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THEORETICAL ASPECTS OF THE PROCESS OF CENTRIFUGAL GRAIN UNLOADING IN THE ELEVATOR OF COMBINE HARVESTERS
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The disadvantages of the lifting elevators of КZS-9-1 combine harvesters are imperfections of centrifugal unloading, as a result of which there is increase of energy for transportation, the degree of crushed and damaged grain increases, wear of the elevator's working members is accelerated. Based on theoretical studies, taking into account the oscillations of the chain transmission, it is offered to increase the unloading sectors to the condition that the grain transit time along the scraper and the time for the scraper of the discharge sector to coincide.
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Statement of the problem. Grain handling elevators quality combines PCM-10 and КZS -9 do not meet to modern requirements because there is incomplete unloading and as a corollary, – increased grain refinement, are not considered working conditions with little crop-threshing.

Analysis of studies and publications. Problems of theory and practice for improving the transport systems of agricultural machines have dedicated part of their studies such famous scientists as Zenkov R., Klenin V., Pogorelyj L., Sakun V., Lystopad G., Bosoi E. et al. However, the issue of increasing the quality of grain transportation scraper elevators under fluctuations in chain drives requires further improvement, however they are concentrated and focus on the study.
The purpose and objectives of research: development of measures and recommendations by reduction of grain damage during transport to the lifting elevator, it is an urgent problem as part of the modernization of the domestic combine harvester, so that the degree of scrutiny of the quality of grain transport these machines can improve the quality of transport systems of grain group.
Materials and methods of research. In carrying out these theoretical studies we used the methods of mathematical modeling.
The results of research. Many combine harvesters, both domestic and foreign production hoist elevator is mounted at an angle relative to the horizon. Calculated diagram forces acting on the grain in the upper part of the elevator, must take into account such an inclination (Pic. 1). Denoting 
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– the angle between the vertical axis and the longitudinal axis of symmetry of the elevator 
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 – the angle of inclination of the conveyor relative to the horizon. Then the angle 
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 will vary depending on: 
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 to characterize and change the direction of gravity with relation to the scraper, while the latter performs a rotational movement.
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Pic. 1. Diagram of the forces acting on a particle load to the scraper grain elevator in harvesters
To single grain do the forces act: 
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 – weight; 
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 – a normal reaction of the surface; 
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 – the force on the scraper grain friction by surface; 
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 – the centrifugal force of inertia; 
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 – force the air resistance that occurs when a relative motion of a scraper and acts in a direction opposite to such movement; 
[image: image11.wmf]2

кар

Fmv

=

 – force of Coriolis with perpendicular direction to the relative velocity and acting in the direction opposite to the direction of rotation of the disk. Let us take the Ox-axis directed along the surface of the scraper, but Oy-axis – perpendicular to this surface. The positive direction of movement is movement of grain up under the force scrapers. Since grain, movement will only be along the surface of the scraper, while the differential equation of motion in vector form as follows [2]:
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The general solution of the differential equation (2) is the sum of [1, 3, 4]:
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where
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 – the general solution of the homogeneous equation 
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– a partial solution of the inhomogeneous equation.
The general solution of differential equation as:


[image: image18.wmf](

)

(

)

12

  

1211

  cossin

tt

заг

ХСеСеAtBt

xx

=++-+-

.
(3)
In order to determine the estimated coefficients 
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 using the initial conditions
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where 
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For instance, combine harvesters for elevators РСМ-9 «Slavutych» solution composed of a differential equation takes the form:
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The working body of lifting elevator harvester type РСМ-10 or КZS-9 is the chain ТRD-38-4000-2 -2-6-6 GOST 4267-78 (chain length is from 4,5 m) with scrapers. The upper drive sprocket elevator has seven teeth. In operation of such conveyor chain link of the chain motion is determined by the hinge movement of the hinge engages with the drive sprocket, the chain speed is constant.
Chain velocity is maximum at a position at which the radius of the sprocket conducted through the hinge, is perpendicular with respect to the leading portion of chain (pic. 2). In an arbitrary angular position of the drive sprocket when the leading hinge returned perpendicular relative to the working part of the chain angle 
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, longitudinal chain speed:
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where

[image: image27.wmf]w

 – a constant angular velocity of the drive sprocket;
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 – chain arrangement of hinges radius (the pitch circle of the drive sprocket);
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 – rotation angle that varies from 
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Pic. 2. Scheme of the chain to the rationale velocity oscillations
Accordingly, the chain speed is changed from 
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Consider equation (2) the movement of grain for the scrapers elevator harvester of centrifugal unloading at given angular velocity oscillations:
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where 
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 – function of motion time 
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, which is defined as a periodic function:
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Now, equation (5) is regarded as linear, inhomogeneous differential equation of second order with periodic coefficients.
To solve this equation using the method of variation of arbitrary constants – Lagrange's method [1, 3, 4]. The total system of solutions to the equation (6) we find in the form:
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where
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[image: image46.wmf](

)

2

  20

xxxkf

ww

-++=

, which corresponds to equation (5), which are found in the form:
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where
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 – arbitrary constants;
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 – a function of time 
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 – positive roots of the characteristic equation of the homogeneous part of equation (6).
Then
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Equation (8) describes the movement of grain elevators scrapers for all positive values of a function 
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 characterizing the rotation unevenness of the upper drive sprocket. Integrands 
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Constants 
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 we find, using the initial conditions: 
[image: image59.wmf](

)

0

заг

Хr

=

 – the initial time grain fraction is located scrapers at the lowest possible distance from the axis of rotation of the upper elevator sprockets: 
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 design features cause that. The distance r is determined from the working drawing. 
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 – movement starts from standstill.
Picture 3 shows the movement diagrams of the grain elevator for example scrapers harvester КZS-9 «Slavutych» calculated on a PC, in order to compare the influence of variation in the rotation of the drive sprocket on the nature of the movement.
[image: image62.png]]
z
Z
z
H

5

%

——Haifripui ymosn possanTaxenna K 3 - 9 /

——Haiixpauii ymosu possantaxeria K3C -9

——Haifripuni yMoBH posBaHT Ak eHHA 3 ypaxyBaHaM Konusans (K3C-0)

—— Haiixpami ymosn possantaxenss s ypaxysasan xonusans (K3C-9)

/





Pic. 3. Diagram of the movement of grain servings scrapers elevator, designed by the example of the design parameters of the combine КZS-9 «Slavutych»
Conclusions from this study and the prospects for further research in this direction. By analyzing the diagram of grain movement by scrapers elevator with centrifugal unloading we can note:
1. Effect of heterogeneous parts of equation (2) describing the resistance to movement of the projection of gravity and grain friction force scrapers of gravity is negligible compared to the impact oscillations corner upper sprocket rotation speed of elevator in centrifugal discharge type.
2. Unevenness of grain movement of the scraper in removing from the upper sprocket center of rotation of the elevator is exponentially increased.
3. The angle of inclination relative to the vertical elevator affects slightly with respect to the process of centrifugal unloading.
4. Influence of change of scrapers grain elevator the friction coefficient 
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 determines the best and worst conditions unloading respectively characterizing the area between the curves of motion (pic. 3) with their limit values. 
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