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UDK 621.01 
METHODOLOGY FOR CALCULATING THE ANGULAR VIBRATIONS OF BLADES 

ON A SEPARATOR MACHINE ROTOR AND DEVELOPING ITS MATHEMATICAL 

MODEL 

Juraev D.D.  

Navoi state mining and technological university. 
Abstract. The calculation scheme and the results of theoretical studies of the angular oscillations of the blades 

on the shaft of the separator's working mechanism are presented. A mathematical model of the angular oscillations of 

the blades has been developed. Based on the numerical solution, the recommended values of the parameters are given 

and the graphs of dependencies are plotted. 

Keywords: separator machine, sunflower husk, drum, shaft, blade, elastic support, stiffness, angular 

oscillation, amplitude, frequency, graph, parameter. 

 

SEPARATOR MASHINASI VALIDAGI KURAKCHALARNING BURCHAK 

TEBRANISHLARINI HISOBLASH VA MATEMATIK MODELINI TUZISH 

METODIKASI 

Jo‘rayev D.D. 
Navoiy davlat konchilik va texnologiyalar universiteti. 

Annotatsiya. Seperator ishchi mexanizmi validagi kurakchalarning burchak tebranishlarini hisoblash sxemasi 

va uning nazariy tadqiqotlar natijalari keltirilgan. Kurakchalarning burchak tebranishlarini matematik modeli ishlab 

chiqilgan. Sonli yechim asosida parametrlarning tavsiya etilgan qiymatlari keltirilgan va ularga bog‘liqlik grafiklari 
qurilgan 

Kalit so‘zlar: separator mashinasi, chigit chaqilmasi, baraban, val, kurakcha, elastik tayanch, bikrlik, burchak 

tebranish, amplituda, chastota, grafik, parametr. 

 

МЕТОДИКА РАСЧЕТА УГЛОВЫХ КОЛЕБАНИЙ ЛОПАТОК РОТОРА 
СЕПАРАТОРНОЙ МАШИНЫ И ПОСТРОЕНИЯ ЕЕ МАТЕМАТИЧЕСКОЙ МОДЕЛИ 

Жураев Д.Д. 
Навоийский государственный горно-технологический университет. 

Аннотация. Приведены расчётная схема и результаты теоретических исследований угловых 
колебаний лопаток на валу рабочего механизма сепаратора. Разработана математическая модель угловых 
колебаний лопаток. На основе численного решения приведены рекомендуемые значения параметров и 
построены графики зависимостей. 

Ключевые слова: cепараторная машина, подсолнечная лузга, барабан, вал, лопатка, упругая опора, 
жесткость, угловое колебание, амплитуда, частота, график, параметр. 

 

Introduction. In the recommended technology for separating cotton seeds from hulls using 
a separator machine, the main working body of the separator is the drum and the shaft mechanism 
passing through it. Striking blades are installed at a 45-degree angle along circular rows on the outer 
surface of the rotating shaft using elastic supports. In this arrangement, the striking blades rotate 
together with the shaft in a helical pattern along the length of the shaft, forming a spiral line. When 
the striking blades interact with the cotton seed hulls, they not only separate them into fractions but 
also transport specific fractions along the length of the drum [1, 2]. During operation, the striking 
blades generate angular oscillations due to the elastic supports. Furthermore, by selecting the 
required amplitudes and frequencies of these oscillations, it becomes possible to effectively separate 
the cotton seed hulls into fractions. Therefore, a theoretical study of the small angular oscillations of 
the striking blades on the shaft of the separator machine is considered important [3]. 

Methodology for constructing the calculation scheme and mathematical model of the 

angular oscillations of the blades on the shaft of the separator machine. During the operation of 
the separator, the striking bladed shaft rotates with an angular velocity of 7.33 s⁻¹. In this process, 
the striking blades, due to a certain center of mass and changes in inertia forces, cause a change in 
the moment of inertia of the drum. Striking blades can mainly be manufactured in two different 
versions [4]: 

− striking blades with elastic supports that operate only once per rotation;  



Техника, технология ва жиҳозлар 

 

“Фан ва технологиялар тараққиёти”      Илмий–техникавий журнал          №5/2025         5 

− striking blades with elastic supports that are symmetrically mounted for continuous rotation. 
In such a process, the load is evenly distributed in the second variant. For this variant of 

efficient operation of the shaft's striking blades, the calculation scheme is shown in Figure 1. To 
determine the influence of geometric parameters, as well as the elastic-dissipative properties of the 
elastic support of the striking blades, the angular velocity of the drum and shaft is not taken into 
account. In this case, according to the calculation scheme (Figure 1), the system is considered as a 
beam oscillating around the O axis, interacting 
with the cotton seed hulls. 

To obtain the mathematical model of the 
angular oscillations of the striking blades on the 
shaft of the separator machine, Lagrange's 
equation of the second kind was used. The 
angular displacement φb of the striking blades 
relative to their hinge axis was chosen as the 
generalized coordinate. In this case, the kinetic 
and potential energy of the system, as well as the dissipative Rayleigh function [5], are taken in the 
following form: 

                      
(1) 

where, φb – is the moment of inertia of the striking blades with respect to the hinge O; l, l1 – are the 
length of the striking blades and the radius of the elastic support's location relative to the axis of 
rotation; cA, vA – are the stiffness and dissipation coefficient of the elastic support; mb – is the mass 
of the striking blades. 

