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Research of resonance vibrations of the system  
«Telescopic screw — bulk medium» caused by torsional vibrations 

The article outlines the relevance of using the principle of telescopy in the process of creation screw convey-
ors, which nowadays are folded to obtain significant lengths, which makes their designs expensive and struc-
turally unreasonably complicated. It has been shown an experimental equipment, which provides measure-
ment results of the research process in a wide range with high accuracy in an automated control mode with 
the necessary data capture. Based on the constructed mathematical model, the dependences of the angular 
perturbation velocity on the physicomechanical and geometric parameters of the «telescopic screw — bulk 
medium» system have been obtained. Because of analytical relations describing the laws of variation of char-
acteristic parameters for its oscillation resonance case have been received. It has been proved that for resonant 
oscillations, when there are significant angular velocities of rotation, the natural frequency of the bending os-
cillations is smaller and at the same time the amplitude of the transition through the resonance is smaller. The 
results of the amplitude of the transverse oscillations of the system for different values of the angular velocity 
of rotation in time during the transition through the internal resonance, which largely depends on the physico-
mechanical and geometric characteristics of the motion of the medium, have been presented. 

Keywords: conveyors, mechanical systems, transporting-separating system, dynamic modeling, amplitude, 
resonance, telescopic screw, bulk medium, angular velocity of rotation, torsional vibrations. 

 

Introduction 

Screw conveyors are widely used in various sectors of the economy as independent mechanisms, 
and as part of various mechanical systems. They are often used as elements of agricultural machinery 
when harvesting for transshipment of various cargoes in the field. Screw conveyors as part of universal 
units for loading seeders, hoppers, reloaders and combine harvesters are usually complex and involve 
decomposition-folding using hydraulic or pneumatic equipment, which makes their designs too complicat-
ed and expensive. 

Mainly for transportation of such cargoes rigid auger conveyors installed at different angles to the hori-
zon are used, as well as flexible screw conveyors, the determination of the parameters and modes of which 
are described in the works [1–4]. 

Іn article [5–9] dependence in time of the amplitude and frequency of nonlinear vibrations of the feeder 
horizontal working body at its various geometric dimensions, the angular velocity of the working body rota-
tion, the grain mixture mass per unit length, and the speed of its transportation 

The works of [10–15] provide research findings on flow patterns of bulk materials depending on con-
structional and kinematic characteristics of screw operating tools, bunker type and solid particles, as well as 
frictional forces. Findings of mentioned researches shows on improved characteristics of screw conveyors 
during transportation of bulk materials. 

Despite the large number of scientific works devoted to the development and study of the peculiarities 
of the work of screw conveyors, there is a wide range of unexplored issues related to their structural and 
functional characteristics. Therefore, telescopic screw conveyors have been developed to improve the struc-
tures and provide the necessary trajectory of material loading with screw conveyors. These telescopic screw 
conveyors will improve productivity on tracks with variable length and direction of overload, as well as per-
forming related technological operations with transported raw materials [16]. According to the experimental 
and separate theoretical studies of the dynamics of the working bodies of screw conveyors [17–18], the 
movement of the manufacturing medium along the previous one affects the quantitative, and in some cases, 
the qualitative characteristics of their oscillations. However, due to the large angular rotational speeds of the 
screw in telescopic screw conveyors, asymmetry of the telescopic screw and external perturbations often 
cause oscillations in significant dynamic loads on the screw, especially in resonant cases. The study of dy-
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ing vibrations. To study them, first of all, we consider the terms of the dependences, taking into account the 
torsional vibrations of the telescopic screw. 

These expressions are the following: 
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Taking into account the law of rotational oscillations of a telescopic screw in the form 

      0, sin cos , ,
k

x t h z t
l

   


     (3) 

where a  — is their amplitude, 
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   — frequency, 0 - initial phase, 0I  the running moment of 

inertia relative to the neutral axis of the elastic body together with the medium, 0J - is its equatorial moment 
of inertia, G — is the shear modulus. 

Then the expressions of the right-hand side of the differential relations that take them into account are 
transformed to the form: 
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Let us consider them in more detail for the case where the forms of transverse and torsional oscillations 
are close in frequency i.e. s k   . In that case, the additives of the right side of the general relations 

 

     

     

,
(sin sin ,

,
(cos cos ).

u t z
a z t z t

t
w t z

a z t z t
t

      

      


      




     


 (5) 

