TEOTEXHIYHA I TIPHUYA MEXAHIKA, MAWNHOBYAYBAHHA

UDC 621.867.42

R.M. Rohatynskyi, Dr. Sci. (Tech.), Prof.,
Iv.B. Hevko, Dr. Sci. (Tech.), Assoc. Prof.,
A.Ye. Diachun, Cand. Sci. (Tech.)

Ternopil Ivan Pul’uy National Technical University, Ternopil,
Ukraine, e-mail: dyachun_andriy@ukr.net

THE RESEARCH OF THE TORSIONAL VIBRATIONS OF THE SCREW
IN TERMS OF IMPULSIVE FORCE IMPACTS

TepHOMIBCHKUIT HAIIIOHATIBHII TEXHIYHUN YHIBEPCUTET
imeni IBana ITymrosi, M. TepHomiss, Ykpaina,
e-mail: dyachun_andriy@ukr.net

P.M. PoraruHcbKuid, I-p TeXH. HayK, npod.,
IB.b. I'eBKO, A-p TEXH. HAYK, AOL.,
A.€. IsiuyH, KaHJ. TeXH. HAYK, JA0L.

JOCJIIKEHHS KPYTUJBHUX KOJIMBAHB IIHEKA Y BUITAJIKY
JII IMITYJIbCHUX CIT

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 Van-der-Pol’s methods combination, which al-
lowed receiving the equations in a standard form in terms 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 of the screw were explored on condition that the moment of forces of resistance is proportional to the relative angular ve-
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
in the abrupt change of the screw amplitude and the phase of vibrations 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

of the 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 of bulk 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 [1-3]. 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 of the 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-
horev AM., Hevko B.M., Owen P.J. [1], Rohatynskyi R.M.,
Rorres 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 altering 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 in a 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 of a
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 for bending [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 in 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
screw.

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 of bulk 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

2
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where 6(x,7) is a twist angle of a screw, [ is a linear
moment 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, §(...) — Dirac function,
that acts periodically over a period of t at time moments

0) [9,@,@j — function, which characterizes the intensi-
ox ot
ty of impulsive force impacts at the time moments men-
tioned.
If the properties of 5 —function are used
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the system of differential equations (1) after the averaging
is as follows
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where Uzzi, wy is a frequency of the vibrations in a
T

screw.

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

0(x,1)=a(r) X (x)cos(wyt + (1)) (5)
In (5) the amplitude of torsional vibrations @ (¢) and
its phase = wy +¢(¢) 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

of a 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(z) i
vy =y(¢). Then, the first “improved” approximation of the
parameters a and y is represented as follows
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where o (1,4 ) is a periodical function, which comprises the
sin ]l) t t; )

J
The above mentioned formulae show, that in terms of
non-resonance the impulsive pattern of loading becomes
apparent in the amplitude drop change « and phase

sum of z

nokp

V0, At the 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
wp Ly (p.g —reciprocals); here y, = 2

T

The above mentioned substantiates the following dif-

ferential equation for impulsive force impacts

2
o] —[qu] +pA ()
P

where pA is a deregulation of frequencies 7'(r)=acosy .
In this case, the usual differential equations relative to vari-
ables a(¢) ande() acquire the form of
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Taking into consideration the assumption, that O(...) and
0,(~) — multinomial, the functions F (acosy,-aw, siny)
and F; (a cos y,—aw, siny) are represented in the form of
Fourier series. Using the information above and the
properties of 6 of Dirac function (2, 3), the system of the
differential equations (9) after the approximation ac-
quires the form of

66

dt = 2nq Z(Flf] Z(F” )cos n( pe+qut; )+

+F,’ (a)sinn(pe+qvut,))+Fy (a)).

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 «,,  and v, at the moment of

nop
impulsive forces action show a jump 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-
or 00 (x, t)

ot
mated by the function 2(x,¢)+v0’ (x,). The differential

, and the moment of impulsive forces is approxi-

equation of the torsional vibrations of a screw is as follows

o’ GJ, 0’0 3
g*liog (Xe(x t)+"{e (X t)
. 00
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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 0(x,7)=X(x)7T(r). After simple transfor-

mations, the differential equations are reduced to a simple
form of differential equation

d’ n ,
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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] (1, =0, ¢, = 21) are described by
v

means of the differential equations

da a

a = Py
v _, 4 (Mo Sra'u]
dt ol 8 32

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

2, Aot 3yoa]
T(t)=age > cos mt+90—i+ ki
8t 321w

B] (12)

where g, and 6, are determined to be starting conditions.

