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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
mediumy» 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,
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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].

In 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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namic loads arising in the auger of the telescopic conveyor will allow you to find the optimal mode
of operation. These modes minimize dynamic loads and increase the service life of these conveyors.

Material and method

In order to study the characteristics of telescopic screw conveyors and based on our patent search and
analysis of scientific literature, we synthesized telescopic screw conveyors [19-21] based on which a stand
was designed and manufactured to study the transportation of bulk cargo (Fig. 1) [22]. To perform a research
the following actions has been done in such order: load the hopper 14 with loose material, which from it en-
ters the casing 3 on the auger 2, by which it is transported to the casing 6 to the auger 5, and then the bulk
material through the discharge pipe 9 falls into the measuring vessel. The rotary movement of the auger
2 obtains through the belt drive 16 from the electrodrive 15, which is controlled from the PC 18 with:the fix-
ation of all the necessary data in a tabular or graphical form according to the developed methodology of ex-
perimental research. From the auger 2 rotary motion is transferred to the auger 5 due to the friction that oc-
curs between the walls of the augers, which allows to carry out the process of overloading the bulk material.
In this case, the performance of the telescopic screw conveyor at different casing fill rates and screw speeds
is determined in a semi-automatic mode. The power characteristics can be determined by smooth and sudden
start-up, reversal and simulation of various loads in an automated mode using afrequency-converter and a
personal computer.

"

b)

Figure 1. Stand for the study of the characteristics of telescopic screw conveyors: a) General view; b) design diagram;
1) fixed axial section of the screw; 2) auger fixed in the axial direction of the screw section; 3) the axially fixed part
of the casing; 4) axially movable screw section; 5) auger movable in the axial direction of the screw section;
6) axially movable part of the casing; 7) guides; 8) fixation of guides; 9) unloading pipe; 10) support for adjusting the
feed height of the material; 11) frame; 12) movable table; 13) scale of overlap of augers; 14) a hopper; 15) electric drive
of the conveyor; 16) belt transfer; 17) drive frequency converter; 18) personal computer

Exploring the characteristics of telescopic screw conveyors established [19], the resonant vibrations
of the system «Telescopic screw is a bulk medium» due to torsional vibrations. The most interesting and
at the same time least studied case of complex vibrations in the screw of the telescopic conveyor is
the case of internal resonance. Despite the limited amplitude of torsional vibrations in cases where the natu-
ral bending and indicated frequencies are close or connected by a rational ratio, the dynamic process
of the «telescopic screw is a bulk medium» system is characterized by an increase in the amplitude of bend-
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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
9(x,t) = hsin " zcos 9, 8= (01 +9,), (3)
(v)
where a — is their amplitude, g 2% GJy, frequency, 4,- initial phase, /, therunning moment of
H(z)\ 1,

inertia relative to the neutral axis of the elastic body together with the medium, J 0 - 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. @, = ©, . In that case, the additives of the right side of the general relations

% = —aw(sin (k24 ot +¢) +sin (kz — ot — p),
(%)
% = aw(cos(kz+wt +¢)—cos(kz—wt —¢)).

The effect on the dynamics of the system of torsional oscillations and the motion determines at of the
medium expressions cos” i, and sin?y/, replace accordingly for %(1 +cos2y, ) and %(l—cos 2y, ), system
of differential equations
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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@ = @, , 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 ¢ =20/ =& (4 +8 =2y,), we get:
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If the function fl U,W,E,---, 5 3 ») | takes into account only the forees of resistance and external
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periodic perturbation, that is, expressed by the ratio
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Then the correspond to the values respectively of the function
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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.

122 BecTHuk KaparaHgmHckoro yHusepcurteTa



Research of resonance vibrations...

0.08 +
A
006} |
: i
0.04+1 ||J ‘|
f |‘ ]
0.021 J \
AN AR AR
1 IZ ts 3
b)————— Q=0s"; Q=205 - Q=40s"
017 o1l {7
008} | N
e U
£ 0,06} £ f | \
< <005}
0.04 1
0.021
C) ————— ===
0.1
011
2 Soost
0.051
0 t,Is 2
) ———— Q=0s";  Q=10s; - Q=25 ) —— Q=0s" Q=10s"; - Q=25"

