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Purpose. To analyze the impulsive force impact on nonlinear torsional vibrations of a screw.

Methodology. The methodology is based on the Bubnova-Galorcina’s and VVan-der-Pol’s methods combination, which al-
lowed receiving the equations in a standard form interms of the impulsive force impacts.

Findings. The mathematical model of torsional vibrations of the screw in terms of the impulsive force impact was pre-
sented. The abrupt nature of changes in the amplitude-frequency characteristics of torsional vibrations of the screw was stud-
ied. The resonance torsional vibrations of the screw were considered under the impulsive force impacts. The torsional vibra-
tions ofthe screw were explored on condition that the moment of forces of resistance is proportional to the relative angularve-
locity of the screw motion and the moment of impulsive forces is approximated by a nonlinear function. It has been deter-
mined, that in such a case the influence of impulsive forces becomes apparent only while changing the screw vibration fre-
quency. The amplitude frequency characteristics of the torsional vibrations of the screw in different geometric parameters
were presented.

Originality. The influence of impulsive forces on resonance and on non-resonance torsional vibrations of the screw was
explored. The proper amplitude frequency characteristics were established.

Practical value. It has been established that in the non-resonance terms the impulsive nature of the screw loading results
inthe abmpt change of the screw amplitude and the phase ofvibrations when the impulsive forces are performed. Its influence
rises as the time of the screw machines exploration passes and it can result in considerable amplitudes of torsional vibrations

ofthe screw. It has been established that the screw resonance falls as the vibration frequency raises.
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Introduction.  Screw conveyor transport and techno-
logical mechanisms are widely used in different branches
of industry, including mining industry, for the transporta-
tion ofbulk and lump materials. The efficiency of the oper-
ation of many bays, shops and the whole enterprises de-
pends on their reliable functioning. Screw conveyors can be
characterized by the simplicity of their design and, conse-
quently, high reliability, easiness of operation and adjust-
ment when used in automated systems and by being eco-
logically-friendly to the environment because of their her-
meticity [13]. High-speed screw conveyors are used for
all-purpose loading and unloading complexes, which are
designed to transport load on horizontal, declining the ver-
tical routes. The existing methods are based on a number of
theoretical and experimental investigations as well as on
the analysis of the statistical data on the results of their ex-
ploitation. In order to provide the reliability and the quality
of the technological processes performed by conveyor
mechanisms, it is necessary to take into account the dynam-
ic vibrations, caused by outside power factors and the pecu-
liarities ofthe functioning of screw conveyors.
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Latest researches and publications overview. The
fundamentals of the designing and the investigation of
screw conveyors were laid by such scientists as Hry-
horevA.M., Hevko B.M., Owen P.J. [1], Rohatynskyi R.M.,,
Rones C. [2], Loveikin V.S. [4], Hevko R.B. [3] and other.
The development of the theory of vibrations was elaborated
by V.S. Loveikin [4], L.Q. Chen [5] and others. In case of
forced vibrations, in other words those vibrations, which are
caused by the influence of periodical forces, the frequency
of which is altenng in time, the amplitude of vibrations and
the dynamic stresses depend essentially on the frequency of
the forcing power. When the above-mentioned frequencies
are the same, or when the frequency of forcing power ap-
proximates the natural frequencies ina screw and in the case
of low damping, resonance is developing [6, 7], that is the
amplitude of vibrations is increasing rapidly. Such a rise in
the amplitude causes an essential increase of a twist angle or
deflection of a screw. With the increase of angle or linear
deformations, the dynamic stress in the working bodies ofa
screw increases as well. In this case, dynamic stresses (reso-
nance) depend both on inside factors (physical and mechan-
ical parameters of a screw, its geometric sizes etc.) and on
the outside ones. The outside factors include the angular rate
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of the rotation of a screw and the value of outside disturbing
forces forbending [7] and torsional vibrations [6].

Unsolved problems of the general issue. During the
work of the screw mechanisms the force impulsive impact
on the working parts due to the peculiarities of lump cargo
transported and the screw bending deformations can often
lead to the significant torsional amplitudes of vibrations in
the screw, and therefore to reducing the reliability of its
work. The problem of investigating the torsional vibrations
of the screw working parts that occur at various modes of
its operation m non-resonant and resonant zones, and, rela-
tively, to the reliability of screw in the transport and tech-
nological systems, is not currently paid enough attention
resulting in the need for further researches.

The purpose of the research is to analyze the impulsive
force impacts on the nonlinear torsional vibrations of the
Sscrew.

