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Abstract 

The main technical means for harvesting grass seeds are combine harvesters. But significant differences in 

the physical and mechanical properties of the seed heap from cereals complicate their work, especially the opera-

tions of wiping and separation of seeds. This encourages the search for seedlings to search for and develop new 

technological and technical solutions for the processes of threshing, wiping and separation of seeds in the field and 

in the full-time department. 

One of the main problems in threshing and wiping the seed heap is the need to recycle the mass to increase 

the yield of pure seeds. One of the options to reduce the recycling of material in the thresher of the combine is to 

refine the design of the threshing machine and air-sieve cleaning, which are described in the work. 

The results are stated of the research on substantiation of rational modes of operation of technical means at 

harvesting of seeds of perennial grasses.  

The results of research on the process of harvesting grass seeds by combine harvesters reveal the need to 

intensify the process of wiping the seeds with a threshing machine. One way to solve this problem is to reduce the 

degree of contamination of the seed heap with straw impurities. 
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Formulation of the problem. For harvesting leg-

ume seeds are mainly used combine harvesters, which 

are the main technical means. Since there are no special 

machines for harvesting seeds of perennial legumes, all 

known technologies are based on the use of combine 

harvesters. As an object of processing, grass seeds have 

a number of specific features other than cereals in the 

structure of plants, inflorescences and seeds, which 

causes significant differences in physical, mechanical 

and technological properties of the material being pro-

cessed. Significant differences in the physical and me-

chanical properties of the biological mass of grass seeds 

from cereals complicate the process of seed collection 

and especially the operation of wiping and separation 

of seeds with a combine thresher. To harvesting grass 

seeds, combine harvesters use special devices (adapt-

ers), which are more suitable for working with such ma-

terial as a pile of grass seeds. This reduces losses, but 

still seed losses remain significant and amount to 20-

30% of the biological yield. 

The process of wiping seeds from beans remains a 

problematic issue in the work of threshing machines of 

grain harvesters, the percentage of wiped seeds after 

passing through the threshing machine is only 45-55%. 

Therefore, to wipe the rest of the seeds from the beans, 

the fraction of ungrained seeds is fed into autonomous 

graters, the efficiency of which is too low, for one pass 

of material through the grater wipes only 10-15% of the 

seeds. In addition, due to the low adaptation of air-sieve 

cleaning to work with a heap of grass seeds, a signifi-

cant part of straw impurities and chaff is fed into the 

grater device with not wiped seeds. Repeated feeding 

of the same material in the grater device for re-wiping 

the seeds from the beans leads to the recirculation of 

the material in the thresher of the combine. This leads 

to overloading of the working bodies of the thresher, 

and even greater deterioration of the air-sieve cleaning, 

and, accordingly, to an increase in the loss of seeds be-

hind the threshing machine of the combine. Significant 

seed losses during the harvesting of grass testicles lead 

to the need to find and develop new technological and 

technical solutions for the processes of threshing, wip-

ing and separation of seeds in the field and in the full-

time department. 

Analysis of recent research and publications. 

The issue of development of technologies and means of 

mechanization of harvesting seeds of perennial leg-

umes was paid attention in [1, 2, 3], but it should be 

noted that these results have significant contradictions 

and are in the nature of DCR and GDR and do not pro-

vide answers on how to reduce seed losses based on the 

actual production capacity, given the technical means 



56  Annali d’Italia №14/2020 

 

currently available in farms for harvesting. on-seeds of 

perennial legumes. 

The purpose of research. Substantiate the basic 

principles (approaches) of the choice of technological 

processes (operations) and technical means of thresh-

ing, wiping and separation of seeds and rational modes 

of operation of technical means for harvesting legume 

seeds. 

Research results. According to the results of re-

search on the work of threshers of grain harvesters 

“Don-1500”, KZS-9 “Slavutych” on harvesting seeds 

of perennial legumes, it was determined that from the 

total mass of material entering the threshing machine of 

the combine, after threshing for cleaning receives 64.4-

68.5% of the material. 

Depending on the percentage of unwashed beans, 

chaff and straw impurities in the material fed from the 

air sieve to the re-threshing, the recirculation load on 

the sieve increases due to the part of the material that is 

fed to the grater.  

The amount of recirculation kn and the number of 

cycles rn  re-supply of material for air-sieve cleaning 

depends on the completeness of wiping the seeds in the 

threshing machine and grater, the fractional composi-

tion of the heap, the technological reliability of the sep-

aration of the heap in air-sieve cleaning. Studies of the 

quality of PST-10, PST-8, and 54-108A graters showed 

that the use of these devices on combine harvesters for 

wiping the seeds of perennial legumes allows to in-

crease the percentage of wiped seeds in the hopper by 

only 10-15%, but to solve the problem of completeness 

of wiping the seeds with a thresher harvester is not pos-

sible. This only leads to an increase in the circulating 

load on the working bodies of the thresher, and espe-

cially the sieve state of cleaning. 