Figure 2. Changing the amplitude of the bending vibrations of the screw during the transition through internal resonance
at p, =10kg/mi 1 =6-107 kg/m* E =2,06-10"H/m’ V=10 m/s: a) p, =0 kg/m; /=6m; b) p, =10 kg/m;
[=6m;c) p, =20 kg/m; /=6m;d) p, =30 kg/m; /=6 m;e) p, =30 kg/m; /=8 m; f) p, =15 kg/m; /=8 m

Discussion

The results show that both external and internal resonance can be avoided by changing the angular ve-
locity of the auger, and as for the process of transition through the internal resonance, then:

— for higher angular velocities of rotation, the natural frequency of bending oscillations is smaller and
simultaneously the amplitude of the transition is smaller;

— for larger values of the relative amount of motion of the medium, the amplitude of the transition
through the internal resonance takes on a larger value.

Conclusions

Theoretical calculations of the resonance phenomenon have shown that external periodic forces
or torsional vibrations of the telescopic screw itself have caused them. Differential equations of transverse
oscillations of a rotating elastic body have been deduced under the motion condition of a continuous stream
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of homogeneous medium on it with a constant relative linear velocity ¥ =10 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 mixturey» 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 L =6 m = 20-40 s). For working bodies of greater length, the amplitude of the transition through the
resonance is greater (from 10-25 s™ at L =8 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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B. I'yne, U. I'eBko, O. JIamyk, O. I'eBko, M. Cokoi, W. Hlyct

AjliHasMaJibl TepOesicTepMeH HerizaeareH
«TeJIECKONMMSJIBIK 0ypamMa-cychbIMAJIbl OPTa)
’KyleCiHIH pe30HAHCTBIK TepOesicTepiH 3epTTey

Maxkanana OypaHaaibsl TachIMalJaFBILITAPABl JKacay Ke3iHAEe TENCCKOIHs KaruAaThlH HaillauaHyIblH
©3eKTUIIri Heri3fenreH, ojap OyTriHAe aWTapibIKTail Y3BIHIBIFBIH ATy YIOIH KYpAeNi OpBIHAANambl, Oyl
OJIapAbIH KOHCTPYKUMSJIApBIH KbIMOAT JKOHE KYPBUIBIMIBIK TYPFbIIAH Kypaenmi ereai. Jlepekrepii KawerTi
TipKkeyMeH GacKapy.IblH aBTOMATTaHABIPbUIFAH PEXKUMIH/IE KOFAPhI AJIIKIICH KeH ayKbIM/Ia TEXHOIOT USIIBIK
MPOIIECTI 3epPTTEY HOTHKEJIEPIH OJIIeyai KaMTaMachl3 CTETiH OSKCIEPUMEHTTIK >KaOIBIK KEATipLIreH.
KypbliFaH MaTeMaTHKaIBIK MOICIBIIH HETI3IHAC «TCICCKOMMSIIBIK BHHT-CYCHIMANIBI OPTa». KYHECIiHIH
(Gu3nKa MEXaHMKAIBIK JKOHE TI'E€OMETPHSUIBIK IapaMeTpiIepiHeH aybITKy OYPBIUTHIK  SKbUIAMIBIFbIHBIH
Toyenniniri amsiHabl. OHBIH HETi3iHIE PE30HAHCTHIK JKarAail yIIiH OHBIH. TepOETiCTePiHiH aHBIKTANThIH
napamMeTpiiepiHiH e3repy 3aHJapblH CHIATTAWTHIH aHAJIWTHUKAJIBIK KATHIHACTAp ajblHFaH. Pe30HaHCTHIK
TepOernicTep Ke3iHze, alHATYIBIH eloyip OYpPHINTHIK XBULNAMIBIEEl OONFaH Ke3fie, MUIril TepOericTepmin
MEHIIIKTI JKUUITI a3 xoHe Oip Me3riige pe3oHaHC apKbUIBI OTYy aMIUIMTYIAchl a3 €KeHi aHbIKTayFaH. Imiki
PE30HAHC apKbUIbl OTY Ke3iH/e YaKbIT OOMBIHIIA aifHAITYABIH OYPBILITHIK JKbUIIAMABIFBIHBIH SPTYPIli MOHIEPI
YILIIH XKYHeHIH KeJIeHeH TepOeliciHiH aMIUINTYIachIHBIH HOTIDKENepl OepiiireH, o endyip Jopexene opra
KO3FAJIBICBIHBIH (pU3HKa-MEXaHUKAJIBIK JKOHE T€OMETPHUSIIBIK CHIIaTTaMaIapblHa OaliIaHbICTHI.