The effect on the dynamics of the system of torsional oscillations and the motion determines at of the 

medium expressions 2cos s  and s2sin  replace accordingly for  1
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After averaging over the linear variable and the external perturbation phase, it transforms to the form: 
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Relations (1) show that, if the condition is fulfilled 2
s k  , there will be resonant transverse oscilla-

tions in the system, which are caused by torsional oscillations. To describe them, in the same way as for res-
onant oscillations at the frequency of external periodic perturbation, entering in equation (1) the phase differ-

ence 2 2 s k     ( 2 2 )k s    , we get: 
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Then the transverse resonance oscillations caused by the torsional oscillations in the case are described 
by differential equations: 
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In Figure 2 presents for different values of the angular velocity of rotation the change in the amplitude 
time of the transverse oscillations of the system during the transition of the internal resonance. 
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of homogeneous medium on it with a constant relative linear velocity 10V  m/s. Based on the constructed 
mathematical model, dependences have been obtained to determine the change in the amplitude of the trans-
verse oscillations of the system during the transition of the internal resonance for different values of the an-
gular velocity of rotation, depending on the physical-mechanical and geometric parameters of the system 
«telescopic screw-grain mixture» and the angular velocity of the screw rotary organ. It is established that for 
larger values of angular velocity of rotation of the working body the resonant frequency value is smaller 
(at 6L  m = 20–40 s-1). For working bodies of greater length, the amplitude of the transition through the 
resonance is greater (from 10–25 s-1 at 8L   m) and increases from 0.0393 to 0.1023 m. However, it has es-
tablished that the external and internal resonances of the system «telescopic screw — loose medium» can be 
avoided by changing the angular velocity of the working screw. 
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Айналмалы тербелістермен негізделген  
«телескопиялық бұрама-сусымалы орта»  

жүйесінің резонанстық тербелістерін зерттеу 

Мақалада бұрандалы тасымалдағыштарды жасау кезінде телескопия қағидатын пайдаланудың 
өзектілігі негізделген, олар бүгінде айтарлықтай ұзындығын алу үшін күрделі орындалады, бұл 
олардың конструкцияларын қымбат жəне құрылымдық тұрғыдан күрделі етеді. Деректерді қажетті 
тіркеумен басқарудың автоматтандырылған режимінде жоғары дəлдікпен кең ауқымда технологиялық 
процесті зерттеу нəтижелерін өлшеуді қамтамасыз ететін эксперименттік жабдық келтірілген. 
Құрылған математикалық модельдің негізінде «телескопиялық винт-сусымалы орта» жүйесінің 
физика механикалық жəне геометриялық параметрлерінен ауытқу бұрыштық жылдамдығының 
тəуелділігі алынды. Оның негізінде резонанстық жағдай үшін оның тербелістерінің анықтайтын 
параметрлерінің өзгеру заңдарын сипаттайтын аналитикалық қатынастар алынған. Резонанстық 
тербелістер кезінде, айналудың едəуір бұрыштық жылдамдығы болған кезде, иілгіш тербелістердің 
меншікті жиілігі аз жəне бір мезгілде резонанс арқылы өту амплитудасы аз екені анықталған. Ішкі 
резонанс арқылы өту кезінде уақыт бойынша айналудың бұрыштық жылдамдығының əртүрлі мəндері 
үшін жүйенің көлденең тербелісінің амплитудасының нəтижелері берілген, ол едəуір дəрежеде орта 
қозғалысының физика-механикалық жəне геометриялық сипаттамаларына байланысты. 

Кілт сөздер: конвейерлер, механикалық жүйелер, көлік-бөлу жүйесі, динамикалық модельдеу, 
амплитудалар, резонанс, телескопиялық бұранда, сусымалы орта, бұрыштық айналу жылдамдығы, 
айналмалы тербелістер. 
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Исследование резонансных колебаний системы  
«телескопический винт — сыпучая среда», 
обусловленных крутильными колебаниями 

В статье обоснована актуальность использования принципа телескопии при создании винтовых 
транспортеров, которые сегодня для получения значительной длины выполняются сложенными, что 
делает их конструкции дорогими и конструктивно неоправданно сложными. Приведено эксперимен-
тальное оборудование, которое обеспечивает измерение результатов исследования технологического 
процесса в широком диапазоне с высокой точностью в автоматизированном режиме управления с не-
обходимой фиксацией данных. На основе построенной математической модели получены зависимо-
сти угловой скорости возмущения от физико-механических и геометрических параметров системы 
«телескопический винт — сыпучая среда». На ее базе получены аналитические соотношения, описы-
вающие законы изменения определяющих параметров его колебаний для резонансного случая. Уста-
новлено, что при резонансных колебаниях, когда есть значительные угловые скорости вращения, соб-
ственная частота изгибных колебаний и одновременно амплитуда перехода через резонанс меньше. 
Представлены результаты амплитуды поперечных колебаний системы для различных значений угло-
вой скорости вращения во времени при переходе через внутренний резонанс, который в значительной 
степени зависит от физико-механических и геометрических характеристик движения среды. 

Ключевые слова: конвейеры, механические системы, транспортно-разделительная система, динамиче-
ское моделирование, амплитуда, резонанс, телескопический винт, сыпучая среда, угловая скорость 
вращения, крутильные колебания. 
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