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Abstract. Theoretical studies of the seed movement in the centrifugal 
seed distributor of a pneumgivenatic grain seeder have been performed. 
There were obtained the equations describing the process of seed 
movement in a centrifugal seed distributor which allow determining the 
optimal parameters of the pneumatic system of the seeder. The relationship 
between the operating and design parameters of the centrifugal distributor 
is given. 

1 Relevance of the research  
The most promising ones are pneumatic grain seeders, which, due to a common hopper and 
a pneumatic metering and distribution system, can reduce labor costs by up to 30% and 
increase the productivity of the sowing unit by up to 25% [3, 5]. However, despite all the 
advantages, pneumatic grain seeders do not always provide a high-quality distribution of 
seed material over the feeding area [6,7]. Improving the design of pneumatic grain seeders 
is impossible without theoretical justification of the process of seed distribution in a 
centrifugal seed distributor, which requires the development of a mathematical model of 
seed movement that provides the possibility of substantiating the design and operating 
parameters of a pneumatic grain seeder. Improving the quality of seed distribution through 
seed pipelines by substantiating the design and technological parameters of the centrifugal 
distribution device of a pneumatic grain seeder based on modeling the movement of seeds 
is relevant. 

2 Equation of a particle motion in a centrifugal seed distributor  
The movement of a particle in a centrifugal seed distributor of a pneumatic grain seeder [4] 
is described by the Lagrange method in a fixed coordinate system by the expression system 
of equations: 
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Consider the movement of a single grain A in a centrifugal seed distributor, which 
rotates clockwise with angular velocityω , while falling down relative to the axis z  (figure 
1). 

For the mathematical description of the grain in the distribution of seeds, position it in 
Cartesian coordinates so that the axis direction OX coincides with the direction of the 
velocity at the point А at the entrance to the distributor, the axis OY and the axis 
OZ coaxial with the axis of camera pointing down. 

 
Fig. 1. Trajectory of the caryopsis movement in the centrifugal seed distributor  

When considering the movement of the point А , we will take into account the initial 
moment of rotation at the outlet of the seed pipe. The movement of seeds from the opposite 
seed pipe will not be considered due to the fact that it will occur under the same conditions, 
only the initial coordinates will be different X and Y . 

The grain in the centrifugal distributor is affected by the following forces (Figure 2) [1]: 
1) AFτ  – tangential component of the driving aerodynamic force, N; 
2) цб

AF  – centrifugal component of the driving aerodynamic force, N; 
3) c

aF  – drag force, N, directed in the opposite direction from the driving force, arising 
from the relative speed of the particle А and air; 

4) ц
AF  – Archimedes' centrifugal force, H, directed along the radius to the center of 

rotation, which causes a change in the pressure of the carrier medium on the surface of the 
particle А ; 

5) gF  – gravity force, N, acting vertically downwards; 
6) архF – Archimedes ' lifting force, H, acting in the opposite direction of gravity, due to 

the resistance of the air to the lowering of the particle; 
On the basis of the Newton's second law and the forces acting on the particle А , the 

equations of its motion in projections on coordinate axes were made. The driving 
aerodynamic force AF occurs due to the movement of a point А in the air flow. The driving 
force AF is decomposed into normal and tangential components [2].  
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α  –angle between the direction of the absolute speed of the point А and the plane OXZ ; 
β  –angle between the direction of the absolute speed of the point А and the plane OXZ  ; 
ц цб
A AF II F ; g архF II F IIOZ ; forces 

с
а АF II F

τ
 are directed under the angles α  to OX  and β  to OY  

Fig. 2. Forces acting to the particle А  

To analyze the trajectories of seed movement, we placed them at the junction of the 
inlet pipe and in the chambers of the centrifugal distributor (figure 3). To simplify the 
mathematical model, we assume that seeds from all five points are immediately involved in 
rotational motion along the walls of the distributor chamber, descending to the discharge 
pipes [3].  

 

1ϕ , 2ϕ , 3,4,5ϕ  – angular coordinate of the seeds relative to the axes XY ; h - height of the distributor 

on the axis Z , r - radius of the inlet pipe; бR - radius of the distributor.  

 Fig. 3. Coordinates of the analyzed seeds 

Let's analyze the forces acting on the seeds in the centrifugal distributor [4]. The 
tangential component of the driving aerodynamic force is defined by the expression:  

2

2
uвF C Sс c вA

τ ρ=      (2) 

where сC  – coefficient of the aerodynamic drag of the particle;  

вρ  – air density, kg/m3; 

вu  – air velocity, m/s; 

cS  – area of midpoint section of the particle, m2 
Area of midpoint section of the particle is expressed as:  
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where cm  – weight of a single seed, kg; 

cR  – radius of a single seed, m; 

cρ  – seed density, kg / m3; 
With 2.7 in mind, the expression 2.6 will take the form: 

23
8
c с в в

A
c c

m C u
F

R
τ ρ

ρ
=     (4) 

Centrifugal component of the driving aerodynamic force:  
2 2цб

A с бF m Rα=                                    (5) 

where α  –  angle between the speed direction of point A when entering the distributor; 
бR  – radius of the seed distributor 

The strength of the aerodynamic grain drag: 

 
2 2 2( ) ( ) ( ) ( )

2
с в с в с в св
а c c в c z z y y x xF C S u u u u u u u u

ρ
= − − + − + −                   (6) 

where , ,в в в
z y xu u u  – components of the air flow velocity; 

, ,с с с
z y xu u u  – components of the grain velocity. 

