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ABSTRACT  

The purpose of this work is a mathematical description of sieve frame structural and technological parameters 

necessary for the implementation of the technological process model of a grain cleaning machine operation. 

The paper presents the results of the study of the grain cleaning machine sieve frame operation. A kinematic 

study of a flat swivel multi-link mechanism of the grain cleaning machine sieve frame was made. The method 

of determining the coordinates of the sieve frame nodal points was developed to calculate their speed. 

Structural and technological parameters of the mechanism were also studied. 

 

АННОТАЦИЯ 

Цель данной работы − математическое описание структурных и технологических параметров 

решетного стана, необходимых для реализации модели технологического процесса работы 

зерноочистительной машины. В статье представлены результаты исследования работы 

решетного стана зерноочистительной машины. Проведено кинематическое исследование 

плоского шарнирного многозвенного механизма решетного стана зерноочистительной машины, 

для которого известны все геометрические размеры и закон движения ведущего звена. Приведена 

методика определения координат узловых точек решетного стана для расчета скорости их 

движения, а также исследование конструктивно-технологических параметров механизма. 

 

INTRODUCTION 

Today, grain cleaning machines with a sieve cleaning system are dominant means of removing 

impurities from food and seed grain (Dorokhov et al., 2018; Ma et al., 2018; Okunola et al., 2018; Vasylkovskyi 

et al., 2019). Design of grain cleaning machines with such a working body is rather simple, easy to use, the 

most universal and popular in agricultural production (Ma et al., 2018; Okunola et al., 2018; Popov et al., 2015; 

Shevtsov and Beznosov, 2014; Vasylkovskyi et al., 2019). The separation of grain heap on sieves occurs 

according to geometric parameters, i.e. according to seed thickness and width. Thickness is the smallest 

geometric size of a single seed (of an ellipsoid shape), and the width is the average grain size (Steponavičius 

et al., 2008; Vasylkovskyi et al., 2019). Grain material is split by width on sieves with round holes: grains, the 

width of which is less than the diameter of the sieve holes, pass through them (passage), and large grains are 

thrown out from the sieve (descent). By thickness, grain material is split on the sieve with oblong holes. Sieve 

frames are usually sprung (with flexible springs). The springs make oscillatory motion provided by crank gear. 

Sieve frame oscillation frequency varies from 420 to 500 min-1, oscillations amplitude A = 7.5...15 mm, canting 

angle is equal to 5...8 degrees (Okunola et al., 2018; Popov et al., 2015; Shevtsov and Beznosov, 2014; Singh 

et al., 2017). The sieves are mainly installed as follows: first sieves for large impurities separation are installed, 

and then sieves for small impurities separation are placed (i.e. for feeble and crushed grain). To increase 

productivity sieves are arranged by parallel tiers. Grain crops have an ellipsoidal shape (Fominykh, 2006; 

Kornev, 2015; Kundu and Gupta, 2014; Voicu et al., 2008). 

Most of crop production area of the Russian Federation is used for small grains and pulse crops (about 

60%). The most common crops are wheat, barley, rye and oats. According to statistical data of the Ministry of 

Agriculture of the Russian Federation the record bulk yield of wheat during the last three years was in 2017 

and made 85 Mt (the weight of wheat after cleaning). 
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To improve the efficiency of grain separation process carried out using sieve frames, it is necessary to 

know the laws of sieve frame drive system operation, as well as structural and technological parameters of the 

links of a sieve mechanism. Service properties of sieve system grain cleaning machines do not fully meet the 

increasing requirements of modern agricultural production. Imperfect design results in vibration and bad 

separation of grain heap (Popov et al., 2015; Singh et al., 2017; Steponavičius et al., 2008). Vibration in its 

turn negatively affects the design of the grain cleaning machine and destroys its driving gear. There are many 

difficulties during the technological process of grain sieving connected with a wide range of cultures, various 

geometrical sizes and physical and mechanical parameters of seeds, on which the sieve selection depends. 

The interaction process of separated materials’ components with the working bodies of the machine is also 

rather complicated.  

