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Abstract. The aim of the research was to check the possibility of using
and the justification of design and operating parameters of the proposed
chain-and-slat conveyor of the feeder house for harvesting grain crops on
the example of wheat. The research methodology included the
determination of grain losses and crushing behind the combine thresher
when varying the slat pitch of the chain-and-slat transporter (153.6; 307.2
and 460.8 mm), the speed of moving these slats (2.0...5.0 m/s) and the
speed of the combine (1.2...2.4 m/s). The researches made on chain-andslat conveyor of the combine harvester's feeder house have shown that it
can be used in the harvester's design. The rational values of design and
mode parameters of chain-and-slat conveyor of the combine harvester's
feeder house have been justified by laboratory and field studies. At a pitch
of stamped slats of the chain-and-slat conveyor of 307.2 mm, a speed of
chain-and-slat conveyor slats of 2.8...3.6 m/s and a working speed of the
combine of 2.2 m/s, grain losses behind the threshing machine and grain
crushing amount to less than one percent that meets the agricultural
requirements.

1 Introduction
Grain harvesting is the most stressful and responsible stage in the cultivation of grain
and leguminous crops. Industry produces a large and diverse number of combine harvester
designs with different headers [1].
In many respects the load of combine harvester mechanisms and its engine is
determined by parameters of the header and the speed of the combine harvester [2]. At the
same time the operation of all elements of combine harvester affects the quality of its work,
including grain crushing and losses. The grain crushing value is also influenced by the
variety and type of crop [3]. Therefore, there is a need to improve the performance of the
combine harvester and its cutterbar, including the improvement of the header elements
design and the modes of their operation [4].
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Because of the unevenness of the field and the unevenness of the combine harvester's
movement, and due to the design of the header components, there are forced and natural
vibrations in the header, which affect its operation [5].
Various mechanisms and control systems are used to organize the normal operation of
the header. In order to maintain a constant cutting height of the plants, mechanisms to copy
the soil surface of the field are used [6]. To take into account the height of plants, the
intensity of their arrival in the header, intelligent control systems of their harvesting are
developed [7, 8].
Adjusting the working speed of the combine harvester and the reel speed can help
reduce crop and/or grain loss [9]. The reel radius and the ratio of the speed of the reel to the
speed of the combine harvester are also important [10]. The energy consumption of headers
and the quality of the crop stalk cutting are influenced by the design of the cutterbar and the
speed ratio of the header to the combine [11]. Additional active cutting elements can be
used on the side of the header to separate the cut plants from the main mass [12, 13]. This
can affect energy and raw material losses. The results of operational tests have shown that
the application of wear-resistant electrospark coating on the working bodies can improve
their wear resistance and reliability of the machines, and increase their service life [14].
In order to increase the productivity of the header, its working width is increased [15].
This affects, among other things, the operation of transporting working bodies of the header
and the value of losses of the harvested crop.
An important component of a combine harvester, providing for the pulling of stalks
from the auger finger mechanism and their uniform feeding into the threshing unit of the
combine harvester, is the feeder house conveyor [16]. The most widespread are chain-andslat conveyors. It has been found that the technological process of the combine harvester as
a whole (and the chain-and-slat conveyor in particular) does not always run stably, which
causes uneven feeding of the stalk mass into the thresher of the combine harvester.
This, in turn, leads to clogging of the working elements of threshing machine, increases
power consumption, reduces productivity and deteriorates the quality indicators of the
entire combine harvester, increases energy intensity of threshing process [16].
The purpose of the research was to check the possibility of using and justification of
design and operating parameters of the proposed chain-and-slat conveyor of the feeder
house in harvesting cereal crops with wheat as an example.

