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Abstract. The main lever for the production of an environmentally friendly product and an 

increase in crop yields, as well as a constant increase in soil fertility, as shown by domestic and 

foreign experience, is the use of organic fertilizers. At present, for all agricultural crops, 

including melons and gourds, organic fertilizers are mainly applied for plowing with manure 

spreaders. However, in relation to melon crops, such application technology is both irrational 

and uneconomical. This is explained by the fact that melons and gourds are cultivated on wide 

(from 1.8 m to 4.0 m) aisles. Therefore, when spreading (continuous) method of application, a 

significant part of the manure is not used by plants. Consequently, one of the main tasks of 

agricultural science is the creation of fundamentally new technological processes and machines 

that provide a significant increase in the efficiency of fertilizer use. Theoretical studies were 

carried out using the general laws of mechanics, mathematical modeling, taking into account 

the technological features of the application process and the physical and mechanical properties 

of manure. Studies show that the speed of the manure mass lags behind the speed of the 

spreader's chain-slat conveyor, therefore, when calculating the productivity, a correction factor 

Ko = 0.5 ... 0.6 should be introduced. The lower value corresponds to the minimum feed and 

the upper limit to the maximum. To divide the manure flow into three equal parts, it is 

necessary to install the dividers at a height of 0.64 m and the speed of the belt conveyor in the 

range of 0.25 ... 0.44 m / s. 

1.  Introduction 

Currently, agronomic science and best practices have proven that one of the rational ways to use 

fertilizers is to apply them in rows, nests or wells, i.e. locally. Fertilization is an integral part of plant 

nutrition, it covers a wide range of issues related to the optimal location of all types of fertilizers in the 

soil to ensure maximum satisfaction of plant needs at various points of the growing season [1, 2]. 

In connection with the above, one of the main tasks of agricultural science is the creation of 

fundamentally new technological processes and machines that provide a significant increase in the 

efficiency of fertilizer use [3].  

The purpose of the research is to analyze the interaction of the working bodies of the manure 

spreader and the device for local application of manure to justify its parameters and operating modes 

that ensure a high-quality technological process of work. 

2.  Materials and methods 
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Theoretical studies on the justification of the parameters of the device for belt application of manure 

were carried out using the general laws of mechanics, mathematical modeling and statistics, taking 

into account the technological features of the application process and the physical and mechanical 

properties of manure [4,5,6,7].  

3.  The discussion of the results 
Chain-slat conveyors of mobile manure spreaders, located in the body, are a type of continuous 

drawing conveyors, in which the working body is completely immersed in the transported bulk cargo, 

filling the entire useful space of the spreader body. Therefore, for these conveyors, the laws of motion 

of bulk solids can be applied when transporting them by the method of continuous drawing. 

The supply of manure by a chain-slat conveyor in practical calculations is determined by the 

formula [4, 5]:  

� = � ∙ �� ∙ �� ∙ 	
�.�.
�                                                          (1) 
where γ – bulk density of manure, kg/m3; НУ – height of the manure feed layer, m; Вk – body width, m; 

Vts.pl.tr – conveyor speed, m/s.  

The speed of the chain-slat conveyor is determined from the condition of the required amount of 

manure per unit length of the roll (belt) [3]:  

 	
�.�.
� = (	а��/3,6��)�                                                 (2)  
where Va – unit speed, m/s; ql – amount of manure per meter of the roll length in kg; qk – amount of 

manure per meter of the body length in kg; n - number of simultaneous insertion of strips of manure.  

However, the theoretical flow rate, calculated by the formula (1) is untrue, as the formula does not 

take into account the actual feed rate of manure, which lags behind the speed of the conveyor all the 

way to move it [8, 9, 10, 11].  

Due to the fact that the manure layer is in motion, its height decreases due to collapses when the 

upper layers slip relative to the lower ones. In this case, the speed of the lower layer of manure along 

the height of the plank is numerically equal to the speed of the conveyor plank itself, and the speed of 

the upper layer is approximately zero (Fig. 1).  

 

 
Figure 1. The pattern of manure movement in the body under the action of conveyor slats: 

1 – chain-slat conveyor; 2 – chopping and scattering drums 

 

According to Figure 1, the average speed of movement of the mass of manure along the height of 

the body is close to the speed of the center of gravity of the velocity plot. The center of gravity of the 

velocity plot, taking into account the decrease in the height of the manure layer from the joint actions 
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of the static collapse along the angle of the natural slope and the movement factors, is determined from 

the expression [3]:  

Н� = (0,5 … 0,6)Ну .                                                             (3) 
    Experimental studies have established that the application rate of manure (20 t/ha), the maximum 

load of the machine (4650 kg), the speed of the unit (Va = 1.81 m/s) the actual unloading of the body 

with a length of 4.15 m is 195±2 s, including the velocity of the mass (0,021 m/s) [12, 13, 14]. 

The theoretical speed chain-slatted conveyor, calculated according to expression (2) for the width 

of the machine (Vm = 4.2 m) is equal to 0,041 m/s and unloading of the body with 101.22.  