Another difficulty of the grain sieving process is insufficient development of its theoretical framework as 

well as of the justification methods of machines parameters and their operating modes (Fominykh, 2006; 

Giyevskiy et al., 2018; Kornev, 2015; Singh et al., 2017; Tarasenko et al., 2012; Vasylkovskyi et al., 2019). In 

this regard, there is a need to improve both the theory of separation and the design of grain cleaning machines’ 

sieve frames (Dorokhov et al., 2018; Fominykh, 2006; Kornev, 2015; Mudarisov and Badretdinov, 2008; 

Steponavičius et al., 2008; Tarasenko et al., 2012). 

The purpose of this study is to develop a mathematical model of the functioning of kinematic mechanism 

of the grain cleaning machine sieve frame, to determine the coordinates of the sieve mechanism node points, 

as well as the links velocity and acceleration, to establish a scientific rational for the kinematic parameters of 

a sieve frame and a grain heap to implement a mathematical model for the technological process of the grain 

cleaning machine sieve frame operation taking into account its structural and technological parameters. 

 

MATERIALS AND METHODS 

The Froude number is one of the most important functional parameters for estimating grain material 

movement on the sieve surface. It reflects the ratio of forces acting on a single seed lying on the sieve, the 

sieve oscillations amplitude and gravity (Savinyh et al., 2018; Steponavičius et al., 2008). 

Let us consider a design model used to determine the coordinates of the sieve frame nodal points of the grain 

cleaning machine ZVS-20 (The constructive parameters of the mechanism, m: OA = OA1 = 0.01, AB = 0.45, 

A1B1 = 0.5, O1B = O2C = O3B1 = O4C1 = 0.355, BC = 1.758, B1C1 = 1.764) necessary to calculate their speed 

and inertia forces acting on grain heat components on the sieve (Figure 1). 

 
Fig. 1 - Design model of the grain cleaning machine sieve frame 

 

Let hk and lk be the coordinates of anchor poles Ok, k = 1, 2, 3, 4. Right-handed Cartesian coordinate 

system will be taken as the reference frame. The origin of the coordinate system is located in the sieve frame 

drive shaft marked as point O. We plot the sieve frame nodal points to compose the equations of geometric 

relations, trajectories of which are known: А, В, С, А1, В1, С1. These points move round radii circles ОА, О1В, 

О2С, ОА1, О3В1, О4С1 OA, O1B, O2C, OA1, O3B1, and O4C1 respectively. Point A simultaneously belongs to 

the crank OA and to the connecting rod AB. The crank OA of radius r (r = OA = OA1) makes a rotational motion 

and accordingly the motion law of point A is known. Point A at time t, depending on the rotation angle value of 

the driving link φ (t) has coordinates: 

𝑥А = 𝑟 ∙ cos𝜔0𝑡,   𝑦А = 𝑟 ∙ sin𝜔0𝑡    (1) 

The motion law of the driving link of the mechanism: 

𝜑(𝑡) = 𝜔0𝑡, 
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Point B belongs simultaneously to the connecting rod AB and the crank O1B. Point C belongs to the 

connecting rod BS and to the crank O2C. Three independent parameters are necessary to describe plane 

motion of the sieve frame nodal points. They are: the x, y coordinates of the point and the rotation angle φ 

around this pole. The position of a planar figure in its plane at any given time can be completely determined 

by the time functions. It is called the equations of the planar figure motion: 

𝑥А = 𝑥А(𝑡),  𝑦А = 𝑦А(𝑡),  𝜑 = 𝜑(𝑡)   (2) 

The position of a planar figure (sieve frame) in its plane is determined by the position of its two points. 

As base points in the equations of geometric relations we take points B and C (Figures 2, 3). 

 
Fig. 2 - Vector paths for finding point B 

 

 
Fig. 3 - Vector paths for finding point C 

 

We project vectors on the coordinate axes Ox and Oy to obtain the equations of geometric relations of 

the links of the sieve mechanism. 