2 Methods and Materials
In single-phase grain harvesting, the initial condition of the stalks entering the header's
feeder house has a minimum thickness in the middle of the flow and a maximum at the
edges. For a more uniform feeding of the stem mass into the threshing unit, thereby
minimizing the losses and crushing of grain, it is proposed to use the chain-and-slat
conveyor of the feeder house, consisting of four parallel sleeve-roller chains 1 (Figure 1)
with a pitch of 38.4 mm, to which the fastening plates 3 are connected via rivets. The
stamped metal strips 2 are connected to the plates 3 via screw connections 4. The slats are
540 mm long. The distance between the two middle chains is 443 mm and the distance
between the outermost and the nearest middle chain is 386 mm. The outermost end of the
stamped metal strip is 105 mm from the centre of the outermost chain. At the outer ends of
the two stamped slats of each outermost row there are pins 5, designed to prevent the sides
of the inclined body from being clogged with stalk mass. The total width of the chain-andslat conveyor belt is 1420 mm and its length is 3379 mm (88 links). The stamped slats 4 are
attached to the sleeve-roller chains in three rows in a staggered arrangement.
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Fig. 1. Chain-and-slat conveyor: 1 - conveyor chain; 2 - stamped slat; 3 - fastening plate; 4 - screw
connection; 5 – pin.

In order to justify the design and mode parameters of the proposed chain-and-slat
conveyor, laboratory and field studies were carried out under real conditions of OOO
"Russkoe Pole" (LLC), Serdobsky district, Penza region (RU) on the header of an Akros
585 harvester of OOO "Combine Plant "Rostselmash" (Russia). The stalk yield of wheat
was 3.3 t/ha. The objective of the research was to study dependence of grain losses (L, %)
and crushing (C, %) behind the threshing machine on the pitch of stamped slats of the
chain-and-slat conveyor (t, mm); the speed of chain-and-slat conveyor (, m/s) and the
working speed of the combine (V k , m/s).
To determine the grain losses behind the combine thresher, the outgoing straw and chaff
were placed in a swath. Fifty ears were taken from the swath and the unthreshed grains
were threshed by hand. The grain losses were determined according to the formula:
L=

kNA
 100%,
5000  h

where k - the number of non-soaked grains in 50 ears, pcs; N - the density of productive
stand, pcs/m2; A - the weight of 1000 grains, g; h - the yield of grain, cwt/ha.
To determine the percentage of crushed grains (C, %) a sample of about 20 cm3 was
taken from the hopper of the combine, the impurities were separated and the grains were
sorted into whole and crushed ones. The crushed particles were converted into whole grains
by dividing the number of crushed particles by two or three (depending on the prevalence
of halves or thirds). The resulting number of crushed grains was divided by the total
number of grains in the sample and multiplied by 100.
The parameter justification was carried out in several stages. In the first stage, three
versions of the chain-and-slat conveyor with different chain pitches were installed
alternately in the header house. There were made three chain-and-slat conveyors with the
slat pitches of: 153.6; 307.2 and 460.8 mm. When investigating the influence of stamped
slat pitch t on the uniformity of feeding, and accordingly on the losses (L, %) and crushing
(C, %) of grain, all parameters and operating mode of the chain-and-slat conveyor, except
for the slat pitch, remained constant. The speed of the chain-and-slat conveyor was  = 3.5

3

E3S Web of Conferences 258, 04006 (2021)
UESF-2021

https://doi.org/10.1051/e3sconf/202125804006

m/s, the working speed of the combine V k = 1.8 m/s. In the second stage, the selected
chain-and-slat conveyor was used and the speed of the chain-and-slat conveyor and the
working speed of the combine varied. The speed of the slats varied from 2.0 to 5.0 m/s by
using replaceable sprockets. The combine speed varied from 1.2 to 2.4 m/s.
During processing of results of experiment, the programs Excel, MathCAD, Statictica
were used.

3 The Results of the Studies
According to the results of processing the experimental data (Table 1) histograms of the
losses (L, %) and crushing of grain (C, %) depending on the pitch of the stamped slats of
the conveyor t (mm, Figure 2) were made.
As the data show, with increasing the pitch of the stamped slats t more than 307.2 mm,
both losses and crushing of grain sharply increase. The best quality indexes are given at the
smallest slat pitches t = 153.6...307.2 mm. The values of grain loss and crushing in this case
practically do not change, within the margin of error of experience. For further researches
we accept t = 307.2 mm due to lower metal intensity of the chain-and-slat conveyor.
Table 1. The results of studies on the effect of the pitch of the chain-and-slat elevator on grain loss
and crushing.
153.6
0.28
0.40

Slat pitch t , mm
Losses L, %
Crushing C, %

307.2
0.35
0.35

460.8
1.16
0.85

When determining rational values for the speed of the chain-and-slat conveyor into the
feeder' house, a slat spacing of t = 307.2 mm was installed. All other parameters, except the
      
Further, according to the results of processing the experimental data (Table 2), the
diagrams of dependence of the losses (L, %) and crushing of grain (C, %) on the speed of
the chain-and-slat conveyor  were built (Figure 3). The regression equations of grain
losses and crushing:
L = 2.1479  1.08476   + 0.17619   ;

(1)

C = 2.168  1.181   + 0.2   .

