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Abstract: For the ensuring of uniform grain supply the silo has to be equipped with various portioning devices. The feature of the most 
widespread locks is the fact that at each lock opening – closing, the grain is damaged. In the article the authors describe the experimental 
valve device consisting of two regulating shutters: vertical and rotary. The developed experimental valve device minimizes grain damage at 
each cycle of an opening - closing. The statistical mathematical model is developed considering the influence on grain consumption of 
unloading crack height and a rotation angle of a rotary shutter. The obtained results will be used in the development of the automatic control 
system of grain consumption. 
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1. Introduction 
For grain consumption control there are two types of locks 

which are the most widespread: rack and pinion gate and rotary 
valve. The peculiarity of these locks is that they disregard the 
difference of granular materials properties from the properties of 
ideal liquid. I.e., the same locks can be also applied to the water 
consumption regulation. 

Pressure from the granular materials upon the vertical and 
inclined planes according to the formulas of construction mechanics 
[1] differs from the hydrostatic pressure as in granular materials 
there is the internal friction coefficient that is different from the 
internal friction in liquids and gases, besides, there is a friction 
between a wall and freight and the discontinuity of the loading 
application – an emptiness between freight elements and other 
factors. Therefore at the rational design of a locking device (taking 
into account that granular materials have an angle of natural slip), 
for a change of a lock internal cross section it’ll take less energy. 

The feature of the most widespread locks is the fact that at each 
lock opening – closing, the grain is damaged. And the more opening 
- closing cycles, the more grain is damaged. In Vinnikov’s A.N. 
thesis. "Efficiency improvement of the regulation process of a self-
flowing grain stream by a flexible drift locks" [2] it is investigated a 
possibility of the considerable reduction of the damaged grain by 
the application of a flexible drift lock. At the same time the 
hypothesis is accepted that unlike the ideal liquids at certain tilt 
angle of a sliding surface, the expiration of granular materials stops 
at the expense of the friction forces. At all its advantages the 
flexible drift lock has one essential shortcoming – its length has to 
be at 7-13 times more its diameter. 

2. Research object 
The research object is the experimental valve device (EVD) for 

the grain consumption regulation [3] developed by the staff of the 
North Kazakhstan state university named after M. Kozybayev 
(figure 1). EVD has two regulating shutters: one vertical for the 
regulation of an unloading crack height from 0 to 80 mm (an 
unloading crack width is 260 mm), and one rotary – with the length 
of 100 mm and an angle of rotation (from vertical position) ranging 
from 0о (completely closed shutter) to 135о (completely open 
shutter). Both shutters are made of organic glass. The developed 
EVD minimizes the grain damage at each cycle of opening - closing 
and in comparison with Vinnikov’s A.N. flexible drift lock at the 
equal internal cross section has much smaller length that is the 
undoubted its advantage. 
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Fig. 1 Scheme of the experimental valve device. 

3. Experimental part 
2.1 Research of unloading crack height (in mm) influence on 

a rotation angle of a rotary shutter (in degrees) at which the 
grain continuous movement starts through unloading crack. 

Fig. 2 illustrates that the relationship between unloading crack 
height and a shutter rotation angle, at which the grain movement 
starts is nonlinear and it is well described by a polynom of the 
second degree:  

α = - 0.0069h2 + 0.0925h + 108.75, degrees.           (1)  

 Substituting the various values of the unloading crack height 
(in the range from 20 to 80 mm) in the received equation it is 
possible to calculate the corresponding angle of a shutter rotation at 
which the grain movement starts with a big reliability. If to set an 
angle of rotation less than it was calculated on a formula (1) (with 
this height of unloading crack), then the movement of grain will 
stop. 
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Fig. 2 The chart of relationship between unloading crack height and an 
angle of a shutter rotation. 

The provided experiments demonstrate that the grain movement 
through unloading crack, when lowering a rotary shutter, starts at 
the grain slope angle more than 32о – 34о. The grain movement is 
carried out when the grain slope angle is more than 32о– 34о, 
otherwise the grain movement stops. In figure 3 the grain slope 
angle is shown by the size 33о at three various values of unloading 
crack height and rotation angles of a rotary shutter calculated on a 
formula (1). 
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Fig. 3 Grain slope angle by the size 33 о at three various values of 
unloading crack height. 