𝑂𝐴 cos(𝜑) + 𝐴𝐵 cos(𝜑1) = 𝑙1 + 𝑂1𝐵 cos(𝜑2) 

𝑂𝐴 sin(𝜑) + 𝐴𝐵 sin(𝜑1) = ℎ1 + 𝑂1𝐵 sin(𝜑2) 

  𝑙1+𝑂1𝐵 cos(𝜑2) + 𝐵𝐶 cos(𝜑3) = 𝑙2 + 𝑂2𝐶 cos(𝜑4)                (3) 

 ℎ1+𝑂1𝐵 sin(𝜑2) + 𝐵𝐶 sin(𝜑3) = ℎ2 + 𝑂2𝐶 sin(𝜑4) 
To obtain the equation of geometric relations in a coordinate form we transfer the summands with 

unknown functions to one side: 

𝐴𝐵 cos(𝜑1) − 𝑂1𝐵 cos(𝜑2) = 𝑙1 −𝑂𝐴 cos(𝜑), 

 𝐴𝐵 s𝑖𝑛(𝜑1) − 𝑂1𝐵 sin(𝜑2) = ℎ1 − 𝑂𝐴 sin(𝜑)   (4) 

In equations (3) the given function is the law of a driving link φ(t).  

The calculated functions of time are: φ1(t), φ2(t), φ3(t), φ4(t). 
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We solve the system of nonlinear equations (3) using the analytical method, and thus obtain expressions 

for the required functions in parametric form.  

To determine the movement of the links of the sieve frame mechanism we write down the equations for 

point B: 

𝐴𝐵 cos(𝜑1) − 𝑂1𝐵 cos(𝜑2) = 𝑙1 −𝑂𝐴 cos(𝜑) = −𝑂1𝐴 cos 𝛼 

𝐴𝐵 s𝑖𝑛(𝜑1) − 𝑂1𝐵 sin(𝜑2) = ℎ1 − 𝑂𝐴 sin(𝜑) = −𝑂1𝐴 sin 𝛼. (5) 

where O1A cosα and O1A sinα is a projection of the vector pO1A onto a coordinate axis. 

𝑂1𝐴 = √(𝑂1𝐴 𝑐𝑜𝑠𝛼)2 + (𝑂1𝐴 𝑠𝑖𝑛𝛼)2 = √𝑂𝑂1
2 + 𝑂𝐴2 − 2 ∙ 𝑂𝐴 ∙ 𝑂𝑂1 cos(𝜑 − 𝛽)    (6) 

𝑂𝑂1 = √ℎ1
2 + 𝑙1

2, 𝛽 = 𝑎𝑟𝑐𝑡𝑔 (
ℎ1

𝑙1
) module and direction of the vector rO1 

𝐴𝐵𝑐𝑜𝑠 (𝜑1) = 𝑂1𝐵 cos(𝜑2) − 𝑂1𝐴 cos 𝛼, 

𝐴𝐵𝑠𝑖𝑛 (𝜑1) = 𝑂1𝐵 sin(𝜑2) − 𝑂1𝐴 sin 𝛼.                    (7) 

We square both sides of the equation and sum the first with the second, using trigonometric formulas, 

we get: 

𝐴𝐵2 = 𝑂1𝐵
2 + 𝑂1𝐴

2 − 2 ∙ 𝑂1𝐵 ∙ 𝑂1𝐴 ∙ 𝑐𝑜𝑠(𝜑2 − 𝛼) 

𝜑2 = 𝛼 + 𝑎𝑟𝑐𝑐𝑜𝑠 (
𝑂1𝐵

2+𝑂1𝐴
2−𝐴𝐵2

2∙𝑂1𝐵∙𝑂1𝐴
)       (8) 

We rewrite equation (4) to find the angular coordinate φ1: 

𝑂1𝐵 cos(𝜑2) =𝐴𝐵𝑐𝑜𝑠 (𝜑1)+ 𝑂1𝐴 cos 𝛼, 

𝑂1𝐵 sin(𝜑2) =𝐴𝐵𝑠𝑖𝑛 (𝜑1)+ 𝑂1𝐴 sin 𝛼. 

𝑂1𝐵
2 = 𝐴𝐵2 + 𝑂1𝐴

2 + 2 ∙ 𝐴𝐵 ∙ 𝑂1𝐴 ∙ 𝑐𝑜𝑠(𝜑2 − 𝛼), 
The final form of the angular coordinate φ1 is: 

𝜑1 = 𝛼 + 𝑎𝑟𝑐𝑐𝑜𝑠 (
𝑂1𝐵

2−𝑂1𝐴
2−𝐴𝐵2

2∙𝐴𝐵∙𝑂1𝐴
)     (9) 

Since the links of the sieve mechanism are suspended in parallel, the angular coordinate φ2 = φ4.  

The remaining unknown values of the equation system (3) are found on the same model. 