(2)

1,5
1
L,%

0,5

C,%

0
153,6

307,2

460,8

Fig. 2. The dependence of grain losses (L, %) and crushing (C, %) on the pitch of the stamped chain
slats (t, mm).

The correlation coefficients of the specified regression equations are R=0.99240 and
R=0.99280. The F-test data are 0.985698 and 0.986446 (respectively), also the graphs of
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correspondence of calculated and experimental values (Figure 4) testify to adequacy of the
obtained models.
The lowest grain loss and crushing are achieved at a conveyor belt speed of around 3
m/s (2.8 to 3.6 m/s). Deviations from this speed increase unproductive grain losses.

Fig. 3. The dependence of grain losses (L, %) and crushing (C, %) on the speed of chain-and-slat
conveyor slats (, m/s): 1 - the regression function of grain losses L`; 2 - the regression function of
grain losses C`; L,C - experimental values of grain losses and crushing (points).
Table 2. The results of studies on the effect of chain-and-slat conveyor slat speed on the grain losses
and crushing.
Conveyor speed , m/s
Losses L, %
Crushing C, %

2.0
0.65
0.58

2.5
0.58
0.50

3.0
0.50
0.45

3.5
0.50
0.45

4.0
0.60
0.60

4.5
0.82
0.95

5.0
1.15
1.25

The research to determine the rational values of the combine's working speed V k was
carried out taking into account the previously justified parameters and operating mode of
the chain-and-slat conveyor, which ensured the best performance. Table 3 shows the results
of the experiment. The regression equations of grain losses and crushing (Figure 5):
 = 0.934  0.91964   + 0.42559   ;

(3)

C = 2.205  2.316   + 0.777   .

(4)

The correlation coefficients of the specified regression equations are R=0.99481 and
R=0.98926. The F-test data are 0.990239 and 0.979751 (respectively), also the graphs of
correspondence of calculated and experimental values (Figure 6) testify to adequacy of the
obtained models.
The results obtained (Figure 5) show that at the working speed of the combine V k of
less than 2.2 m/s, grain fragmentation behind the thresher does not exceed 0.9%, and the
grain losses are less than 1.0%, which complies with the agricultural technical
requirements. Further increase of combine's working speed leads to the increase of losses
and crushing of grain due to the impairment of uniformity of stem mass feeding into the
threshing unit of the combine. Reducing the speed of the combine reduces both types of
loss, but will significantly reduce the productivity of the harvesting equipment.
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(a)

(b)
Fig. 4. The graph of correspondence of calculated and experimental values: (a) - grain losses (L, %);
(b) - grain crushing (C, %).

Fig. 5. The dependence of grain losses (L, %) and crushing (C, %) on combine's working speed (V k ,
m/s): 1 - the regression function of grain losses L`; 2 - the regression function of grain losses C`; L,C
- the experimental values of grain losses and crushing (points).
Table 3. The results of studies on the effect of combine speed on grain loss and crushing.
Combine speed V k , m/s
Losses L, %
Crushing C, %

1.2
0.42
0.52

1.4
0.50
0.50

1.6
0.58
0.52

6

1.8
0.67
0.58

2.0
0.75
0.62

2.0
0.96
0.85

2.4
1.2
1.15
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(a)

(b)
Fig. 6. The graph of correspondence of calculated and experimental values: (a) - grain losses (L, %);
(b) - grain crushing (C, %).

4 Conclusion
The performed laboratory and field researches of the chain-and-slat conveyor of the
combine harvester's feeder house have shown the possibility of its use in the harvester's
design. The rational values of design and mode parameters are justified. Thus, at a pitch of
stamped slats of the chain-and-slat conveyor of 307.2 mm, its speed of 2.8...3.6 m/s and the
combine's working speed of 2.2 m/s, the loss and crushing of the grain behind the threshing
unit of the combine is below one percent that meets the agricultural technical requirements.
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