Therefore, there is a need to select such modes of 

operation of the combine thresher, which would mini-

mize the recycling of material in the combine thresher, 

thereby improving the conditions of air-sieve cleaning 

during heap separation, and thus minimize the loss of 

seeds behind the thresher.  

One of the options to reduce the recirculation of 

material in the thresher of the combine is to refine the 

design of the threshing machine and air-sieve cleaning. 

In this direction we carried out such works, as a result 

of which adapters to the “Don-1500” grain harvester 

were developed. The development envisages an in-

crease in the exposure of the material processing in the 

working gap of the drum-deck due to the overlapping 

of the part of the deck with blind inserts with an active 

working surface. Replacement of the lower louver sieve 

with a flat piercing sieve with a hole diameter of 2.5-3 

mm, which allows for one pass of the material on the 

sieve to separate the productive seed part of the crop 

from plant residues. Due to the completion of the de-

sign of the fan blade drive, the operating modes of the 

fan have been changed, which makes it possible to re-

duce the fan blade speed to 350-400 rpm.  

The results of laboratory field research of the 

thresher of the grain harvester “Don-1500”, equipped 

with adapters for wiping the seeds are shown in Fig. 

1,2. 

 
Fig. 1. Dependences of the influence of the working gap h and the speed of rotation of the drum X1 on the com-

pleteness of wiping the seeds μ 
 

Laboratory-field studies of the performance of the 
combine harvester “Don-1500”, equipped with adapt-
ers for harvesting seeds of perennial legumes, were 
conducted in the field on the following agricultural 
background: humidity of plant mass in rolls 14-19%; 
seed yield of 2.5 kg / ha with a ratio of seed weight to 
plant weight on average 1:12. The study was performed 
at a speed of the threshing drum in the range of 600-
800 rpm. Working gaps between the deck and the drum 
were set at the entrance 12-20 mm, at the exit 4-8 mm; 
fan blade speed 300-500 rpm; feed material into the 

combine thresher 3-4 kg/s. 
From fig. 1 shows that the maximum complete-

ness of wiping the seeds from beans with a threshing 
machine with a converted deck is 91,4-92,6%. Increas-
ing the working gap between the deck and the drum at 
the entrance from 12 to 20 mm affects the completeness 
of wiping the seeds in the range of 5,2-5,6%. Changing 
the speed of the threshing drum from 600 to 800 rpm 
also has a negligible effect on the completeness of seed 
wiping - in the range of 4,0-5,2%. 
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Fig. 2. Dependences of seed losses Δ on cleaning of the combine on frequency of rotation of a drum X1 and a 

wing of the fan X2 

 

Results of researches of work of air-sieve cleaning 

of the combine “Don-1500” with the reduced frequency 

of rotation of a fan wing to 300-500 rpm. and equipped 

with a lower penetrating sieve are shown in Fig. 2. 

From Fig. 2 shows that the losses of clover seeds 

after cleaning the combine with increasing speed of the 

fan blade above 450 rpm increase sharply. 

Thus, at a fan speed of 500 rpm seed losses are 

already 4,3-15,6%. The magnitude of seed losses after 

cleaning the combine is also affected by the mode of 

operation of the threshing drum. With more “hard” 

modes of operation of the threshing machine – reduced 

working gaps between the deck and the drum to 12-14 

mm and its speed more than 700 rpm – seed losses are 

reduced by 9-10% due to the completeness of wiping 

the seeds from the beans. It is also noted that with a 

decrease in the speed of the fan blade to 300 rpm, the 

clogging of the hopper heap increases by 12-16% and 

the process of heap separation deteriorates. 

The results of laboratory field research of the 

threshing machine of the combine “Don-1500”, 

equipped with experimental adapters, are confirmed by 

the production inspection of its work on harvesting al-

falfa seeds, white clover, clover. In production condi-

tions, the use of the “Don-1500A” combine harvester, 

with adapters developed by us for harvesting perennial 

legume seeds, allows to ensure complete wiping of 

seeds from beans 91,4-92% and reduce seed losses after 

cleaning the combine to 3-5% [4]. 

Another technological solution for harvesting 

grass seeds may be the option of harvesting the seed 

part of the material in the field, followed by doving and 

separation of seeds in the hospital [5]. In this case, it is 

possible to reduce the loss of seeds in the field, but there 

is a need to justify the degree of contamination of the 

seed heap, as straw impurities, and the content of un-

worn seeds. Depending on the clogging of the seed 

heap, the losses of seeds behind the combine, as well as 

the conditions of its processing at the hospital will 

change. Deficit of machines for dosing and loading ma-

terial into the technical means at the hospital, as well as 

the lack of special machines for working with clogged 

seed heap leads to a significant increase in labor inten-

sity and reduced productivity of machines for wiping 

and separating seeds. In addition, the efficiency of ma-

chines that can be used in these operations is low, both 

in terms of quality of work and the reliability of the 

technological process [6]. Therefore, the use of this 

variant of technology can be both economically and 

technologically unjustified. The expediency of using 

such an option will be determined to a large extent by 

the degree of clogging of the seed heap, both straw im-

purities and the content of undried seeds in it. 