Thus, the influence of impulsive forces results only in
change of the frequency of the vibrations of a screw.

ISSN 2071-2227, HaykoBun BicHuK HI'Y, 2015, N2 5



TEOTEXHIYHA I TIPHUYA MEXAHIKA, MAWWWNHOBYAYBAHHA

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

~g— . 13
oxq7 (13)

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

T(1)= a(t)cos(gqt+(p(t)j,

where functionsa(r) and ¢(¢)are determined from the

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

P Y
R

nance at different parameter values

[=10m; G=80GPa; /,=3,4675kgm.
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Fig. The amplitudes of resonance torsional vibrations at
different values of the parameter o, at: 1 — J,=
0,10248x10*m*,; 2 Jy=0,1147x107*m*; 3 -

Jy=0,1215% 107 m*

Conclusions and development prospects. The repre-
sented graphical dependencies and their comparison with
the resonance curves in case of bending vibrations [7] make
it possible to state, that resonance value of the amplitude of
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the vibrations of a screw takes a smaller value at larger fre-
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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Mera. [IpoBecty aHaii3 BIUIMBY IMITYJbCHUX CHJI Ha
HEJTiHIHHI KPYTHIIbHI KOJIMBAHHSI IITHEKa.

Mertoauka. Meroyka 6a3yeThesi Ha TOEAHAHHI METO-
niB bybnoa-I'anbopkina ta Ban-aep-Ilons. 3 ii nomnomo-
TOI0 OTPUMAaHI PIBHSIHHS Y CTaHAAPTHOMY BHIJISI JUISl BU-
MaJKy il IMITYJTbCHUX CHIL

Pesyabrarn. IlpencraBneHa MaTeMaTHdHAa MOJEINb
KPYTWIBHHUX KOJIMBAaHb IIHEKA Y BUNAIKY [l IMITYJIbCHHX
cuit. BeraHoBiieHO cTpuOKOONiOHMIT XapakTep 3MiHH aM-
IUTTYJHO-9aCTOTHUX XapaKTEePHCTHK KPYTHIBHUX KOJIH-
BaHb IIHEKA. PO3IIISIHYTI pe30HaHCHI KpyTHIIbHI KOJIMBaH-
Hs [IHEKA ITiJ JI€0 IMITYITbCHUX CHIL. JIOCIHiIKEeHI KpyTH-
JIbHI KOJIMBAHHS IITHEKa 32 YMOBH, 10 MOMEHT CHJI OTIOpY
TPOTIOPIIIHHUNA BIAHOCHIHM KyTOBIH MIBUAKOCTI PyXy IIHE-
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Ka, @ MOMEHT IMITyJIbCHUX CHJI alfpOKCHUMYETHCS HETiHIH-
HOIO (hyHKIIi€r0. BcTaHOBIEHO, 110 B IhbOMY BHITAIIKY BIUTHB
IMITYJIbCHUX CHJI NPOSIBIIETBCSL Y 3MiHI JIMIIE YacTOTH KO-
JMBaHb IIHeKa. [IpeacTaBieHi amMIuIiTyIHO-4aCTOTHI Xapa-
KTEPUCTHKN KPYTWJILHUX KOJIMBaHb IIHEKA 32 PI3HUX 3HA-
YeHb HOro TeOMETPUYHUX MapamMeTpiB.

HaykoBa HoBHM3HA. JIOCII/PKEHO BIUIMB IMITYJIBCHHX
CHJI Ha PE30OHAHCHI Ta HEPE30HAHCHI KPYTHWIbHI KOJIMBAHHS
ITHEKa, BCTAHOBIICHI BiIIOBIHI aMIDTITYJIHO-4aCTOTHI Xa-
PAKTEPUCTHKHL.

IpakTnyHa 3HaYNMicTh. BeTaHoBIEHO, 10 B HEpe3o-
HAHCHOMY BHIIQJKy IMITYJIbCHUH XapaKTep HAaBaHTAKCHHS
Ha IITHEK MPOSIBISIETHCS Y CTPHOKOIIONIOHIN 3MiHI aMILTITy-
1w Ta (pa3u KOJIMBaHb IITHEKA B MOMEHT il IMITYJTbCHUX CHIL.
Ix nist 3a mepion ekcruTyaTallii IHEKOBUX MAalMH HAPOCTAE
Ta 3 4aCOM MOXK€ TPHUBECTH JIO0 3HAUYHUX aMILTITY] KPYTH-
JBbHUX KOJIMBaHb IIHEKA. BCTaHOBICHO, IO pE30HaHCHE
3HA4YCHHA aMHJ'IiTy}II/I KOJIMBaHb IIHCKAa 3MCHUIYETHCS IIPU
30UIBIICHHI YaCTOTH KOJIUBAHb.