Research results. General results, presented in the pa-
pers [6, 7], are used for the investigation of the impulsive
force impacts on the torsional vibrations of a screw. A
screw rotates around the axis, making torsional and bend-
ing vibrations. In many cases, the last ones cause the short-
lasting periodical influence on torsional vibrations. The
question is about the contact of a screw and a casing, trans-
portation ofbulk loads of relatively large sizes and other. A
mathematical model of the torsional vibrations of a screw
conveyor for the above-mentioned influence of the external
immediate forces is the following differential equation
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where 0(x.t) is atwist angle ofa screw, | is a linear mo-

ment of inertia of a screw about a strainless axis, G is a
shear modulus of the screw material, J is an equatorial
moment of the screw cross-section, 8(...) - Dirac function,
that acts periodically over a period of x at time moments
/'l, 0 fe’&1ajl - function, which characterizes the intensi-

ty of impulsive force impacts at the time moments men-
tioned.
Ifthe propeities of 8-function are used
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the system of differential equations (1) after the averaging
is as follows

da
at
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where u=_,
-

0 is a frequency of the vibrations in a

Sscrew.

From the technical point of view, the above-mentioned
equations can be integrated and the dynamic process of a
screw conveyor can be shown as

9(x,f) =a(t)X (.r)cos(coef +cp(f)). (5)

In (5) the amplitude of torsional vibrations a(l) and
its phase \p=cer+q(r) are determined by the system (4).

The indicated solution will be the first approximation to
the task stated. In order to describe a jump pattern of
change for the main parameters of the torsional vibrations
ofa screw, it is necessary to find its first improved approx-
imation. In order to find it, we assume, that the solution of

the differential equations (4) is the functions a=a(t) i
\/=\|/(i). Then, the first “improved” approximation of the
parameters a and « is represented as follows
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where a (/./, ) is a periodical function, which comprises the

sumofy”M H ).
; J
The above-mentioned formulae show, that in terms of
non-resonance the impulsive pattern of loading becomes
apparent in the amplitude drop change a and phase

W  atthe moment of impulsive forces action. During the

use of screw machines their action increases and sometime
later it can lead to considerable amplitudes of the torsional
vibrations.

The resonance torsional vibrations of a screw under the
impulsive force impacts should be considered. Much more
important case of torsional vibrations is the one, where the
frequency of natural oscillations is connected with the fre-
quency of impulsive disturbance by the correlation

toe « u (p,q - reciprocals); here D=— m
P T

The above mentioned substantiates the following dif-
ferential equation for impulsive force impacts

2
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dt2 \p
dT
@
H
COg="—o0j +pA, ®)

where g\ is a deregulation of frequencies T (f) =acos\p
In this case, the usual differential equations relative to vari-
ables a(t) andcp(/) acquire the fonn of
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Taking into consideration the assumption, that o(...) and
e (.) “ multinomial, the functions F (acos >}, -acoesin\p)
and p. (acosvp,-acoe simp) are represented in the form of

Fourier series. Using the information above and the
properties of 8 of Dirac function (2, 3), the system of the
differential equations (9) after the approximation ac-
quires the form of
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Thus, in terms of resonance as a contrast to non-
resonance, the additional terms have appeared in the ap-
proximated equations. But being similar to the non-
resonance case, the values a and w  at the moment of

impulsive forces action show ajump change.

The torsional vibrations of a screw should be consid-
ered in the case, when the moment of sustaining power is
proportional to relative angular velocity of a screw convey-

orl—dt2 I, and the moment of impulsive forces is approxi-

mated by the function '/ (Jx,t)+yQ- (xj) . The differential
equation of the torsional vibrations of a screw is as follows

0 GO o 1) +y03(x, )
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According to the Bubnov-Halorkin method, the solution
to the equation (10) is shown to be the same as in paper [6]
in the form of Q[x,t) =X(x)T(t). After simple transfor-

mations, the differential equations are reduced to a simple
form of differential equation
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For non-resonance vibrations of a screw conveyor, the
amplitude and the vibration frequencies according to the
results given in paper [6] (/,=(), 12 =2—7l ) are described by

u

means ofthe differential equations

da_ a,

@ Py
o\ P Xu 3yax
dt @t g 32

Having integrated the obtained system of differential
equations, the first approximation of the solution to the equa-
tion ofthe torsional vibrations of a screw conveyor is found

Xvt | 3yua] p/
=are 2 t+0 (12)
T(t) =ape 2 cos cot+On 8xo  3iTdco
where a0 and OCare determined to be starting conditions.