𝑙1+𝑂1𝐵 cos(𝜑2) + 𝐵𝐶 cos(𝜑3) = 𝑙2 + 𝑂2𝐶 cos(𝜑4) 

ℎ1+𝑂1𝐵 sin(𝜑2) + 𝐵𝐶 sin(𝜑3) = ℎ2 + 𝑂2𝐶 sin(𝜑4) 

𝜑3 = −𝑎𝑟𝑐𝑐𝑜𝑠 (
𝑙2−𝑙1+𝑂2𝐶 cos(𝜑4)−𝑂1𝐵 cos(𝜑2)

𝐵𝐶
)        (10) 

We differentiate with respect to time the equations of geometric connections (3) to determine the angular 

velocities of the links of the sieve frame mechanism. 

−𝐴𝐵 ∙ sin(𝜑1)𝜔1 𝑂1𝐵 ∙ sin(𝜑2)𝜔2 0 0 = 𝑂𝐴 ∙ sin(𝜑)𝜔0 ,

𝐴𝐵 ∙ cos(𝜑1)𝜔1 −𝑂1𝐵 ∙ cos(𝜑2)𝜔2 0 0 =−𝑂𝐴 ∙ cos(𝜑)𝜔0,

0 −𝑂1𝐵 ∙ sin(𝜑2)𝜔2−𝐵𝐶 ∙ sin(𝜑3)𝜔3 𝑂2𝐶 ∙ sin(𝜑4)𝜔4 = 0,

0 𝑂1𝐵 ∙ cos(𝜑2)𝜔2 𝐵𝐶 ∙ cos(𝜑3)𝜔3 −𝑂2𝐶 ∙ cos(𝜑4)𝜔4= 0.

   (11) 

The system of equations (8) is represented in matrix form: 

𝐴 ∙ 𝑋𝜔 = 𝐵,      (12) 

where A is the matrix of coefficients of the left parts of the equations; Xω is the vector of unknown angular 

velocities of the links; B is the vector of the right parts of the equations. 

𝐴 = (

−𝐴𝐵 ∙ sin(𝜑1) 𝑂1𝐵 ∙ sin(𝜑2) 0 0
𝐴𝐵 ∙ cos(𝜑1) −𝑂1𝐵 ∙ cos(𝜑2) 0 0

0 −𝑂1𝐵 ∙ sin(𝜑2) −𝐵𝐶 ∙ sin(𝜑3) 𝑂2𝐶 ∙ sin(𝜑4)
0 𝑂1𝐵 ∙ cos(𝜑2) 𝐵𝐶 ∙ cos(𝜑3) −𝑂2𝐶 ∙ cos(𝜑4)

) 

𝑋𝜔 = [

𝜔1
𝜔2
𝜔3
𝜔4

],   𝐵 = [

𝑂𝐴 ∙ sin(𝜑)𝜔0
−𝑂𝐴 ∙ cos(𝜑)𝜔0

0
0

]     

The solution of the equations (9) has the following form: 

𝑋𝜔 = 𝐴
−1 ∙ 𝐵                     (13) 
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To determine the angular accelerations of the links of the sieve frame mechanism we will differentiate 

with respect to time equation (8) and obtain a system of equations in matrix form: 

𝐴 ∙ 𝑋𝑎 = 𝐶      (14) 

where C is the vector of the right parts of the equations. 

Solution of the equations (11) allows us to determine the angular acceleration of the links of the sieve 

frame mechanism. It has the following form: 

𝑋𝑎 = 𝐴
−1 ∙ 𝐶                   (15) 

𝐶 =

(

 
 

𝑂𝐴 cos(𝜑)𝜔0
2 + 𝐴𝐵 cos(𝜑1)𝜔1

2 − 𝑂1𝐵 cos(𝜑2)𝜔2
2

𝑂𝐴 sin(𝜑)𝜔0
2 + 𝐴𝐵 sin(𝜑1)𝜔1

2 − 𝑂1𝐵 sin(𝜑2)𝜔2
2

−𝑂1𝐵 cos(𝜑2)𝜔2
2 − 𝐵𝐶 cos(𝜑3)𝜔3

2 + 𝑂2𝐶 cos(𝜑4)𝜔4
2

−𝑂1𝐵 sin(𝜑2)𝜔2
2 − 𝐵𝐶 sin(𝜑3)𝜔3

2 + 𝑂2𝐶 sin(𝜑4)𝜔4
2
)

