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Abstract: The aim of the research is to analyze the
influence of pulse forces on non-linear torsorial vibrations
of a screw conveyer.

The methodology is based on the combination of the
methods by Bubnov-Halorkin and Van der Pol. With the
help of this methodology we have developed the so
called equations of a standard form for the case of pulse
forces action.

A mathematical model of the torsorial vibrations of a
screw conveyer under the influence of pulse forces is
presented. It has been determined, that there is a jump
pattern of change of the amplitude-frequency
characteristics of the torsorial vibrations of a screw
conveyer. Resonance torsorial vibrations of a screw
conveyer under the influence of pulse forces have been
considered. Torsorial vibrations of a screw conveyer
have been investigated in case, when the moment of
resistance forces is proportional to the relative angular
velocity, and the moment of pulse forces is approximated
by a non-linear function. It has been determined, that in
such a case the influence of pulse forces becomes
apparent only in the change of frequency of the vibrations
of a screw conveyer. The amplitude-frequency
characteristics of the torsorial vibrations of a screw
conveyer of different geometrics have been presented.

Keywords: screw conveyer, torsional vibrations, pulse
forces

INTRODUCTION

Conveyer transport and technological mechanisms
are widely used in different branches of industry,
including mining industry, for the transportation of bulk
and lump material. The efficiency of the operation of
many bays, shops and the whole enterprises depends on
their reliable functioning. Screw conveyers can be
characterized by the simplicity of their design and,
consequently, high reliability, easiness of operation and
adjustment when used in automated systems and by
being ecologically-friendly to the environment because of
their hermeticity [2], [4], [5]. High speed screw conveyers
are used for all-purpose loading and unloading
complexes, which are designed to transport load on
horizontal, declining and vertical 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 exploitation. In
order to provide the reliability and the quality of the
technological processes performed by conveyer
mechanisms, it is necessary to take into account the
dynamic vibrations, caused by outside power factors and
the peculiarities of the functioning of screw conveyers.

The fundamentals of the designing and the
investigation of screw conveyers were layed by such
scientists as A.M. Grigoryev [5], B.M. Gevko [2], R.M.
Rohatynskyi [2], V.S. Loveikin [6], R.B. Gevko [4] and
other. The development of the theory of vibrations was
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Pestome: Mema pobomu — nposecmu aHarnis ennugy
IMIAYSILCHUX CUST Ha HENIHIUHI  KpymusbHi  KONTUGaHHS
WwHeka.

Memoduka 6a3yembcsi Ha mnoedHaHHi Memodig
bybHoea-l"anbopkiHa ma BaH-0ep-llons. 13 ii dornomozoto
ompuMaHoO mak 38aHi pIGHSIHHA 'y cmaHOapmHoOMy
8uensAdi 0nsi sunadky Oii iMMyIbCHUX curl.

lpedcmasneHo mamemamu4Hy MOOEeb KPYMmuslbHUX
KonueaHb WHeka y eunadky Oif iMMynbCHUX curl.
BcmaHosneHo  cmpubkonodibHuli  xapakmep  3MiHU
amniimyOHO-4aCmOoOMmMHUX XapakmepucmuK KpymursibHUX
KonueaHb WHeKa. Po32msiHymo pe30HaHCHI KpymuribHi
KonueaHHs wHeka rid 0iero imnynbcHUX cus. [JocnioxeHo
KpymuribHi KO/MUBaHHSI WHEKa 3a yMo8u, WO MOMEHMmM
cun onopy nponopyitHuli 8iOHOCHIU Kymosil weudkocmi

pyxy  WHeka, a  MoMeHm  iMnynbCHUX  cun
anpoKcUMyembCsi HEeMiHIUHOW ¢hyHKUier. BecmaHoerneHo,
wo 8 ubomy eunalKy ernaue iMrAynbCHUX — cusn

MPOSIBNSIEMbLCS 8 3MiHi TULWE Yacmomu KonueaHb WHeKa.
lpedcmasneHo amnnimyOHO-4acmomHi
XapakmepucmuKku KpymusbHUX KO/lu8aHb WHeKa 3a
Pi3HUX 3Ha4YeHb 020 2e0MEeMPUYHUX rapamempis.

