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Original scientific paper 
The paper reveals that the available facilities of granular fertilizer applying do not completely meet the technical requirements. In order to ensure stable 
and reliable dosing of fertilizers it is necessary to destroy the arch obtained above the hopper outlet and to provide forced feeding of the material 
(fertilizer) to the feeder (measuring device). The goal of the study is selection of optimum parameters of the fertilizer applying machine conic-helical 
loosener. The theoretical researches carried out allow to establish the relation between the motion (speed and displacement) of the material (fertilizer) 
elementary particles along the coils of the springs and the loosener design and technological parameters (the angle between the generant and axis-cones, 
the helix angle of spring coils, the cone base radius, the coefficients of external and internal friction, the angular speed). By varying each one of the 
parameters their optimum combination could be selected depending on the accepted loosener efficiency criterion. 
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Teorijsko ispitivanje konično-helikoidnog rasipača stroja za umjetno gnojivo 
 

Izvorni znanstveni članak 
Rad pokazuje da postojeći uređaji za rasipanje umjetnog gnojiva u granulama u potpunosti ne zadovoljavaju tehničke potrebe. Kako bi se osiguralo 
postojano i pouzdano doziranje gnojiva potrebno je dokinuti luk iznad izlaza iz lijevka i osigurati prisilni dovod materijala (gnojiva) u napojni (mjerni) 
uređaj. Cilj istraživanja je odabir optimalnih parametara konično-helikoidnog rasipača uređaja za rasipanje umjetnog gnojiva. Provedena teorijska 
istraživanja omogućuju uspostavu odnosa između gibanja (brzina i istiskivanje) elementarnih čestica materijala (gnojiva) duž opruga zavojnice i 
konstrukcije i tehnoloških parametara rasipača (kut između generant i konusne osovine, kut uspona spirale opruga zavojnice, polumjer baze konusa, faktor 
vanjskog i unutarnjeg trenja, kutna brzina). Variranjem svakog pojedinog parametra može se izabrati njihova optimalna kombinacija ovisno o 
prihvaćenom kriteriju učinkovitosti rasipača.   
 
Ključne riječi: napojni uređaj; rasipač; stroj za umjetno gnojivo; uređaj za rasipanje umjetnog gnojiva u granulama 
 
 
1 Introduction  
 

The available granular fertilizer applying facilities do 
not completely meet the technical requirements. The main 
reason for the low quality of fertilizer dosing is the 
formation of an arch above the hopper outlet. That is 
connected with the complex physical-mechanical 
properties of the granular fertilizers, which sharply 
change depending on the moisture content. With moisture 
increase some types of fertilizers transform in plastic, clay 
like state while others form lumps of different size piling 
up around the outlet. Along with that, arch formation 
could be caused by shortcomings in the feeder design, 
hopper configuration, shape and dimensions of the outlet, 
etc. [1÷4]. As a result of the cavity and arch formation in 
the hopper the technological process of fertilizer dosing is 
disturbed which leads to its irregular applying and bad 
yield [5]. 

The disturbance of the uniform dosing reflects 
particularly negatively in the machines applying the 
fertilizer in the soil immediately next to the roots of the 
plants [6÷8]. The effectiveness of these machines depends 
to a great extent on the precision of fertilizer dosing. 

In order to have stable and reliable dosing of 
hygroscopic granular fertilizers it is necessary to destroy 
the arches and forcedly feed the material to the feeder. In 
spite of the available great quantity of design and research 
attempts to resolve this problem it continues to be the 
narrow point in the dosing process, requires thorough 
theoretical and experimental study, development of 
promising versatile constructions and for this reason it is 
topical. 

Publication [9] suggests original solution of removing 
the static zones in the hopper, preventing fertilizer 
transfer in one direction and improving the dosing 
uniformity (of fertilizer). That is achieved by setting up 
two rotating conic-helical springs of common base on a 
shaft in the hopper above the feeder. 

The purpose of the present study is development of a 
method for determination of the optimum parameters for 
the suggested in [9] original construction of conic-helical 
loosener for granular fertilizer applying machine. 

 
2 Design solution  
 

The essence of the suggested in [9] engineering 
solution is presented in Fig. 1. In the bottom part of the 
hopper 1 there are outlet 2, feeder 3, transmitter (feeding 
tube) 4 and shaft 5, on which there are fixed conic-helical 
springs 6 with their bases in contact, which loosen the 
material. The bases of the springs 6 are fixed to the shaft 
5 and their tips are loosely (movably) assembled that 
permits to freely contract and expand. The coils of the 
two springs are in opposite directions. Transmission 7 
drives the shaft 5. The directions of the coils of the right 
and left parts of the conic spring 6 are opposite. 