 
 

 

We determine velocities and accelerations of the nodal points of the sieve frame mechanism using 

Figures 2, 3, and taking into account that the vector modules are constant and their derivatives with time can 

be determined using Euler formula: 

�̇� = 𝜔 × 𝑟      (16) 

We find the velocities of the nodal points of the sieve frame mechanism: 

𝑣𝐴 = 𝜔0 × 𝑟𝐴,  𝑣𝐵 = 𝜔2 × 𝜌𝐵 ,,   𝑣𝐶 = 𝜔4 × 𝜌𝐶 .      (17) 

Having differentiated with respect to time expression (14), we find the acceleration of these points: 

𝑎𝐴 = 𝜔0 × (𝜔0 × 𝑟𝐴),  𝑎𝐵 = 𝜀2 × 𝜌𝐵 + 𝜔2 × (𝜔2 × 𝜌𝐵), 

𝑎𝐶 = 𝜀4 × 𝜌𝐶 + 𝜔4 × (𝜔4 × 𝜌𝐶).    (18) 

Equations (8-10, 13, 15, 17, 18) are a mathematical model of a kinematic mechanism of the grain 

cleaning machine scalping frame. This model allows determining the coordinates of the nodal points, their 

speed and acceleration. A similar method is used to determine the coordinates of the nodal points, their speed 

and acceleration for the lower sieve, which works in the opposite direction of the upper sieve. (Badretdinov et 

al., 2017; Bertiaev, 2005). 

 

RESULTS 

Included in Tables 1, 2 are basic physical and mechanical properties and statistical analysis of geometric 

parameters of grain heap before cleaning. To analyse the physical and mechanical properties of the grain 

material, certain fresh crop samples harvested at a normal amount of moisture were taken. Geometric 

parameters were measured using a micrometre MK 0-25, the inherent error of the device being ±0.01 mm. 

The amount of sampling of the grain heap components was 100 pieces. The mass of a single seed-beetle was 

determined using electronic jewellery scale A 03 with accuracy class of ±0.001 g. 

Table 1 

Statistical analysis of geometric parameters of grain heap (“Vatan” wheat variety) 

Parameter Minimal Maximal 
Average 

value, X 

Dispersion,  

σ2 

Squared error 

distance, σ 

Variation,  

v 

Grain heap (before cleaning) 

Length l, mm 1.11 28.1 10.77 39.8 6.31 58.59 

Thickness a, mm 0.30 9.5 2.11 1.80 1.34 63.57 

Width в, mm 1.40 5.7 3.53 1.02 1.01 28.64 

Equivalent 

diameter, de, mm 
0.72 5.41 2.59 - - - 

Table 2 

Statistical analysis of the mass of a single seed beetle (“Salavat Iulaev” wheat variety) 

Parameter Minimal Maximal 
Average 

value, X 

Dispersion, 

σ2 

Squared error 

distance, σ 

Variation, 

v 

Standard error 

of the mean 

Weight 

[g] 
0.012 0.08 0.036 0.0001 0.0105 29.32 0.0011 

 

Experimental studies of the grain heap show (Tables 1, 2) that grain heap is inhomogeneous and has a 

wide range of both physical and mechanical and geometric parameters (Casandroiu et al., 2009; Ermolev, 

2010; Fominykh, 2006; Saitov et al., 2016).  
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Variation coefficient v in respect to thickness is 63.57%, and 28.64% in respect to width. This greatly 

complicates the process of a proper sieve selection. The mass of a single grain is taken into account when 

determining the inertial force, judging by the coefficient of variation v = 29.32% varying in a wide range. 

Conditions for moving the components of the grain heap downward the oscillating sieve frame. If the 

components of the grain material move downward the sieve, inertial force, acting on the individual seeds, will 

be directed downwards, the force of friction on the sieve will be directed upwards along the sieve surface, the 

force of gravity - downward, and the normal sieve reaction - upward and perpendicular to the sieve surface. 

By the direction of the forces acting on the grain heap components, the nature of their movement trajectory by 

the oscillating sieve surface can be defined. The mode of movement of the grain components by the sieve is 

selected in the following way: the time of the heap component particles contact with the sieve should be 

maximum, which ensures more efficient separation. At the same time, to improve the performance of the grain 

cleaning machine, the speed of the grain material movement by the sieve should also be maximum. 