Key words: WwHek, KpymuribHi KONU8aHHS, iMIybCHI cunu

NEPEOMOBA
LLHekosi TPaHCNOPTHO-TEXHOMOTIYHi MeXaHi3amu
LLIMPOKO BMKOPUCTOBYIOTb y pi3HUX ranyssix

NPOMUCIOBOCTI, B TOMY uucni i y BugobGyBHIM Ans
TpaHCNOPTYBaHHA CUMKUX Ta KycKOBUX Matepianis. Big
HaginHoi X poboTK 3anexunTb edeKkTUBHICTb AiSNbHOCTI
OaratbOX [AinbHWUb, UexiB i MiANPMEMCTB 3aranom.
LLIHeKkoBi TpaHCNOPTEPU XapaKTEPU3YKOTLCA MNPOCTOTOH
KOHCTPYKUii Ta, BIiOMNOBIAHO, BUCOKOK  HAZINHICTIO,
NMPOCTOTOID B KOPUCTYBaHHI Ta NeErkicTio aganTyBaHHS
NP BUKOPUCTAHHI B aBTOMATU30BaHMX CUCTEMAX,
€KOJOoriYHicTIO BUKOPUCTAHHSA BHacnigokK X
repmetudHocTi  [2], [4], [5]. [Ona yHiBepcanbHUX
po3BaHTaXyBanbHO-3aBaHTaXyBanbHUX KOMMIIEKCIB, SKi
npusHayveHi Ans TPaHCMOPTYBaHHS BaHTaxy, SK MO
rOPU3OHTAamNbHKX, MOXUNUX, TaK i BEpPTUKANbHUX Tpacax,
BMKOPWUCTOBYIOTb  LUBUAKOXIOHI  LUHEKOBI  KOHBEEPM.
IcHyto4i mMeToaM iX po3paxyHKy I'pyHTYIOTbCS Ha psAgi
TEOPETUYHUX Ta eKCnepuMeHTanbHUX OOCMiAKEeHb a
TakoX aHanisi CTaTUCTUYHUX AaHUX 3a pesynbTaTamm ixX
ekcnnyatauji. [Ins 3abe3neyeHHss HAQIMHOCTI Ta SAKOCTI

BMKOHAHHA  TEXHOMOrMYHMX  MNPOLECiB  LUHEKOBUMM
MexaHiamamy  HeoOXigHO  BpaxoByBaTU  AUHAMIYHI
KONUBaAHHSA, $Ki  3yMOBMEHi  30BHILHIMW  CUITOBUMM

hakTopamm Ta 0cobnMBOCTAMU POBOTU LLHEKIB.

OCHOBW NPOEKTYBaHHA Ta AOCHIIKEHHSI TBUHTOBUX
KOHBeepiB 3aknanu Taki BYeHi sk A.M. [puropbeB [5],
B.M. IeBko [2], P.M. PoratuHcekun [2], B.C. JlosenkiH [6],
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elaborated by V.S. Loveikin [6], L.Q. Chen [1] and other.
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 stress
essentially depend on the frequency of the forcing power.
When the above mentioned frequencies are the same, or
when the frequency of forcing power approximitates the
frequency of natural oscillations in a screw conveyer and
in case of low damping, resonance is developing [7,3],
that is the amplitude of vibrations which is increasing
rapidly. Such a rise in the amplitude causes an essential
increase of a twist angle or deflection of a conveyer. With
the increase of angle or linear deformations, the dynamic
stress in the working bodies of screw conveyers
increases as well. In this case, dynamic stress
(resonance) depends both on inside factors (physical and
mechanical parameters of a screw conveyer, its
geometrics etc.) and on the outside ones. The outside
factors include the angle speed of the rotation of a
conveyer and the value of ouside disturbing forces for
flexural [3] and torsorial vibrations [7].

MATERIAL AND METHOD
General results, presented in papers [7,3], are used

for the investigation of the influence of pulse forces on
the torsorial vibrations of a screw conveyer. A screw
conveyer rotates about an axis, making torsorial and
flexural vibrations. In many cases the last ones cause
short-lasting periodical influence on torsorial vibrations.
The question is about the contact of a screw and a
casing, transportation of bulk loads of relatively large
sizes and other. A mathematical model of the torsorial
vibrations of a screw conveyer for the above mentioned
influence of outside immediate forces is the following
differential equation
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where 0(x,t)- twist angle of a screw conveyer, | -