In this case, we obtain the following recommended differential equation [6, 7] for the small 
angular oscillations of the striking blades on the separator shaft for separating cotton seed hulls into 
fractions: 

 
   (2) 

Let's reduce the obtained differential equation to the standard form, and it will look like this: 

               (3) 

where,        

   

     

 According to the solution of this differential equation, for effective and stable operation of 
the cotton seed hull separation process and the separator machine, we obtain the following [8]: 

  
  

                          (4) 

where, B – is the amplitude of the striking blades' oscillations: 

        (5)

 

 Analysis of the influence of parameters on the vibration range of the striking blades on 

the separator shaft. To solve the problem of determining the small angular oscillation range of the 

separator shaft's striking blades for separating cotton seed hulls into fractions, it was carried out 

with the following numerical values of the optimal parameters [9, 10]: 

ωb=7,33 s-1; F1=(0,5÷1,5) N; cA=(1,5÷4,5)‧103 N/m; vA=(2,6÷3,2) Ns/m; mb=(0,04÷0,24) kg; 
l=0,240 m; l1=0,190 m; rb=0,05 m; rs=0,6 m.   

;
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Figure 1. Calculation scheme of the striking 

blades on the shaft of the separator machine. 
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 The graphical dependence of the change in the angular oscillation range of the striking 

blades on the change in technological load is shown in Figure 2. 

 The analysis of the obtained graphs shows that with an increase in the constant component 

of the technological load on the striking blades of the separated cotton seed fractions from 0.4 to 1.5 

N at ωb=20 s⁻¹, the small angular oscillation range of the separator's striking blades increases non-

linearly from 0.53º to 2.39º. With an increase in the angular velocity up to 35 s⁻¹, the oscillation 
range ∆φb increases from 1.26º to 7.42º. To ensure the values of ∆φb within the limits of 

(2.5°÷5.0°), the recommended values of the technological load are F1 ≤ (1.2÷1.4) N: 1-ωb=20 s⁻¹; 2- 

ωb=25 s⁻¹; 3- ωb=30 s⁻¹; 4- ωb=35 s⁻¹. 
Figure 3 shows the graphs of the 

dependence of the change in the range 
of angular oscillations of the impactor 
blades on the change in the stiffness 
coefficient of the elastic support. 
Analysis of the constructed dependence 
graphs of the parameters in Figure 3 
shows that with an increase in the 
values of the linear stiffness coefficient 
of the impactor blades support from 
0.8·103 N/m to 4.5·103 N/m, the range 
of small angular oscillations of the 
impactor blades at vA=2.6 Ns/m 
decreases from 7.6° to 2.55° according 
to the nonlinear dependence, and at 
vA=3.2 Ns/m, the values of ∆φb 
decrease from 3.86° to 1.09°. This is explained by an increase in the stiffness of the elastic support 
and a decrease in its deformation, which leads to a decrease in the values of ∆φb. The recommended 
values are: cA=(2,0÷2,5)·103 N/m; vA=(2,5÷2,8) Ns/m.  

  
Figure 3. Graphs of the dependence of the 

change in the angular oscillation range of the 

striking blades on the change in the stiffness 

coefficient of their elastic support. 1 – bA = 3,2 

Ns/m; 2 – bA = 3,0 Ns/m; 3 – bA = 2,8 Ns/m; 4 – 

bA = 2,6 Ns/m; 

Figure 4. Graphs of the dependence of the 

change in the angular oscillation range of the 

striking blades on the change in the mass of 

the separator's striking blades. 1–cA = 1,4103 

N/m; 2–cA = 1,8103 N/m; 3–cA = 2,2103 N/m; 

4–cA = 2,6103 N/m; 
 

Figure 2. Graphs of the dependence of the change in 

the angular oscillation range of the striking blades on 

the change in technological load
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In Figure 4, the graphical dependencies of the change in the angular oscillation range of the 
striking blades on the change in the mass of the striking blades are shown. Based on these graphs, it 
can be noted that as the mass of the striking blades increases from 0.041 kg to 0.27 kg, at cA = 
1.4·10³ N/m, the angular oscillation range of the striking blades decreases non-linearly from 6.31° 
to 2.55°. Correspondingly, when the stiffness coefficient of the support is 2.6·10³ N/m, the 
oscillation range ∆φb of the striking blades decreases from 2.96° to 1.10° according to a non-linear 
dependence on the stiffness coefficient. To ensure that the required values of the striking blades' 
oscillation range are within the limits of (2.5°÷5.0°), the recommended value for the mass of the 
striking blade is mb≤(0,20÷0,23) kg. 

Conclusion. An effective structural scheme of a separator machine for separating cotton 
seed hulls into fractions has been developed. Based on theoretical studies, the recommended values 
of small angular oscillations of the striking blades on the shaft of the separator machine are 
presented, and graphs of dependencies on its parameters are plotted with justification. 
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