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Abstract: The purpose is improving the efficiency of the technological process of threshing and separating the grain pile in a multi-

drum threshing-separating device due to the substantiation of the technological modes of the work of threshing drums. The influence of 
technological parameters of the three-drum threshing-separating device of a grain-harvesting combine on the process of grain separation 
has been studied experimentally. Models of the grain separation process are obtained depending on the speed of rotation of the drums and 
the supply of technological material for threshing, based on the results of the experimental research. modeling the process of grain 
separation depending on the speed of rotation of the drums and the supply of technological material for threshing allows to determine the 
quantity and quality of the mass that each of the three drums separately threshed. 
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1. Introduction 
 
Improvement of the designs of grain harvesters threshing 

devices is mainly based on the analysis of the results of 
experimental studies and testing of various variants of existing 
models [1, 2]. Such a way of creating a threshing and separating 
system (TSS) of combine takes a long time and requires high labor 
and resources. The methods of justifying the rational parameters of 
the working units of the combine threshing device are promising 
due to the development of mathematical models of threshing and 
separation processes [3-7]. 

Currently, there is a tendency to use rotary, multi-drum, hybrid 
threshing devices in order to increase the throughput of the combine 
as a whole [10, 11]. The study of the operation conditions and 
modes of the combine threshing and separation system, which 
provide increased separating capacity, and simultaneously reduce 
the load of one of the most vulnerable unit of the combine such as a 
straw walker [12], seem to be a priority. 

The urgency of the research is due to the necessity of 
developing universal methods for analyzing multi-drum threshing 
systems of grain-harvesting combines to determine the quantity and 
quality of the mass that has been threshed and separated at each 
operation of the technological process. Improvement of the designs 
of threshing and separation system occurs to reduce the level of 
grain damage. Under such conditions, the efficiency of grain 
production systems is substantially increased [8, 9]. 

 
2. Preconditions and means for resolving the 
problem 
 
Known for the designs of grain combines which in the 

threshing and separation system contain several drums [13, 14]. The 
use such designs of the combine harvesters makes the increase in 
the productivity of the threshing device, which is mainly due to the 
improvement of grain separation processes. Noted designs include 
various combinations of drums and concaves. 

Of the well-known design and technological schemes of grain 
threshing and separating it is worth noting the designs of the TSS 
that use a differential threshing method. The peculiarity of this 
threshing method [15, 16] is that for the threshing and separation of 
grain the appropriate modes of operation of the threshing drum are 
chosen. More moderate modes are set for the first drum and more 
rigid for subsequent drums (rotors). Due to such conditions the 
amount of injured grain is reduced and its separation is improved. 

Widespread use of the differential method of grain threshing 
and separation indicates the prospect of conducting research in the 

direction of optimization and substantiation of the threshing drums 
operating modes which would allow intensifying the process of 
grain threshing and separation and reducing its damage and injury. 

To describe the threshing process, a number of empirical 
dependencies were obtained, which used mainly experimental-
theoretical research methodologies [5]. The disadvantages of these 
methods include the multivariance of the proposed solutions, many 
of which can be used only in a narrow range of variables and for 
individual elements of the designs of TSS. In addition, in these 
works insufficient attention is paid to the study of the technological 
process of threshing and separation of multi-drum TSS, consisting 
of two or more drums [5]. 

 
3. Purpose of the study 
 
The main aim of our study is improving the efficiency of the 

technological process of grain threshing and separation in a multi-
drum threshing and separating device due to the substantiation of 
technological modes of operation of threshing drums. 

 
4. Results and Discussion 
 
Consider the technological process of grain mass threshing and 

separation on the example of a threshing device of combine KZS 
"Slavutich" with a three-drum TSS (Fig. 1). 

 

 
 
Fig. 1. - Scheme of the threshing device of the combine 

harvester "Slavutich" with a three-drum TSS: 1, 2, 3 - concaves of 
the threshing device; 4 - chopper; 5 - shaker pan; 6 - cleaning 
system. 
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The structural scheme of a combine harvester  KZS "Slavutich" 
with a three-drum TSS is shown in Fig. 2. According to the 
technological process, the cut cereal stalks are fed by a header to the 
slope conveyor and further to the concave of the threshing device 1 
(fig. 2). The Q1 symbol indicates the proportion of grain that is fed 
to the threshing and separation in the TSS. In the steady-state 
operating conditions of the combine and the absence in its design of 
devices for preliminary threshing of grain, Q1 = 1. 