Kinm ces30ep: KoHBeliepiep, MEXaHUKAIBIK >KyHenep, (KemiK-0ejy >Kyieci, AMHAMUKAIBIK MOICIBICY,
aMIUTUTyjajiap, Pe30HAHC, TEJICCKONMMUIBIK OypaHzaa, CychIMajbl OpTa, OYPBIMTHIK aifHAy KbLIIaMIBIFbI,
aifHanMaIel TepoericTep.

B. I'yne, U. T'eBko, O. Jlamyk, O. I'eBko, M. Cokoi, W. lyct

HccnenoBanne pe30HAHCHBIX KOJe0AHUI CHCTEMBI
«TEJIECKONNYECKHN BUHT — ChIIy4asi Cpeaay,
00yCJIOBJIEHHBIX KPYTWIbHBIMHU KOJ1€0aHUAMU

B crathe 000CHOBaHA AaKTYalbHOCTh MCIOJIB30BAHUS MPHHIMIA TENECKONUH TPHU CO3JAHUM BHUHTOBBIX
TPaHCHOPTEPOB, KOTOPBIE CETOAHS [UISl MOTYUSHUs] 3HAUUTENBHOH JJTMHBI BBIMOIHAIOTCS CIO0XKEHHBIMH, UTO
JeTaeT UX KOHCTPYKIMK AOPOTHMH U KOHCTPYKTHBHO HEOMNPABJAHHO CIOKHBIMU. IIpHBeieHO SKCTIepUMeEH-
TalbHOE 000pYAOBAaHHE, KOTOPOE 0OECEYNBAET H3MEPEHUE PE3yIbTaTOB HCCIEN0BAHUS TEXHOIOTHYECKOTO
Iporecca B MHUPOKOM JINara3oHe ¢ BBICOKOH TOYHOCTHIO B aBTOMAaTU3MPOBAHHOM PEKHME YIIPaBICHHS C He-
obxomumoit ukcarmeil naHHbIX. Ha 0ocHOBEe MOCTPOCHHOH MaTeMaTHYeCKOH MOJEIH IOJIydeHBI 3aBUCHMO-
CTH YTJIOBOH CKOPOCTH BO3MYIICHHUS OT (PU3MKO-MEXaHMUECKUX M T€OMETPUYECKHX ITapaMETPOB CHCTEMEI
«TeNMEeCKOIMMYEeCKNIT BUHT — CBIMydas cpefa». Ha ee 6a3e moydeHbl aHATUTHYECKHAE COOTHOIIEHHS, OIHCHI-
BaIOII[VIe 3aKOHBI N3MEHEHHUS ONPEAENAIOINX MapaMeTPOB €ro KonebaHuil A1 pe30HaHCHOTO ciydvas. Ycra-
HOBJIEHO, YTO NPH PE30HAHCHBIX KOJNEOaHUsIX, KOTAa €CTh 3HAUNUTEIbHBIE YTJIOBbIE CKOPOCTH BpAIlEHHUs, CO0-
CTBEHHAs] YacTOTa M3TMOHBIX KOJEeOaHWH M OJAHOBPEMEHHO aMIUIMTYZA IMepexoja uepe3 pPEe30HAHC MEHBIIE.
IIpencraBneHsl pe3ynbTaThl aMIUIUTY (Bl MOMEPEUHBIX KOTEOAaHUN CHCTEMBI JUIS PA3IMYHBIX 3HAYEHHH yrio-
BOH CKOPOCTH BpaIlleHUs] BO BPEMEHH IIPH IIepexo/ie dyepe3 BHYTPEHHH Pe30HaHC, KOTOPHIH B 3HAYUTENEHOI
CTEIEHH 3aBHCHUT OT (PU3NUKO-MEXaHMIECKUX M T€OMETPHUECKUX XapaKTEePUCTHK ABHKEHUS CPEBL.

Kniouesvie cnosa: xOHBeHepbl, MEXaHUUECKUE CUCTEMBI, TPAHCIIOPTHO-PA3EIIUTEIbHAS CUCTEMA, JUHAMUYC-
CKO€ MOJECIMPOBaHME, aMILIUTY/a, PE30HAHC, TEICCKOIMYECKUN BHHT, Chlydas Cpejla, yriioBas CKOPOCTb
BpAILlEHUs], KPYyTHIIbHBIE KOeOaHusl.
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