During operation of the loosener, the material 
(fertilizer) presses and contracts the spring coils. Upon 
reaching a definite force in the springs they sharply 
expand and affect the material by impact loosening it and 
breaking the lumps. 
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Figure 1 Conic-helical lossener for granular fertilizer applying machine 

[9] 
 

3 Computing model  
 

In the theoretical examination of the material 
interaction with the conic-helical loosener we consider an 
elementary volume M of the material standing on the coil 
of conic-helical spring which rotates around horizontal 
axis at angular speed ω (Fig. 2) [10].  The following 
forces act on this elementary volume: 

G - the force of the material particle (elementary 
volume) weight; 

N - the coil normal reaction on the elementary 
volume (perpendicular to the cone surface); 

F f N= ⋅ - the force of friction between the material 
in the spring coils; 

1N  - the environment normal reaction; 

1 1 1F f N= ⋅  - the force of friction between the 
elementary volume and environment; 

2
cR m rω= ⋅ ⋅  - centrifugal force of the material in 

elementary volume; 
2CoR m xω= ⋅ ⋅   - Coriolis force (opposite to Coriolis 

acceleration). It is perpendicular to the plane of the 
vectors of the relative and transportation velocities in 
direction in which the rotation of the second towards the 
first would be realized in clockwise direction.  

In the initial moment the elementary volume is in 
position M0. After time t, as a result of the transportation 
movement, it goes to position M1. But making relative 
movement in relation to the spring coil, in absolute 
movement the elementary volume occupies position M'. 
For greater clarity, we shall transfer it to the middle of the 
loosener, in point M. 

For the purposes of the theoretical examination the 
following angles should be known: 

ωt – the angle which determines the position of the 
elementary volume for time t; 

α  – the helix angle of the spring; 
ξ – the angle between the generant and the spring 

cone axis (cone generant angle). 
The axes of the coordinate system are located in the 

following way: 
x – along the spreading of the spring coil; 

y – along the binormal passing through the centre of 
the cross-section circumference; 

z – along the main normal, perpendicular to the helix. 
 

 
Figure 2 Forces acting on the elementary volume 

 
The equations of equilibrium of forces acting on the 

elementary volume along the three axes are: 
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After grouping the members with N and N1 it is 

obtained: 
 
( )
( )
( )

1 1

1

1
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sin sin sin cos .
c Co
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      (2) 

 
From Eq. (2) we determine N – N1  
 

( ) ( )1
1 sincos .

cos sin tanCo c
tN N G t R R G ωω

ξ ξ α
− = ⋅ + − =

⋅
   (3) 

 
After equalizing the left sides of Eq. (3) we determine 

the dependence of the cone angle ξ on the design and 
technological parameters  
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After replacement of Eq. (3) in the first equation of 

system Eq. (2) it is obtained 
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After placing the known quantities in Eq. (5) and 

transformation we obtain  
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where it is assumed that N1 can be commensurable with 
the action of column of mg material on unit volume. 
However mV

V
mVmg === ρ   (ρ is the fertilizer bulk 

density). 
Or 
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The following designations are accepted  
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Considering Eq. (8) equation (7) assumes the form 
 

cos sinx b x n m t l tω ω+ ⋅ = − ⋅ − ⋅                                      (9) 
 
There is obtained an inhomogeneous differential 

equation of second order of constant coefficients. 
The common solution of Eq. (9) is 
 

0 ,x x x= +                                                                     (10) 
 
where x0 is the solution of the homogeneous part and ,x  – 
the particular solution of the inhomogeneous equation. 
 

4 Solving the equations  
4.1 Solution of the homogeneous part  
 

Characteristic equation of the homogeneous part of 
Eq.  (9) is 
 

2 0k b k+ ⋅ =                                                             (11) 
 
The roots are equal k1 = 0 and k2 = −b. 

In this case the solution of Eq.  (11) has the form 
 

0 1 2
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The right hand side of the inhomogeneous Eq. (9) has 

a free member n. Therefore, the particular solution is 
looked for as the sum of two functions f1 and f2: 
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2f C t= ⋅ . 
 
In this case the particular solution of Eq. (9) has the 

form 
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On defining the first and second derivative of Eq. 

(13) 
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and their replacement in Eq. (9) it is obtained 
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which after grouping a part of the members of similar 
trigonometric functions in the left side acquires the form  
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After equalization of the coefficients in front of the 

similar trigonometric functions and the free members of 
the right and left hand of side of Eq. (15) 
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we determine A  from the first equation of system (16)  
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and from the second – B 
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After replacement of Eq. (17) and Eq. (18) in Eq. (13) 

we obtain the particular solution of the initial equation (9) 
 

( ) ( )

( ) ]

2 2

1 cos

sin

x m b l t
b

nl b m t t
b

ω ω
ω ω

ω ω

= ⋅ + ⋅ ++

+ ⋅ − ⋅ +

                          (19) 

 
4.2 Differential equation common solution  
 

The common solution of the initial inhomogeneous 
differential equation of second order (9) is obtained after 
replacement in Eq. (10) of the homogeneous and 
particular solutions Eq. (12) and Eq. (19): 
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It is known by definition, that in the initial moment, 

at t  = 0, the relative coil motion and the relative speed 
are also equal to zero, i.e. x  = 0; x  = 0. 

