0.5921 0.5194

710158.18 622945.77 546443.66 479336.55 420470.65

220158.18 482945.77 406443.66 339336.55 280470.65
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According to the obtained values of indicators, it can be concluded that the projected
case 2, which involves equipping the harvester-threshers with the pneumatic and inertia
separator, as well as improvement of the chaffer sieve design, is more cost-effective in
comparison with both the basic case and the projected case 1. The mid-year economic
effect obtained due to the project implementation is 345870.96 rubles, which is 169607.17
rubles more than in the projected case 1. The discounted payback period amounts to 1 year
in this case.

4 Conclusions

On the basis of obtained results of the tests conducted, the conclusions are as follows.

1. The quality functioning of the design of small grain heap cleaning with the pneumatic
and inertia separator and series-produced chaffer sieve (Figure 5) is possible. A reduced
level of grain loss in the harvester-stacker is observed in comparison with the reference.

2. It is advisable to use a combination of separating surfaces as the chaffer sieve for the
design of small grain heap cleaning with the pneumatic and inertia separator, where the
separating surface located under the bladed rotor should have an increased “effective
screening area” for unimpeded separation of grain from accelerated and enriched airflow of
the grain heap. The unscreened part of the grain along with long and coarse impurities,
moving further along the chaffer sieve, get on its second section made of series-produced
fin, where its further separation takes place.

3. Generally, the suggested solutions for improving the system of small grain heap cleaning
will provide the reduction of grain losses with increase in harvester-thresher’s productivity,
as a result of which it is expected to achieve the economic effect calculated in the paper.

References

1. E. Muratova, D. Muratov, E. Makarenko, S. Shepelev, O. Korobeynikova, V. Chegge,
Y. Kabanova, Methodology of grain heap quantity and structure determination and
economic evaluation of harvester-thresher cleaning enhancement. E3SWeb of
Conferences International Scientific and Practical Conference on State and Prospects
for the Development of  Agribusiness, INTERAGROMASH 2020
https://doi.org/10.1051/e3sconf/202017501009

2. Russian Federation standard GOST 34393-2018
3. B. C. Meshi, D. M. Zozulya, A. E. Safronov, Economic evaluation of the efficiency of

technosphere safety improvement projects (Don State Technical University, Rostov-
on-Don, 2013)

4. N.S. Plaskova, N. A. Prodanova, A. S. Samusenko, E. A. Erzinkyan, K. A. Barmuta,
R. A. Shichiyakh, Investment decisions formation: Innovative assets, International
Journal of Engineering and Advanced Technology (2019)

5. V. V. Mazur, K. A. Barmuta, S. S. Demin, E. A. Tikhomirov, M. A. Bykovskiy,
Innovation clusters: Advantages and disadvantages, International Journal of Economics
and Financial Issues (2016)

6. I I Doronina, V. N. Borobov, E. A. Ivanova, E. V. Gorynya, B. M. Zhukov, Agro-
industrial clusters as a factor of increasing competitiveness of the region, International
Journal of Economics and Financial Issues (2016)



E3S Web of Conferences 210, 05010 (2020) https://doi.org/10.1051/e3sconf/202021005010
ITSE-2020

7. A. E. Chernaya, M. N. Kabanenko, S. N. Ugrimova, Improvement of agro-industrial
complex management at the federal level, IOP Conference Series: Earth and
Environmental Science (2019)

8. A. V. Gridchina, L. L. Orekhova, S. V. Lyubimtseva, N. V. Yakovenko, I. V. Komov,
Agrarian policy of the region in terms of economic development innovation,
International Journal of Economics and Financial Issues (2016)

9. S. Sidorenko, E. Trubilin, E. Kolesnikova, H. Hasegawa, Mechanization in Asia,
Africa and Latin America, 48(2), 31-35 (2017)

10. A. K. Subaeva, N. V. Malinina, Current condition of Russian agricultural engineering
market, Life Science Journal, 11(9), 360-362 (2014)

11. V. P. Dimitrov, L. V. Borisova, I. N. Nurutdinova, V. I. Pakhomov, V. P. Maksimov,
The problem of choice of optimal technological decisions on harvester control,
MATEC Web of Conferences (2018)

12. F. A. Kipriyanov, P. A. Savinykh, Assessment of technical provision in agricultural
sector of Russia, Eurasian journal of biosciences. Foundation for Enviromental
Protection and Research (2019)

13. D. K. Muratov, The 6th International science and technology conference “Innovative
technologies and technical means for field cultivation in the south of Russia”
(Zernograd, 2011)

14. Y. Tsarev, E. Adamcikova, M. Najie, Automatization of settings of working organs of
technological process of combine harvester, MATEC Web of Conferences (2018)

15. A. Izmailov, M. Moskovskiy, D. Podlesniy, Development of a set of working units
from polymeric materials for the design of combine harvesters, MATEC Web of
Conferences (2018)

16. D. K. Muratov, Y. 1. Ermoliev, Bulletin of Don State Technical University 8(59),
1372-1376 (2011)

17. 1. Khozyaev, V. Ladyanov, L. Enalyeva, M. Balinskaya, V. Zharov, Assessment of
grain losses during harvesting of grain crops on the basis of technical and economic
indicators, E3S Web of Conferences (2019)

18. A. Solonenko, L. Medvedeva, Y. Mostovaya, Study of agricultural export prospects,
E3SWeb of Conferences International Scientific and Practical Conference on State and
Prospects  for the Development of Agribusiness, INTERAGROMASH 2020
https://doi.org/10.1051/e3sconf/202017513010

19. A. Altybayev, A. Zhanbyrbayev, B. Meskhi, D. Rudoy, A. Olshevskaya, A. Prohorova,
E3S Web of Conferences, 135, 01078 (2019)
https://doi.org/10.1051/e3sconf/201913501078

20. B. Meskhi, B. Golev, V. Efros, D. Rudoy, A. Olshevskaya, V. Zhurba, Y. Chayka, E3S
Web of Conferences, 135, 01083 (2019) https://doi.org/10.1051/e3sconf/201913501083

21. E .Zubrilina, I. Markvo, V. Novikov, A. Beskopylny, L. Vysochkina, D. Rudoy, A.
Butovchenko, IOP Conf. Series: Earth and Environmental Science, 403, 012063
(2019) doi:10.1088/1755-1315/403/1/012063

10