KutrouoBi ciioBa: winex, kpymuivbni Konueamnms,, imnyis-
CHI cunu

Henas. [IpoBecTr aHAN3 BANSHUS NUMITYJILCHBIX CHJI HA
HEJIMHEHHBIE KPYTWIbHBIE KOJICOaH!s [ITHEKa.

Metoauka. basupyercss Ha codeTaHun MeTonoB byo-
HoBa-I'anépkuna u Ban-nep-Iloms. C ee moMoIpio moiy-
YEeHBl TaK Ha3bIBaGMble YPABHEHUsS B CTAHJAPTHOM BHEC
JUISL CITydasi IEUCTBUSI UIMITYJIBCHBIX CHIL.

PesyabTaTsl. IlpeacraBneHa maTeMaTH4yecKas MO-
JIeNTb KPYTHUIIBHBIX KOJIeOaHNH [THEKa B cilyyae ACHCTBHS
UMITYJIbCHBIX CHJI. Y CTAHOBIICH CKaYKOOOpa3HBINA Xapak-
Tep M3MEHEHHUSI aMIUIUTYIHO-YAaCTOTHBIX XapaKTePUCTHK
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KPYTHJIBHBIX KojieOaHui ImIHeka. PaccmoTpensl peso-
HaHCHBIE KPYTHIIbHBIE KOJIeOaHMsl IIHEKA MO JIeHCTBHEM
UMIYJIbCHBIX cwi. VccrmemoBaHBl KpyTHIIBHBIE KojeOa-
HUSl IIHEKA [IPU YCJIIOBUH, YTO MOMEHT CUJI COIIPOTUBIIE-
HUSl MPONOPLMOHAIEH OTHOCUTEIBHOW YIVIOBOM CKOpO-
CTH JIBUKEHMS LIHEKA, 3 MOMEHT MMIIYJbCHBIX CHJ all-
MIPOKCUMHUPYETCS HEMMHEHHON (pyHKIHEH. Y CTAaHOBJICHO,
YTO B 3TOM CJIy4ae BIUSIHUE MMITYJIbCHBIX CHJI IPOSBIIS-
eTcs B WM3MEHEHHMHM JIMIIb YacTOTHl KOJICOAHMH ITHEKa.
IIpencraBineHbl aMIUIMTYIHO-4aCTOTHBIE XapaKTEPHUCTHU-
KU KPYTHJIBHBIX KOJICOQHHM IIHEKa MpH pa3HbIX 3Have-
HUSIX €r0 FeOMETPUUECKUX MapaMeTpOB.

Hayunasi HoBuM3HA. Vccie0BaHO BIIMSIHUE UMITYJIbC-
HBIX CUJI Ha PE30HAHCHBIC U HEPE30HAHCHLIC KPYTWUJILHLIC
KOJICOAHMs IITHEKa, YCTAHOBJIEHBI COOTBETCTBYIOIIHE aM-
IUIATYAHO-4aCTOTHBIE XapaKTEPUCTUKH.

IpakTuyeckasi 3HAYMMOCTb. Y CTAHOBJIEHO, UTO B He-
PE30HAHCHOM CJIy4ae UMITYJIbCHBIM XapaKkTep Harpy3kud Ha
IITHEK TMPOSIBICTCS B CKAYKOOOpa3HOM M3MEHEHHUH aMIDIH-
Tyael u (a3pl KoJeOaHMi ITHEKa B MOMEHT JCHCTBHS M-
myJabCHBIX cwl. VX nedcTBUE 3a NEPHOX OIKCILTyaTalUy
ITHCKOBUX MAIlIH HApaCTa€T U CO BPECMEHEM MOJKET IIPUBEC-
CTH K 3HAYMTEIIbHBIM aMILUINTY/aM KPyTHIIBHBIX KOJIeOaHUi
IITHEKa. Y CTAHOBJICHO, YTO PE30HAHCHOE 3HAYCHHE aMILIU-
TyAbl KOJNeOaHMIl ITHEeKa yMEHBIIAeTCsl NMPU BO3PACTAHUU
9acTOT KOJIeOaHHIA.

KaroueBrble c10Ba: wiHek, KpymuibHbie KOICOAHUs, UM-
NYIbCHBIE CUNBI

Pexomenoosano 0o nyonikayii O0okm. mexH. HayK
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