The calculations made it possible to establish that the average speed of movement of the mass of 

manure is twice lower than the speed of the conveyor. It follows that when determining the 

performance of mechanisms that feed manure from the body using a chain-slat conveyor, it is 

necessary to make an amendment - a coefficient that characterizes the degree of lag of the mass of 

manure from the moving conveyor:  

К� =
 !

 "
= 0,5 … 0,55                                                        (4)  

where Vn – actual speed of movement of the mass of manure, m/s. 

Taking into account the expression (4), the formula for determining the feed by a chain-slat 

conveyor that is stable throughout the entire time of emptying the body will take the form:   

� = � ∙ � ∙ �� ∙ 	� ∙ К�.                                                       (5)  
Further, the manure fed by the chain-slat conveyor, through a special device, is applied locally in 

three rows (tapes) to the soil surface. However, it should be noted that all three feed belts of the 

fertilizer flow have significant differences in weight, which greatly affects the uniformity of 

distribution and reduces the efficiency of their use, respectively [14, 15, 16, 17].  

This is due to the design of the shredding and spreading beaters of the manure spreader. Therefore, 

for a more uniform application of manure, special dividers are installed behind the beaters of the 

manure spreader inside the housing of the device (Fig. 2).  

 
Figure 2. Installation height of dividers: 1 – extension casing; 2 – remote conveyor belt; 3 – 

dividers 
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However, at ψ ≤ φ, where φ is the angle of friction of the fertilizer particles on the metal, manure 

can stick to the surface of the dividers. Therefore, for a uniform distribution of the fertilizer flow into 

three parts, the following condition must be met: 

# < % < 90°.                                                                     (6) 
The necessary uniformity of the distribution of the fertilizer flow can be achieved by a rational 

combination of the angle (ψ) of the installation and the length of the dividers, which can be established 

experimentally. The uniformity of the distribution of the fertilizer flow is also affected by the location 

and angle of the trays (for sowing the middle row). Condition (6) also applies to them, but it is 

necessary that the trays direct the fertilizer particles to the middle of the belt, i.e. to the point E. For a 

reliable flow of the technological process, the following condition must be met:  

# = ()*+,
-./

0
                                                              (7) 

where a – distance between two points of attachment of dividers, m. With known values of the 

installation angle (ψ = 60o) the distance between the lower points of attachment of the dividers is equal 

to 600 mm:  

ℎ2 = 0,64 4 

Remote belt conveyors of the device, as noted above, perform the function of working bodies for 

applying the extreme (side) rows of manure to the soil surface. The second feed of each of the remote 

conveyors is equal to 1/3 of the total mass of the fertilizer applied by the manure spreader, 

respectively.  

The required second feed of manure by one remote conveyor can be determined by knowing the 

technological speed of the unit, the width of the machine and the rate of manure application [3]:  

�
р = ⦋�7 ∙ 	0 ∙ 8 ∙ 10:;⦌/�                                                   (8) 
where Вm – machine grip width, m; Va – forward speed of the unit, m / s; Q – fertilizer application rate, 

t/ha; n – the number of simultaneously applied rows of manure. With local application of manure for 

melon crops, the width of the row spacing at the base of the rows of fertilizers is Sl = 1,2 m [3]. 

Therefore, the total width of the machine taking into account the width of the butt aisles is equal to:  

�7 = (� − 1) ∙ (>� + >) 

where Sl – width of row spacing at the base of fertilizer belts (rolls), m; Sp – the width of the butt row 

spacing, m. Based on this, the expression (8) can be represented as follows: 

�
 = {⦋(� − 1)>� + >⦌/�} 	а ∙ 8 ∙ 10:;.                                       (9) 
On the other hand, the desired second feed of manure can be determined based on the parameters 

and operating mode of the remote conveyor itself:  

�
 = 	�.�� ∙ В� ∙ ℎ� ∙ � ∙ КC                                                (10) 
where Va. – linear speed of the remote conveyor belt, m / s; Вs – width of the outlet slot (window), m; 

hs – height of the outlet slot (window), m; Кg – coefficient that characterizes the degree of filling of the 

remote belt conveyor of the device (Кg = 0,85…0,95).  

The speed of the conveyor should be determined from the condition of the required amount of 

manure per unit length of the belt, i.e. from the equality of expressions (9) and (10) we find the linear 

speed of the belt of the remote conveyor: 

	�.
� =
 D∙E∙;�FG

В"∙."∙H∙КI
{⦋(� − 1)>� + >⦌/�}.                                    (11) 

Width of discharge opening:  

В� = В
� − 2K                                                            (12)  
where Вtr – conveyor belt width, m; bp – width of the clamping strip of the remote conveyor belt, m.  

According to experimental data Вtr. = 0,5 m, bp from practice, it is taken to be equal to 0.020 m. 

Using the accepted parameter values and the constraints included in formula (11), we obtain:  

	�.
� = 0,25 … 0,44 4/L. 

If we assume that all the parameters included in equation (11) are constant values, then the rate of 

application of the device can be changed by changing the height of the outlet slot.  
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4.  Conclusion 
On the basis of theoretical studies, taking into account the physic mechanical properties of organic 

fertilizers, analytical dependences have been obtained that make it possible to determine some setting 

parameters - the installation height of the divider is not less than 0.64 m and the speed of the belt 

conveyor is 0.45 m/s. 
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