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Abstract: A design of a new type of threshing accelerator for a high-quality gathering of short dry crops is 

presented, which enhances the technological capabilities of the biomass distribution (equalization) to the width of 

the feeder due to the effect of a variable gap in the zone of the output edge of the harvester feeder. The process of 

movement of the dry short-stalked grain mass in the feeder with the threshing accelerator is considered. The 

principle of operation of the harvesting machine equipped with the threshing accelerator and its efficiency is 

described. 
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Introduction 

The analysis of individual aspects that affect a 

high-performance, high-quality harvesting of grain 

crops shows that despite recent advances in science 

and practice, as well as improving harvesting 

techniques, a complete technological and technical 

support to harvesting is not provided, which would 

interconnect the variety of factors that determine a 

highly efficient use of equipment, complete gathering 

of harvest and preparation of high-quality products, 

because individual, sometimes original theoretical 

and practical solutions do not bring the desired 

effect. [1] 
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Materials and Methods 

The right choice of combine harvesters is 

always important, and it goes far beyond the cost of 

the solution. The main criterion for evaluating the 

equipment is not the geography of its production, but 

quality and reliability of the machine in performing 

operations and services, and working conditions of 

the operator [2]. 

Scientists, engineers and inventors have 

proposed a set of recommendations for improving the 

design of combine harvesters and their controls, and 

have developed devices and applications that reduce 

both damage and injury to the grain. However, so far 

qualitative performance of combine harvesters that 

gather short dry crops do not meet the agro-technical 

requirements for the quality of the resulting product 

[3,4]. 

To implement the mechanical-technological 

principle of the pre-threshing uniform distribution of 

the dry short-stalked grain mass by the transporting 

elements, we propose the threshing accelerator to be 

mounted on the harvester. The proposed threshing 

accelerator enhances technological capabilities of the 

biomass distribution (equalization) to the width of 

the feeder due to the effect of a variable gap in the 

zone of the outtake edge of the harvester feeder 

[5,6,7]. 

Studies have shown that the distribution of the 

dry short-stalked grain mass is not uniform as the 

threshed flow is moving. Let us consider the process 

of movement of the dry short-stalked grain mass with 

a device installed in the feeder [8,9,10]. 

The flow of the grain mass under continuous 

collisions with corrugations at the feeder inlet is a 

complex movement. It consists of the mass 

movement in the direction of the conveyor 

movement and the relative motion of the mass with 

velocity u along the corrugation, or to the right (left 

corrugation) or to the left (right corrugation), which 

is shown in Fig. 1. 

 

 
 

Fig. 1. Movement of the grain mass at the initial stage 

 

 

At the time of movement, the grain mass leaves 

the corrugation, then the main stream covers, and 

later moves to the second corrugation (without 

discreteness), and then again interacts with the 

second corrugation similar to the first one. After 

overshooting the first corrugation (without 

discreteness), the relative speed “u” of the stem 

directed along the guiding corrugation gradually 

reduces to zero. Here, the shock effects take place 

again, and the grain mass, due to a complex 

movement, shifts to the left or right, depending on 

the location of the corrugation. When the mass leaves 

the second corrugation (without discreteness), the 

diverted flow of the grain mass is moved further by 

the conveyor. Here, there are some changes in the 

absolute velocity of the grain mass. Then impact 

phenomena take place around the corrugations, and 

the grain mass shifts to the left or right due to a 

complex motion, depending on the location of the 

corrugation discreteness (Fig. 2) [11,12]. 

As the short-stalked grain mass moves, the 

underlying layers interact with discontinuous 

corrugations due to the shock pulse, and change their 

direction, i.e. move along the wall of the corrugation 

left and right. 
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Fig. 2.  Grain mass movement depending on the location of discreteness  

 

 

Hereafter, due to the shock pulse, the grain 

mass begins to slide (move) left or right relative to 

the corrugation with velocity 
/u . At the time of 

movement of the grain mass to discreteness (the gap 

between the corrugations), it is picked up by a layer 

of the main stream, and there is a further move in the 

direction of the threshing machine. Scheme of the 

interaction can be seen in Figure 3. 

 

 
 

Fig. 3. Grain mass movement under a shock pulse 

 





0

0 : dtFSvmumS hithit       (1) 

where  
ov  is the velocity of the short dry grain mass 

at the time of approaching corrugations;  

hitS  is the shock pulse; 

hitF  is the impact force; 

hitF  is the component of the impact force along the 

corrugations, which contributes to further movement 

of the mass along the corrugations; 

nhitF  is the component of the impact force along the 

principal normal, which induces the reaction force of 

the corrugation to the grain mass, i.e. NF
nhit  . 

friktionF  is the friction force arising at the time of the 

grain mass movement along the corrugation   

fNF friktion  . 

 

sinhithit FFN
п
              (2) 

 




coshithit FF      (3) 
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sinhitfriktion fFfNF   (4) 

 

where f is the coefficient of sliding and friction 

between the grain mass and the corrugation.  

  α is the angle between the guiding corrugation and 

the direction of movement of the mass; 

N  is the reaction force of the corrugation to the 

grain mass. 

The grain mass moves along the corrugation, 

and in the first approximation we take this movement 

as progressive (Fig. 4). 

 

 
 

Fig. 4. Grain mass movement along the corrugation to discreteness  

 

The dynamic equations of the grain mass 

movement along the corrugation to discreteness 

 

PFNF
dt

du
m friktionhit    (5) 

 

The differential equation of the grain mass 

movement 

 

 

 sincos
2

2

PFF
dt

sd
m friktionhit    (6) 

 

where s is the equation of the mass movement along 

the corrugation. 

 

 

 sincos hithit fFF
dt

du
m    (7) 

 

 

  sincos fF
dt

du
m hit    (8) 

 

where  

hit

hit

S
F

average
  is the average value of the 

impact force; 

where τ is the infinitesimal interval of time, during 

which impact force acts. 

Integrating equation (7), we obtain  

 

  

t
hit

u

dtf
m

F
du

average

0cos

sincos

0




       (9) 

 

  tf
m

F
vu

averagehit
  sincoscos0  (10) 

 

Value u is reduced to zero over time, since the 

difference (  sincos f ) has a minus sign. Let 

us define the change in the grain mass along the 

corrugations by integrating equation (9) 

 

  tf
m

F
v

dt

ds
u

averagehit
  sincoscos0  (11) 

 

  

t
hit

ts

tdtf
m

F
dtvds

average

00

0

0

sincoscos 

 (12) 

 
2

sincoscos
2

0

t
f

m

F
tvs

averagehit
     (13) 

 

At the time of movement, the stalk leaves the 

corrugation, then the main stream covers the 

discreteness and moves along it, uniformly 

distributing further movement of the grain mass in 

the direction of the thresher [13,14]. 

 

Conclusion 

Thus, during the operation of the combine 

harvester, the stalks of the dry grain mass, as a result 

of moving through the feeder, interact with the 

discrete part of the corrugation and change their 
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direction, getting into the threshing apparatus in a 

more stream-lined flow. 
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