Apparently, these requirements contradict each other. Thus, optimization problem should be solved. 

One of the most important functional parameters of a layer on the surface of the sieve is the Froude 

number expressing the ratio of the forces acting on a particle lying on the sieve, oscillation amplitude of the 

sieve and gravity. This number can be expressed as follows 

𝐹𝑟 =
𝑟𝜔2

g
,      (19) 

where r is the radius of the crank (r = 0.01 m); ω is the angular velocity of the crank drive shaft (ω = 425...475 

min-1); g is the acceleration of free fall, m/s2. 

Visualization of trajectories of speed and acceleration movement of the links, which were received 

according to the results of modeling and calculation performed with the use of Mathcad program, is presented 

in Figures 4, 5. 

 
Fig. 4 - Graph of changes in speed (rad/s) of the links of the grain cleaning machine sieve frame 

 
Fig. 5 - Graph of changes in the acceleration (rad/s2)  of the links of the grain cleaning machine sieve frame 
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In Figure 4 acceleration of the scalping frame links are marked by unbroken lines. Acceleration of the 

bottom frame links are marked by dotted lines. As one can see, they work in inversed manner. There are also 

small deviations: the speed of the bottom sieve frame link is slightly higher than the speed of the scalping 

frame link. Due to that, the technological operation process is accompanied by vibration. 

The analysis of Figure 5 is similar to the graph of changes in speed of the sieve frame mechanism links. 

There are also small deviations: the acceleration of the bottom sieve frame link is slightly higher than the 

acceleration of the scalping frame link. That can be a possible cause of vibration. 

Figure 6 shows a kinematic diagram of the sieve frame mechanism and a scaled illustration of speed 

and acceleration vectors at nodal points. When the scalping frame moves to the right, the bottom frame moves 

to the left. This is proved by the calculation results and shown by vectors directions. 

 
Fig. 6 - Plotting of a sieve frame mechanism, speed and acceleration vectors 

 

Figure 7 shows that speed vectors are perpendicular to the crank and directed down the mechanism 

rotation. Acceleration vectors are directed down the crank. 

 
Fig. 7 - Visualization of the sieve frame crank (drive) trajectory, speed and acceleration vectors 

 

Figures 8 and 9 show the plans of speeds and accelerations, respectively, at arbitrary values of the 

angle of rotation of the crank drive. Depending on the time, you can build such plans of speeds and 

accelerations for any position (angle of rotation) of the crank. The velocity (acceleration) diagram is a diagram 

which in real time captures vectors representing a module and a direction of motion of multiple links in the 

mechanism. The velocity diagram has the following properties: the segment connecting the tips of the velocity 

vectors of any two points of the body, perpendicular to the line connecting corresponding points of the body; 

the lengths of segments connecting the ends of the velocity vectors of body points, the proportional length of 

the segments connecting corresponding points.  

The plan of speeds (accelerations) allows solving graphically the problems of determination of body 

points’ speeds (accelerations), and is the most widespread graph-analytical method of research. In this case, 

the larger the selected scale, in which the vectors of velocities (accelerations) of body points are constructed, 

the more accurately the problem is solved.  



Vol. 60, No. 1 / 2020  INMATEH – 

 

26 

 
Fig. 8 - Plotting of velocity diagram at a selected value of the crank angle 

 

 
Fig. 9 - Plotting of the acceleration diagram at a selected value of the crank rotation angle 

 

Experimental data got during the study of the grain heap components to be cleaned show the distribution 

of physical-mechanical and geometric parameters, which vary sufficiently over a wide range. This is proved by 

their variation coefficients (table 1 and 2). This primarily affects the sieving process, makes the correct selection 

of sieves difficult, reduces productivity, and affects grain cleaning efficiency. 

Other scientists note the same in their studies (Dorokhov et al., 2018; Ma et al., 2018; Okunola et al., 2018; 

Singh et al., 2017; Vasylkovskyi et al., 2019). In addition to geometric parameters,  separation efficiency is 

also affected by other properties (clogging, humidity) (Kornev, 2015; Mudarisov et al., 2009, 2017; Okunola et 

al., 2018; Vasylkovskyi et al., 2019). 