Thus, the influence of impulsive forces results only in
change ofthe frequency of the vibrations of a screw.
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Resonance vibrations should be considered. Let’s as-
sume, that the frequency of natural oscillations of a screw
conveyor is connected with the frequency of the impulsive
disturbance by the following correlation

(oxq—. (13)

In this case, a first approximation of the solution ofthe
differential equation (12) has the following form

T (?) =a(?)cosf-j42+cp(?)j,

where functionsa (?) and cp(?)are determined from the
system of differential equations.

da Ba a{2X +la2)

p(— + — e

- sin 2cp+sin
dt 2 4%
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dt 4w 2nq

2
cos2cp+cosf2cp+i/-")]+ 2 +(-1) Fcosdcp) m(14)

The figure shows the amplitudes of the torsional vibra-
tions of a screw when there is a transition through the reso-

nance at different parameter values m :_/ | 1 at

HOm; O80GPa;/0=3,4675kgm.

82 83 84 85 86 87 88 89 90 v gl

Fig. The amplitudes ofresonance torsional vibrations at
different values of the parameter oe at: 1 —jO=
0,10248x10",m4; 2 - J0=0,1147 x10"m4/ 3 - J 0= 0.1215x
10"4m4

Conclusions and development prospects. The repre-
sented graphical dependencies and their comparison with
the resonance curves incase ofbending vibrations [7] make
it possible to state, that resonance value of the amplitude of
the vibrations of a screw takes a smaller value at larger fre-
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quencies. The obtained results give the possibility to avoid
resonance torsional vibrations of a screw in case of its ex-
ploitation under the influence of impulsive forces due to the
change of material transportation conditions. Based on the
taken out equations, it is possible to develop the automated
systems of management for the processes of material trans-
portation using screw machines.
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MeTa. MpoBecTV aHani3 BNAMBY iMMYNbCHUX CWU Ha
HEeNiHINHI KpYTWU/bHI KONMBaHHS LLUHEKa.

MeToanka. MeToauka 6a3yeTbcs Ha MOefHaHHI MeTo-
fiB by6HoBa-IanbopkiHa Ta BaH-gep-IMons. 3 i gonomo-
ro0 OTPUMaHI PIBHSIHHS y CTaHLAPTHOMY BUINAAI 4SS BU-
nagky Aii iMnyabCHUX Cun.

PesynbTatu. [peacTaBneHa MaTemaTW4Ha MOAENb
KPYTWU/IbHUX KOMMBaHb LUHEKa Yy BUNagKy Ail iMAynbCHUX
cun. BCTaHOBNEHO CTPUBKONOAiIGHWIA XapaKTep 3MiHM am-
MAITYAHO-4aCTOTHUX XapaKTepUCTUK KPYTWIbHUX KOMW-
BaHb LUHeKa. PO3rnsaHyTi pe30HaHCHI KPYTW/bHI KO/IMBaH-
HA WHeKa Nifg gieto iMNynsCHUX cun. JocnifkeHi KpyTu-
NbHi KOMIMBaHHS LLHEKa 3a YMOBU, L0 MOMEHT CU/ OMopy
NPOMOpPL,iHWIA BIAHOCHI KYTOBIl LWBMAKOCTI PyXy LUHe-
Ka, & MOMEHT IMMYNbCHUX CW/ anpPOKCUMYETbLCA HENiHiN-
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HOK (pyHKLiet0. BCcTaHOBMEHO, LLO B LbOMY BUNaay BB
iMNYAbCHUX CUAT NPOABAAETLCS Y 3MiHI NMLLE YaCTOTU KO-
NMBaHb LWHeKa. MNpefcTaBneHi amnaiTy4HO-4aCTOTHI Xapa-
KTEPUCTUKN KPYTUIbHUX KOMMBaHb LLUHEKA 3a Pi3HUX 3Ha-
YeHb Oro reoMeTPUYHKX NapameTpiB.

HaykoBa HOBM3Ha. [OCAigKeHO BNAUB iMMY/bCHUX
CWUN Ha Pe30HaHCHI Ta Hepe3OHaHCHI KPYTWAbHI KONMBAHHSA
LLIHeKa, BCTaHOB/EHI BiAnoBigHI amMnAiTy4HO-4aCTOTHI Xa-
PaKTePUCTUKM.