  

1 2 3 4 

5 

Q1 Q2 Q3 Q4 

N1 N2 N3 

Three-drum TSS 

 
 
Fig. 2. - The structural scheme of a threshing device of a 

combine KZS "Slavutich" with three-drum TSS. 
 
The threshing process begins on the first drum. Under such 

conditions, part of the mass N1 is sifted through the concave 1, gets 
to the shaker pan 5 and is directed to the sieves of the cleaning 
system. A part of the mass Q2 that has not threshed on the first 
drum is fed to the second drum, where it further threshing and 
separation takes place. 

On the second drum some of the mass N2 is sieved through the 
concave 2 and falls on the shaker pan 5. The mass Q2 which has not 
been threshed on the first and second drums is fed to the third drum. 
At this stage, the mass N3 is sieved through the concave 3 and also 
falls on the shaker pan 5. 

The mass Q4 is a mixture of not sifted free grain, unthrashed 
grain (loss in straw) and non-grain part. This mass is fed to a 
shredder 4, which evenly spreads it on the field. This mass can be 
transported to a straw hopper. 

The technological regime of the three-drum MSS operation can 
be expressed conventionally in the following form: 

 
2 1 1

3 1 1 2

4 1 1 2 3

Q Q N
Q Q N N
Q Q N N N

= −
 = − −
 = − − −

 (1) 

where Q1, Q2, Q3 and Q4 are the proportion of the grain coming 
with the mass into the first, second, third drum and chopper 
(relative loss of grain in straw) of three-drum TSS respectively; 

N1, N2 and N3 are proportion of the grain separated by the first, 
second and third threshing drum, respectively. 

According to the results of experimental studies the 
dependences of the influence of the angular velocity of the rotation 
of the drums and the reduced mass feed on the grain separation 
value along the length of the concave of the three-drum TSS are 
established. The research was carried out on the fields of the 
experimental farm on the harvesting of winter wheat by direct 
harvesting using a laboratory-field installation mounted on an 
experimental grain harvester KZS "Slavutich" with a three-drum 
TSS (Fig. 1). 

The experiments were conducted according to a matrix plan for 
three factor experiments. Variable factors affecting the performance 
of a three-drum TSS were: angular velocity of threshing drums ω, 
rad/s; load of combine harvester q, kg/s; length of the concave area 
that the mass passes through during the threshing and separation l, 
m. 

According to the results of the experimental studies, regression 
equations (2-4) were obtained which adequately describe the 
influence of the investigated factors on the performance indicators 
of a three-drum TSS: 

 
( ) 1,524049

1

0,022353· 0,069613· ·11
q l

Y e
ω −

= − ; (2) 

 ( )
2 2

1,041219
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1 ·
q l

Y Q e
ω − = −  

 
; (3) 

 ( )
3 3

1,242060
30,047084· 0,141601· ·

1 ·
q l

Y Q e
ω − = −  

 
, (4) 

where Y1, Y2 and Y3 are particles of grain thrashed and 
separated by the length of the drum concave of the first, second and 
third drum. 

The adequacy of these models is verified using Fisher's 
criterion. The results of the calculations indicate that the given 
regression equations are adequate at the confidence level of 0.95. 

In fig. 3 shows the response surface, which determines the 
effect of feeding the grain and straw mass and the angular velocity 
of rotation of the threshing drum on the proportion of grain that is 
separated by the first concave of the three-drum TSS. 

 
 

ω1, rad/s  
 

 q, kg/s 

 

 Y1 
 

 

 
 
Fig. 3. - The dependence of the grain-straw mass (q) and the 

angular velocity of the threshing drum rotations (ω1) on the 
proportion of the grain that is separated at the length L of the first 
concave of the three-drum TSS. 

 
On the basis of the analysis of dependencies in Fig. 3 it is 

established that an increase in the supply of grain and straw mass 
(q) leads to a decrease in the proportion of separated grain. Thus, 
when the grain-straw mass was fed (q = 6 kg/s), the proportion of 
the separated grain was 0.69, and when supplied (q = 12 kg/s) was 
0.55, respectively. The increase in grain-straw supply twice leads to 
a corresponding decrease in the fraction of the separated grain by 
almost 20%. 

An increase in the angular velocity of the threshing drum 
rotations (ω1) leads to an increase in the proportion of grain that is 
separated at the length L of the first concave of the three-drum TSS 
(Fig. 3). Thus, at the angular velocity of rotation of the threshing 
drums (ω1 = 82 rad/s), the proportion of separated grains was 0.55. 
The value of the angular velocity of rotation of the threshing drums 
(ω1 = 96 rad/s) corresponds to the proportion of the separated grain 
at the level of 0.69. That is, an increase in the angular velocity of 
rotation of the threshing drums by 17% leads to a corresponding 
increase in the proportion of separated grain by 25%. 