Modeling and study of the sieve frame kinematic mechanism makes it possible to determine the 

coordinates of the nodal points, links speed and acceleration, as well as to identify and optimize the problem 

areas, choose the right design and technological parameters. 

Using this method after simulating and calculating the model of a real grain cleaning machine sieve 

frame on the example of ZVS-20, problem areas were identified, which is confirmed by vibration. These 

problems can be solved by changing the design parameters. 

Using this modeling method makes it possible to improve the design and technological parameters of 

grain cleaning machines with a sieve cleaning system without significant effort and cost. 
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CONCLUSIONS 

A mathematical model of the kinematic scheme of the grain cleaning machine sieve frame was 

developed. During the study, coordinates of the nodal points of the grain cleaning machine sieve frame were 

developed, their movement speed and acceleration plans were plotted. A mathematical model of the kinematic 

operation scheme of the grain cleaning machine sieve frame was designed. Froude number for a sieve frame 

Fr = 0,05 0,062... was determined. This value characterizes the ratio between inertial forces and gravity, in the 

field of which the components of a cleaned culture move. According to generally accepted classification, Fr < 

1 means a quiet fluency. According to the results of modeling and calculation made on the example of the 

most common grain cleaning machine ZVS-20, its problem areas and imperfections of structural and 

technological parameters were identified. The proposed method of simulation of grain cleaning machines with 

a sieve cleaning system makes it possible to study the drive mechanism kinematics and the process of 

separation by flat oscillating working bodies, to analyse the contact degree of particles of grain heap 

components with the sieve, to identify problem areas and improve the design and technological parameters of 

the sieve frame of any grain cleaning machine. The model can be used many times, without requiring 

investment for its manufacturing and laboratory tests. Correct operation modes of the separation process can 

be chosen for different crops. 

 

REFERENCES 

[1] Badretdinov I., Mudarisov S., Lukmanov R., Permyakov V., Ibragimov R., Nasyrov R., (2017), 

Mathematical modeling and research of the work of the grain combine harvester cleaning system. 

Computers and Electronics in Agriculture, Vol.165, No.104966; 

[2] Bertiaev V.D., (2005), Theoretical mechanics on the basis of Mathcad. Practicum: Textbook 

(Теоретическая механика на базе Mathcad. Практикум). St. Petersburg. BHV pbl., St. Petersburg, 

(in Russian); 

[3] Casandroiu T., Popescu M., Voicu G., (2009), Developing a mathematical model for simulating the 

seeds separation process on the plane sieves. Scientific Bulletin-University Politehnica of Bucharest, 

Series D, Vol.71, No.3, pp.17-28; 

[4] Dorokhov A., Khamyev V., Lepeshkin K., (2018), Modernization of grinding machines of grain cleaning 

machines. MATEC Web of Conferences, Vol.224, No.05009; 

[5] Ermolev Yu.I., (2010), Modeling of air-screen grain cleaning machine (Моделирование 

зерноочистительной машины с воздушным ситом). Bulletin of Dagestan State Technical University, 

Vol.10, No.8, pp.1245-1254; 

[6] Fominykh A.V., (2006), Increase in the efficiency of grain and soy separation on the basis of 

improvement of fractional technologies and machines (Повышение эффективности сепарирования 

зерна и сои на основе совершенствования фракционных технологий и машин). Ph.D. thesis in 

Technical Sciences. Cheliabinsk; 

[7] Giyevskiy A.M., Orobinsky V.I., Tarasenko A.P., Chernyshov A.V., Kurilov D.O., (2018), Substantiation 

of basic scheme of grain cleaning machine for preparation of agricultural crops seeds. IOP Conference 

Series Materials Science and Engineering, Vol.327, No.042035. 

[8] Kornev A.S., (2015), Improving the efficiency of grain separation using flat screens of grain cleaning 

machines (Повышение эффективности сепарации зерна на плоских решетах 

зерноочистительных машин). Ph.D. thesis in Technical Sciences. Voronezh; 

[9] Kundu D., Gupta A.K., (2014), On bivariate Weibull-geometric distribution. Journal of Multivariate 

Statistics, Vol.123, pp.19-29; 

[10] Ma L., Song X., Wang H., Xu X., Han T., Guo H., (2018), Screening Kinematics Analysis of Cleaning 

Organs and Extractives. IOP Conference Series Materials Science and Engineering, Vol.452, 