Therefore, taking into account the possibility of 

using this option of collecting grass seeds, we con-

ducted studies of the impact on the quality of the sieve 

condition of grain cleaning machines clogging of the 

clover heap with straw impurities and the maximum 

possibilities of using sieve mills on this material and 

identified rational kinematic modes of sieve operation. 

The research was carried out on a sieve state with 

the amplitude of oscillations of the sieve 7,5-10 mm, 

and the angle of the sieves 6-8º. The amplitude velocity 

of the sieve oscillations varied in the range of 0.19–0.40 

m / s, the amplitude acceleration of the sieve oscilla-

tions varied in the range of 5,0–20,8 m/s2. The working 

length of the sieve was 1580 mm. During the research, 

a heap of clover was used with a contamination with 

straw impurities in the range of 2-25%. The supply of 

material to the sieve state was in the range of 500-900 

kg/h. 

The results of studies of the process of separation 

of the clover heap with different clogging with straw 

impurities are shown in Fig. 3, 4. Separation of clover 

seed heap clogged with straw impurities from 2-5% 

yielded positive results of technological efficiency and 

reliability of the separation process. From Fig. 3 it is 

seen that at optimal kinematic modes of operation of 
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the sieve state - the amplitude velocity of the sieve os-

cillations is 0,25-0,27 m/s, or the amplitude approach 

of the sieve oscillations is 8,5-9,5 m/s2 it is possible to 

allocate 98,5-99,5% of straw impurity from a heap, 

losses of seeds at the same time do not exceed 1,0%. 

It should be noted that a decrease in the amplitude 

velocity of the sieve state from 0,23 to 0,19 m/s, or an 

increase from 0,29 to 0,355 m/s leads to a 2-5% in-

crease in seed loss and a decrease in the purity of the 

purified seed. 

When separating clover seed heap with a maxi-

mum clogging of up to 15-20% with straw impurities, 

the technological efficiency (Fig. 4) and the reliability 

of the separation process at the sieve state of grain 

cleaning machines significantly deteriorates. The speed 

of movement of particles in the heap layer and on the 

sieve decreases by 1,5-2 times, the sieving capacity of 

the sieves falls, the separating heap hangs on the sieves, 

there are frequent technological failures. The capacity 

of the sieves is reduced by 2-3 times. Seed losses (Fig. 

4) increase significantly and reach 10-12%. 

 
Fig. 3. Graphs of dependences of seed losses on the sieve state Δ and the percentage of release of straw impuri-

ties from the heap of clover C from the amplitude velocity of oscillations of the sieve V and clogging of the clo-

ver heap with straw impurities: 1-2%; 2-3%; 3-5% 

 

As can be seen from Fig. 3, 4 when separating the 

heap clogged with up to 15-20% straw impurities, the 

amplitude rate of oscillations of the sieve state must be 

increased by 0,07-0,08 m/s in comparison with the sep-

aration of the heap, which is clogged with only 2-5% 

straw impurities. 

The difference in the optimal amplitude velocity 

and acceleration of the oscillations of the sieve state 

with different clogging of the seed heap is due to the 

fact that to move the less loose heap there is a need to 

increase the frequency of oscillations of the sieve state. 

In addition, from Fig. 3, 4 it is seen that the deviation 

of the amplitude velocity of the oscillations of the sieve 

state from the optimal values leads to a decrease in the 

technological effect of separation. The purity of the 

cleaned seeds is significantly reduced and the losses 

due to the sieve condition increase. 
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Fig. 4. Graphs of dependences of seed losses on the sieve condition Δ and the percentage of straw impurities 

from clover heap C on the amplitude velocity of sieve oscillations V and clover heap clogging with straw impuri-

ties: 1-15%; 2-20%; 3-25%. 

 

Conclusions. Given the above results of research 

on the threshers of combine harvesters and stationary 

wind turbines and based on the technological capabili-

ties of their work on threshing, wiping and separation 

of grass seeds, appropriate technological decisions can 

be made to justify the process of harvesting seeds of 

perennial legumes and rational modes their work.  

The results of research on the process of harvest-

ing grass seeds by combine harvesters indicate the need 

to intensify the process of wiping seeds with a threshing 

machine and reduce the fan speed to 300-350 rpm and 

replace the lower louver sieve with a flat punch sieve. 

The main factor of technological efficiency and re-

liability of the process of seed cleaning on the sieves of 

grain cleaning machines is the degree of clogging of the 

seed heap with straw impurities. With an increase in the 

content of straw impurities in the technological mate-

rial by more than 15%, the efficiency of the sieve de-

creases sharply, so the use of sieve mills on such mate-

rial is not appropriate. 
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