Simulation of the threshing and separation process of the grain 
mass of a three-drum TSS was performed in the MathCAD 
Professional 2000 software environment. Based on the studies 
carried out models were obtained that made it possible to establish 
the dependences of the rotation speed of the corresponding drum 
and the feeding of grain mass on grain separation along the length 
of concave of each of the three drums. 

Analysis of the obtained dependences allowed concluding that 
the overall level of grain damage in a three-drum TSS can be 
reduced by reducing the circumferential speed of the first drum by 
20-25%. Under such conditions the separating ability of the first 
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drum decreases by 18% -22% and the corresponding increase in the 
separating capacity of the second and third drum of the three-drum 
TSS (Fig. 4). 

 

 

l, м  

3 1 2 

YЗ  

6 4 5 

l, m 

Y3 

 
 

Fig. 4. - Dependence change in the amount of grain remains in 
the grain and straw mass along the length of the concave of the first 
(1, 2), second (3, 4) and third (5, 6) threshing drum for the 
circumferential velocity value of drum  VB = 24.5 m/s ( 1, 3, 5) and 
VB = 31.5 m/s (2, 4, 6). 

 
The linear speed of rotation of the threshing drums 

significantly affects the separating ability and the value of grain 
losses over the TSS of the combine. In Fig. 5 shows the estimated 
dependences of influence the rotation speed of the second and third 
drums on the grain losses for the three-drum TSS. The value of the 
velocity of the second and third drums in the range of 30 - 35 m/s 
corresponds to the value of grain losses for TSS at the level of 0.5% 
- 1.1% (Fig. 5).Under the conditions of reducing the velocity of the 
second and third drums to the values at the level of 28 - 29 m/s 
there is an increase in grain losses for TSS that exceed the allowable 
level established by agricultural requirements. 
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Fig. 5. - Dependences of the influence of the velocity of 
rotation of the second and third drum of a three-drum TSS on the 
grain loss: the value of the circumferential velocity of the first drum 
1 - VB1 = 24.5 m/s; 2 - VB1 = 28.0 m/s; 3 - VB1 = 31.5 m/s; 4 - the 
level of grain losses, set by agricultural requirements. 

 
Dependences of the influence of the rotation velocity of the 

first drum on the level of grain losses for the three-drum TSS for 
different values of the rotation velocity of the second and third 
drums are shown in Fig. 6.  
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Fig. 6. - Dependences of the influence of the rotation velocity 

of the first drum of the three-drum TSS on the loss of grain: the 
circumferential velocity of the second and third drum 1 - VB2 =       
25 m/s; 2 - VB2 = 28 m/s; 3 - VB2 = 31 m/s; 4 - the level of grain 
losses, set by agricultural requirements. 

 
It should be noted that the increase in the circumferential 

velocity of the first drum leads to a decrease in the grain losses for 
the TSS of combine harvester (Fig. 6). With the value of the 
circumferential velocity of the second and third drums VB2 = 31 m/s, 
the grain losses for the three-drum TSS do not exceed the 
permissible level set by agricultural requirements on all ranges is 
the change in the velocity of the first drum. 

 
4. Conclusions 
 
An experimental calculation method is developed for 

determining the proportion of threshed and separated grain 
depending on the concave length of the multi-drum TSS based on 
the results of simulation the combined process of transportation, 
threshing and separation of grains due to the interaction of drum 
with grain-straw mass. 

The models of the technological process of grain separation 
have been developed, which made it possible to establish the 
dependence of the influence the structural and technological 
parameters on the grain loss. The dependences of the effect of the 
rotation velocity of the drums and the reduced mass feeding on the 
grain separation value along the length of the concaves (first, 
second and third) of a three-drum TSS are determined. Regressions 
equations are obtained that establish the proportion of threshed and 
separated grain depending on the length of the concave of each of 
the three drums. 

It is noted that the overall level of grain damage in a three-
drum TSS decreases with the corresponding reduction of the 
circumferential speed of the first drum by 20 - 25%. Under these 
conditions, the separation capacity of the first drum is decreases by 
18% - 22%, and the separation capacity of the second and third 
drum of the three-drum TSS is correspondingly increasing. 

To ensure the minimum grain losses for the three-drum TSS 
the value of the circumferential speed for the second and third 
drums in the conditions of harvesting grain crops should be within 
29 - 31 m/s. 
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