No.042123; 

[11] Mudarisov S., Khasanov E., Rakhimov Z., Gabitov I., Badretdinov I., Farchutdinov I., Galliamov F., 

Davletshin M., Aipov R., Jarullin R., (2017), Specifying Two-Phase Flow in Modeling Pneumatic Systems 

Performance of Farm Machines. Journal of Mechanical Engineering Research and Developments, 

Vol.40, No.4, pp.706-715; 

[12] Mudarisov S.G., Badretdinov I.D., (2008), Improvement of technological lines for post-harvest 

processing of grain in farms (Оптимизация параметров пневматической системы 

зерноочистительной машины). Proceedings of the XLVII International Scientific and Technical 

conference dedicated to the 100th birth anniversary of I. E. Ullman, pp.28-33; 



Vol. 60, No. 1 / 2020  INMATEH – 

 

28 

[13] Mudarisov S.G., Rakhimov Z.S., Badretdinov I.D., Akbatyrov A.V., Farkhutdinov I.M., (2009), 

Modernization of technological lines of grain processing taking into account economic conditions 

(Модернизация технологических линий переработки зерна с учетом хозяйственных условий). In 

the collection of articles: Scientific support of sustainable functioning and development of agriculture. 

Proceedings of All-Russian Scientific and Practical conference with international participation (in the 

framework of the 19th International Specialized exhibition “AgroComplex-2009”), pp.122–126; 

[14] Okunola A.A., Isaac-Bamgboye A., Olayanju A., Osueke Ch.O., Alhassan E.A., (2018), Development of 

a rice cleaner cum grader for cottage industry processors in Nigeria. International Journal of Mechanical 

Engineering and Technology, Vol.9, No.11, pp.2339-2351; 

[15] Popov I.P., Chumakov V.G., Terentev A.D., (2015), Reduction of drive power of sieve frame grain 

cleaning machines. Scientific and technical Bulletin of St. Petersburg State Polytechnic University, Vol.2, 

No.219, pp.175-181; 

[16] Saitov V.E., Kurbanov R.F., Suvorov A.N., (2016), Assessing the Adequacy of Mathematical Models of 

Light Impurity Fractionation in Sedimentary Chambers of Grain Cleaning Machines. Procedia 

Engineering, Vol.150, pp.107–110; 

[17] Savinyh P., Sychugov Y., Kazakov V., Ivanovs S., (2018), Development and theoretical studies of grain 

cleaning machine for fractional technology of flattening forage grain. 17th International Scientific 

Conference Engineering for Rural Development, pp.124-130; 

[18] Shevtsov I.B., Beznosov, V.A., (2014), Drive unit of the sieve frame of grain cleaning machines 

(Приводное устройство решетных станов зерноочистительных машин). Agrarian Bulletin of the 

Urals, Vol.2, No.120, pp.43-45; 

[19] Singh K.P., Agrawal K.N., Hota S., Potdar R.R., Tiwari P.S., (2017), Effect of moisture content on 

physical properties of finger millet (eleusine coracana). Agricultural Mechanization in Asia, Africa and 

Latin America, Vol.48, No.4, pp.24-32; 

[20] Steponavičius D., Špokas L., Petkevičius S., (2008), The influence of position of the first straw walkers 

section on grain separation. Agronomy Research, Vol.6, pp.377-385; 

[21] Tarasenko A.P., Orobinsky V.I., Gievsky A.M., Merchalova M.E., (2012), Improvement of mechanization 

means for receiving qualitative grain (Совершенствование средств механизации для получения 

качественного зерна). Bulletin of the Voronezh State Agrarian University, Vol.3, No.34, pp.109-115; 

[22] Vasylkovskyi O., Vasylkovska K., Moroz S., Sviren M., Storozhyk L., (2019), The influence of basic 

parameters of separating conveyor operation on grain cleaning quality (Вплив основних параметрів 

роботи транспортера-сепаратора на якість очищення зерна). INMATEH - Agricultural Engineering, 

Vol.57, No.1, pp.63-70; 

[23] Voicu G., Casandroiu T., Tarcolea C., (2008), Testing stochastic models for simulating the seeds 

separation process on the sieves of a cleaning system and a comparison with experimental data. 

Agriculturae Conspectus Scientificus, Vol.73, No.2, pp.95-101. 