MpaKTWMyHa 3Ha4YMMicTb. BCTaHOBMEHO, WO B HEpeso-
HaHCHOMY BMNaAKy IMMY/bCHUIA XapaKTep HaBaHTaXEeHHS
Ha LLHEK NPOSBAAETLCA Y CTPUOKONOAIGHIN 3MiHI aMnniTy-
AM Ta (ha3n KoNmBaHb LLIHEeKa B MOMEHT AiT iMNy/NbCHUX CUA.
X [Hi 3a nepiofg ekcnyaTayii LUHEKOBMX MalUWH HapoCTae
Ta 3 YaCOM MOXE MPUBECTU A0 3HAYHUX aMnNNiTy[h KpyTu-
NbHUX KOMMBaHb LUHeKa. BCTaHOBMEHO, L0 pe3oHaHCHe
3HAYeHHS aMNAiTYAM KOMMBaHb LUHEKa 3MEHLUYETbCA Mpu
36iNbLUEHHI YaCTOTUN KOMMBaHb.

Knto4oBi cnoBa: LUHEK, KPyTWUNbHI KOMBaHHS, iMNy/b-
CHi cunm

Llenb. MNpoBectn aHann3 BAVAHWUSA UMMYbCHLIX CUJT HA
HeNIMHENHbIE KPYTUbHbIE KONebaHWs LHeKa.

MeToguka. basupyeTtca Ha coyeTaHun meTogoB By6-
HoBa-lanépkuHa n BaH-gep-Monsa. C ee nomoLpo nony-
YeHbl TaK Ha3blBaeMble YpPaBHeEHWs B CTaHLapTHOM Buie
40151 cnyyas felicTBUS MMMYbCHBIX CUJL.

PesynbTaTbl. [NpefctaBneHa maTemaTuyeckas Mo-
[enb KPYTUNbHbIX KonebaHWii WHeKa B ciy4vae AelicTBus
MMMYNbCHBLIX CWUM. Y CTaHOB/IEH CKA4YKO0Opa3HbIA xapak-
Tep WU3MEHEHUS amMmIUTYLHO-YaCTOTHbIX XapaKTepucTunk
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KPYTU/bHBIX KonebaHuidi LwHeka. PaccmoTpeHbl peso-
HaHCHble KPYTU/IbHble KOMe6aHus LHEKA NOA AeACTBMEM
MMNY/bCHLIX CUA. MccnefoBaHbl KpYTUNbHbIE Koneba-
HWS LLIHEKa NpW YCNOBUM, YTO MOMEHT CW/ COMPOTUBIIE-
HWUS NPONOPLUMOHaNeH OTHOCUTENbHOW Yri0BOW CKOPO-
CTW [BWKEHUSA LUHEKa, a MOMEHT UMMNYMbCHbIX CUA an-
MPOKCUMMNPYETCA HENMNHEHON PYHKLUER. Y CTaHOBNEHO,
4TO B 3TOM C/lyyae BAMSIHWE MMMY/bCHBIX CW/ NPOSBAS-
eTcAd B M3MEHEHWW NULb 4acToTbl KofebaHWiA LiHeKa.
MpeacTaBneHbl aMMNAMTYAHO-YACTOTHbIE XapaKTepucTu-
KU KPYTWU/bHbIX KOMe6aHUIA LLHeKa Npu pasHbIX 3Haue-
HWAX ero reoMeTpPMYecKNX napameTpos.

HayuHas HoOBM3Ha. ViccnefoBaHO BAMSHME UMMY/bC-
HbIX CU/T HA PE30HaHCHbIE W HEPe30HAHCHbIE KPYTU/IbHbIE
KonebaHus LUHeKa, YCTaHOB/IEHbI COOTBETCTBYHOLLUME aM-
MANTYAHO-YaCTOTHbIE XapaKTePUCTUKM.

MpakKTMyeckas 3HaYMMOCTb. YCTaHOBMEHO, YTO B He-
Pe30HaHCHOM Cfly4ae UMMY/bCHBIA XapakTep Harpysku Ha
LUHEK NPOSIBASETCS B CKAYKOOOPA3HOM U3MEHEHUM amMnn-
TyfAbl U (ha3bl KOe6aHW LHeKa B MOMEHT [Ae/CTBUSA M-
MynbCHbIX cun. WX aeicTBMe 3a Mepuoj 3SKcnayaTaumu
LUHEKOBMX MaLLVH HapacTaeT U CO BPEMEHeM MOXET MnpuBe-
CTMW K 3HQUMTENbHbIM aMNANTYaM KPYTUbHbIX KonebaHuii
LUHEKa. YCTaHOB/IEHO, YTO Pe30HaHCHOe 3HaueHue aMmnau-
Tyfbl KOnebaHWi LUHeKa YMeHbLUIAeTCs Npy BO3pacTaHum
4acToT KonebaHui.

KntoueBble CNoBa: LHEK, KPyTWbHbIE KonebaHus, UM-
MyNbCHbIE CUbI
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