2.2 Research of unloading crack height (in mm) influence on 
grain consumption through unloading crack (in t/h) at a 
completely open rotary shutter (an angle of rotation 135 о) 

Fig. 4 shows that the relationship between unloading crack 
height and grain consumption is linear and it is well described by 
the equation:  

Q = 0,3217h - 4,283, tons/hour.                              (2) 

 
Fig. 4 The chart of relationship between unloading crack height and grain 
consumption. 

Substituting the various values of unloading crack height (in the 
range from 20 to 80 mm) in the received equation it is possible to 
calculate grain consumption through an unloading crack with a big 
reliability. 

2.3 Research of a rotation angle of a rotary shutter (in 
degrees) influence on grain consumption through unloading 
crack (in tons/hour), with a height of unloading crack of 60 mm 

Fig. 5 illustrates that the relationship between shutter rotation 
angle and grain consumption is nonlinear and it is well described by 
a polynom of the second order (equation (3)):   

Q = 0.0054α2 – 0.8678α + 34.45, tons/hour.               (3) 

Substituting the various values of a shutter rotation angle (in the 
range from 90o to 135o) in the received equation it is possible to 
calculate grain consumption through an unloading crack with a big 
reliability. 

 
Fig. 5 The chart of relationship between shutter rotation angle and grain 
consumption. 

3. Mathematical model of a self-flowing grain stream 
process regulated by means of the experimental valve device 

Throughout the preliminary experiments the significant effect 
on grain consumption from the experimental valve device of such 
parameters as unloading crack height (h, mm) and a rotation angle 
of a rotary shutter (α, degrees) was established. Also, throughout the 
search experiments it was found that the loaded grain mass into 
EVD in the range from 3 to 9 kg doesn't influence on grain 
consumption from EVD value.  

Taking all this into account, when planning full-factorial 
experiment, only the unloading crack height and a rotation angle of 
a rotary shutter (Table 1) were considered as input parameters. 

Table 1:  Plan of experiment. 
№ α, degrees h, mm 
1 115 о 20 
2 115 о 50 
3 115 о 80 
4 125 о 20 
5 125 о 50 
6 125 о 80 
7 135 о 20 
8 135 о 50 
9 135 о 80 

According to the technique described in the work [4], the 
mathematical model is presented in the form of the generalized 
Protodyakonov’s semi-empirical equation: 

( ) ( )
9244.11

9337.01029.04784.3h3081.0Q −α⋅⋅−⋅
= , tons/hour.  (4) 

Substituting the various values h (in the range from 20 to 80 
mm) and α (in the range from 115о to 135о) in this mathematical 
model it is possible to calculate grain consumption at the self-
flowing expiration through an unloading crack of the experimental 
valve device with a high degree of reliability.  
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3. Results and discussion 
Throughout the experiments it has been established that the 

grain movement through an unloading crack starts at grain slope 
angle more than 32о – 34о. If at a rotary shutter raising the grain 
slope angle becomes less than 32о – 34о, then the grain movement 
stops. 

Equation was established that describes the relationship 
between the unloading crack height and a rotation angle of a rotary 
shutter at which the continuous movement of grain through an 
unloading crack starts. Substituting the various values of unloading 
crack height (in the range from 20 to 80 mm) in the received 
equation it is possible to calculate grain consumption through 
unloading crack with a high degree of reliability. 

The described mathematical model of the regulation process of 
self-flowing grain stream allows to calculate grain consumption for 
various values of h (in the range from 20 to 80 mm) and α (in the 
range from 115 о to 135 о) with a high degree of reliability. 

4. Conclusion 
The object of the research is the experimental valve device 

(EVD) for the grain consumption regulation [3]. EVD has two 
regulating shutters: one vertical for the regulation of unloading 
crack height from 0 to 80 mm, and one rotary – with an angle of 
rotation (from vertical position) ranging from 0 о (completely closed 
shutter) to 135 о (completely open shutter).  

Throughout the experiments it’s defined: 

A) The relationship between unloading crack height and a 
rotation angle of a rotary shutter at which the continuous movement 
(expiration) of grain through unloading crack starts; 

B) The relationship between unloading crack height and a 
consumption of grain through unloading crack at completely open 
rotary shutter; 

C) The relationship between a rotation angle of a rotary shutter 
and grain consumption through unloading crack with unloading 
crack height of 60 mm. 

Based on the results of the full-factorial experiment it’s 
developed the statistical mathematical model considering the 
influence on grain consumption of unloading crack height and a 
rotation angle of a rotary shutter. 

The obtained model will be useful for the development of the 
automatic control system of grain consumption by means of the 
experimental valve device. 
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