The equalized to zero first derivative of Eq. (20) is 
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At  t  = 0 from Eq. (21) it is obtained 
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Using (22), Eq. (20) is equalized to zero  
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At t  = 0 from Eq. (23) it is obtained 
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After replacement of 
1C  and 

2C  from Eq. (22) and 
Eq. (24) in the common solution Eq. (20) it is obtained 
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There has been obtained the complete solution of the 

differential equation characterizing the interaction of the 
conic-helical loosener with the fertilizer. 

By means of Eq. (8), equation (25) could be 
presented in an extended form  
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     (26) 

 
5 Analysis of the results  

 
In Eq. (21) and Eq. (26) there are established the 

dependences of the displacement and speed of the 
fertilizer elementary volume along the loosener helical 
spiral on the most important design and technological 
parameters – the angle between the cone generant and its 
axis (generant angle ξ, the helix angle α, the helical 
surface radius r, the coefficients of internal and external 
friction and the loosener angular speed ω. By varying 
each of these parameters one can select their optimum 
combination depending on the accepted criterion of 
loosener efficiency [10], [13]. 

Fig. 3 shows the dependences of fertilizer elementary 
volume displacement on the helix angle and on the angle 
between the cone generant and its axis. It is seen in them 
that the greatest effect on the elementary volume 
displacement along the loosener coil is produced by the 
helix angle. For instance, at cone generant angle ξ = 30°, 
the doubling of the helix angle (from 15° to 30°)  results 
in 2,3 times decrease of displacement, from 3,35 mm to 
1,43 mm for time 0,5 seconds (Fig. 3). Besides, this 
dependence holds on for all values of cone generant 
angle, for the angular speed and for the radius on which 
the elementary volume lies on the cone. 

For instance, calculations show that at angular speed 
of 1,0 s−1 the fertilizer displacement decreases from 3,41 
mm to 1,47 mm for the values of α from 15° to 30°. 
Similar dependence is also observed for fertilizer 
positioned on radius r = 0,03 m on the cone. The 
examined dependence could be explained by the fact that 
when the helix angle is increased the fertilizer 
transportation motion together with the coil decreases 
which results also in decrease of the relative 
displacement. 
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The parameter next in importance that affects 
fertilizer displacement is the loosener angular speed. For 
fertilizer positioned at radius r = 0,03 m on the cone 
surface the double increase of the angular speed (from 2,0 
to 4,0 s−1) leads to displacement decrease of 1,3 times - 
from 4,46 mm to 3,46 mm. This decrease is particularly 
intensive for small helix angles α. 

The decrease of the relative displacement with 
increase of the loosener angular speed is explained by the 
fact that in this case the slipping of the fertilizer particles 
on the loosener coils grows. Furthermore, the 
transportation displacement decreases which in the long 
run decreases the relative displacement, too. 

On the basis of the above said we may conclude that 
the mechanisms of fertilizer particles displacement in all 
points of the loosener are similar. 

Examining the dependences drawn, there could be 
selected variable loosener parameters to achieve optimum 
mixing of the fertilizer. Fig. 4 combines the dependences 
of fertilizer particles displacement on the helix angle and 
on the loosener angular speed. It is seen that uniform 
fertilizer stirring is achieved at helix angle of 14° and 
angular speed of 3,1 s−1. 

 

 
Figure 3 Dependence of the fertilizer elementary volume displacement 

on the helix angle and cone generant angle 
 

 
Figure 4 Common dependences of fertilizer displacement on the helix 

angle and the loosener angular speed 
 

6 Conclusion  
 

A differential equation is drawn, which characterizes 
the interaction of the conic-helical loosener with the 
fertilizer, and its complete solution has been found. It 
shows the analytical dependence of the displacement of 
fertilizer elementary volume on the most important design 
and technological parameters. It is established that helix 
angle α  has the greatest influence – its twofold increase 
leads to decrease in displacement by 2,3 times. The 
second most important factor is the influence of angular 
speed of the loosener. Its twofold increase leads to 
decrease in displacement by 30 % which is due to the 
bigger slipping of material particle (elementary volume) 
and increase of its relative motion. The overall study of 
the graphs of dependence of displacement of elementary 
volume on variable factors such as the helix angle, the 
generant angle, the angular velocity of the loosener, the 
radius of position of particle (elementary volume) on the 
conical surface can establish their optimal combination 
which will guarantee effective loosening.  

This research was done for the latest loosener 
construction patented at the Republic of Kazakhstan.  

The presented methodology may be useful both for 
scientific workers and constructors (designers). 
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