The centrifugal force of Archimedes: 
2

ц в в c
A

c б

u m
F

R
ρ
ρ

= −                                    (7) 

Gravity: 

g cF m g=                                 (8) 

The lifting force of Archimedes: 

c в
арх

c

m g
F

ρ
ρ

= −                                       (9) 

where вu  – air velocity, m/s; 

cu  – seed velocity, m/s; 
u  – average air velocity, m/s; 
g  – acceleration of free falling m/s2; 
Force projections on the coordinate axis: 
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The forces c
aF , ц

AF , архF  have a negligible effect on the particle А and will not be taken 
into account in the further descriptions of the motion process, with this in mind, we will 
write a system of equations: 

0 0

0 0

0 0

cos cos( ) cos cos( )
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Substituting formulas 4, 5, 8 in the system of equations we get:  
2
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We exclude the mass of the seed cm from the equations and denote 
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We integrate expression 13 and get the particle velocity in the centrifugal seed 
distributor [2]:  
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Having integrated 14 by time t we receive: 
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              (15) 

To determine the integration constants in the particle А velocity equations, we 
substitute the value 15 of the initial conditions [2,8]: at 0t = : 0xV u=  
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                        (16) 

To determine the trajectory of the particle А , we integrate the system of equations 15 in 
time t : 
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      (17) 

To determine the integration constants in the equations of the particle А trajectory we 
substitute 17 in the values of the initial conditions: 0t = 17, 0 0x = , 0 0z =  , 0 бy R= − : 

0 0
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0 0
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0 0
2 2 2

cos cos( ) cos cos( )

cos sin cos sin )

sin cos( ) sin sin( )
0

x

y
б

z
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C
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ω ω
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                            (18) 

The values of integration constants calculated from expressions 16 and 18 are shown in 
table 1. 

Table 1. Constants of integration 

Constant of integration 
 1

xC  1
yC  1

zC  2
xC  2

yC  2
zC  

Value 0 0 0 0 0 0 
In the system of equations 17 describing the seed movement in the centrifugal seed 

distributor, the values of angles and coefficients were substituted [5]. 
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To analyze the nature of the particle Аmovement in the centrifugal seed distributor, 
graphs of changes in the particle coordinates from time (figure 4) were constructed for the 
specified parameters given in table 2. 

Table 2. Parameters of the centrifugal distributor 

Parameter Value 
Radius of the distributor бR , m 0,2 
Radius of inlet pipe r , m 0,04 
Air density вρ  1,22 
Specific seed density сρ  800 
Initial angle between the direction of absolute velocity of 
the point А and plane OXZ 0β , radian 0 

Angle between the direction of absolute velocity of the 
point А  and plane OXZ ; β , radian 0,122 

Angular coordinate of the point 1 1ϕ , radian  1,571 
Angular coordinate of the point 2 2ϕ , radian 0,6434 
Angular coordinate of the points 3,4 and 5 3,4,5ϕ , radian  0,927 

Height of the distributor h , m 0.8 
Velocity of seed movement u , m/s 15 
Initial angle between the direction of absolute velocity of 
the seed А  and the 0α  plane; the plane OXZ , radian 0 

Equivalent radius of seeds cr ,m 0,0019 
Coefficient of aerodynamic drag of a particle сC  0,21 

Using the specified values in the MathCad program, graphs of changes in the 
coordinates of point A by time t were constructed [6,7]. 

 
а – change of coordinates in the axis X ; б – change of coordinates in the axis Y ; change of 
coordinates in the axis Z  

Fig. 4. Coordinates of the particle from А in time t  
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The coordinates of the point along the axes X and Y over time (figure 4 a and b) are 
changed in a range equal to the radius бR of the seed distributor [8], and the point descends 
along the axis Z  (figure 4 c). 
 
Graphs of changes in the coordinates of points 2,3,4,5 are identical and are shown in 
Appendix A. In the MathCad program [9], seed trajectories were constructed in the 
centrifugal seed distributor (figure 5). The seed trajectories are spirals that are swirled 
around the Z-axis [10,11]. 

 
Fig. 5. Trajectory of seeds in a centrifugal seed distributor 

According to figure 5, the seeds move around the Z axis within the radius of the 
distributor бR and fall down the height of the distributor h , taking this into account, we 
rewrite the system of equations 17, equating the coordinates бx R= , бy R= and z h= : 

0 0
2 2

0 0
2 2

2
0 0

2 2

cos cos( ) cos cos( )

cos sin( ) cos sin( )

sin cos( ) sin sin( )
2

б

б

A t B t
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A t B t
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β α ω β ϕ ω
ω ω

β α ω β ϕ ω
ω ω
β α ω β ϕ ω

ω ω

+ + = − +


+ + = − +

 + +
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          (19) 

 The formula expressed from the first equation of the system 19: 
2

0
0

cos( )
cos( )

cos
бB t R

t
A A
ϕ ω ω

α ω
β

+
+ = −     (20) 

The formula 20 was substituted into the third equation of the system 19 and the equation 
was obtained: 

2
0

2
0

2 2

cos( )sin
cos sin sin( )

2

бB Сt RA
A A B tgth

ϕ ω
β

β β ϕ ω
ω ω

 +
− 
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Substitute the values A and B  in equation 21 to get: 
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 +
− 
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The resulting equation describes the relationship between the geometric and operating 
parameters of the centrifugal seed distributor, it is nonlinear, and is solved using a 
computer. 

3 Conclusions 
The proposed design and technological scheme of the seed distributor of a pneumatic grain 
seeder will increase the uniformity of the seed distribution along the seed pipes. Theoretical 
studies of the centrifugal seed distributor allowed us to obtain equations describing the 
process of seed movement in the centrifugal seed distributor of a pneumatic grain seeder. 
The relationship between the operating and design parameters of the centrifugal distributor 
is determined. A mathematical model of the technological process of operation of the 
centrifugal distributor of the grain pneumatic seeder of central dosing is developed, taking 
into account the design and operating parameters. 
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