2
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o2 ox

linear moment of inertia of a screw conveyer about a
strain-free axis, G - shear modulus of the material of a

screw conveyer, J - equatorial moment of the cross-
section of a screw conveyer, (..) - Dirac function,
which acts periodically over a period of tat time
£, Q{aﬁ?@

ox ot
characterizes the intensity of pulse forces action at the

time moments mentioned.
If the properties of & —function are used:

moments ] - function, which

F(t)s(t)

the system of differential the

averaging is as follows:

equations (1) after

Q(G,

0
=
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P.b. TeBko [4] Ta iHwWi. Po3Butky Teopii KonvBaHb
npucesaYeHi npaui B.C. JloeelikiHa [6], L.Q. Chen [1] Ta
HWKUX. Y BUMAAKy BUMYLLEHMX KOMMBaHb, TOOTO TakuXx,
LLIO BUKIKUKaHI BNAMBOM 3MiHHWUX Y Yaci nepiognyHnx cun,
TOYHILLE KaXy4yn Takux, 4acToTa KOTPMX 3MIHIETbCA B
yaci, amnniTyga KonuBaHb, a 3Ha4YUMTb [OUHAMIYHI
HanpyXeHHs,  CyTTEBO  3amexaTb  Bi4  4acToTu
BMMYLLYtOYOi cunun. pu cniBnagaHHi BKasaHWX 4acToT,
abo npu HabNWXeHHi 4YacToTV BUMYLLYIOYOI CUAKM [0
YacTOTW BracHMX KONMMBaHb LUHEKa Ta crnabkomy
AemMndyBaHHi po3BMBaeTbCA pe3oHaHc [7, 3], To6To pisko
30inblyeTbCs  amnniTyga KonuBaHb.  Takul  picT
amnniTyaM CApUYMHSIE  3HAyHe  3pOCTaHHA  KyTa
3aKpPYYEHHS YW MPOTrMHY LUHEKa. |3 poCTOM KyTOBWX 4u
NiHIMHUX gedopmaliin 3poCTalTb AMHAMIYHI HANPYXEHHS
y LWHeKoBUX poboymx opraHax. pu LUbOMYy AWHaMIYHI
HanpyXeHHs (pe3oHaHCHI) 3anexaTb SK Bi4 BHYTPILWHIX
UMHHWKIB  ((Di3NKO-MEXaHIYHMX  MapaMeTpiB  LUHeKa,
reoMeTpu4HmMx po3mipies Ta  6y.), Tak i Big 30BHIWHIX. [o
30BHILLHIX Cnig BiAHECTW KyTOBY LUBUAKICTb 0BepTaHHsi
lWHeKa W BENUYMHY 30BHIlLHIX  30yptlolounx cun ans
3MMHHKX [3] Ta KPYTUNBbHUX KONMBaHb [7].

MATEPIAI | METOOUKA

BuknapgeHi 3aranbHi pesynbTatn y pobotax [7, 3]
BMKOPUCTAEMO AN LOCMIMKEHHS BNIUBY iMMYNbCHUX
CUI Ha KPYTUIbHI KONuBaHHA WHeka. LLHek obepTaeTbes
HaBKOMO OCi, 3AIACHIOYM KPYTUIbHI  Ta  3ruHarnbHi
KonueaHHA. B 6araTtbox BuUnagkax oCTaHHI CMPUYMHAOTb
KOpOTKOTpMBanNy nepiogvyHy  Ait0  Ha  KPYTWUIbHI
KonuBaHHA. MoBa Wae nNpo KOHTaKT LUHEKY i3 KOXYXOM,
NepeMilLleHHA  CUMKMX BaHTaXiB BiQHOCHO BEJSIMKUX
po3MmipiB Ta iH. MaTemMaTuyHOIO MOAENso KPYTUITbHUX
KONMvBaHb LUHEKY OMS BKa3aHOoi Aii 30BHILUHIX MUTTEBUX
cun € gudepeHuianbHe PiBHAHHSA

g

ne6(x,t) - KyT 3aKpyyeHHs wHeka, | - MOrOHHMNA

,j+iQi )

i=1

00 06 .
& &,aj'%S(t—(ti-l-J‘f))”

MOMEHT iHepuji LWHeka BiAHOCHO HeaedopMOBaHOI OCi,
G - wmogynb 3cyBy Marepiany lwHeka, J -
ekBaTopianbHUA ~ MOMEHT  MOMepeyHoro  nepepisy
LUHeKa,S(...) - dyHkuia [ipaka, ska gie nepiognyHo i3

. 00 00
nepiogom T y MomeHTM uacy t, Q| 0,—,—| -
ox ot

YHKLUIA, Ika XxapaKTepuaye iHTEHCUBHICTb Ail iMAynbCHUX
CuWIn y BKa3aHi MOMEHTU yacy.

SAKWo BMKOpUCTATK BNAcTUBOCTI & — cPyHKLI:

F(0)3(t),

v|1l .
—| =+ > cos jot |; 2
n[z ; JU} @
Lnpu t>0,
= 3)
0,npu ¢ <0,

TO cuctema audpepeHuianbHux piBHAHb (1) nicns
ycepefHeHHs HabyBae Burnagy
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da n
Lo B Es
dt me{ z)
d ¢
_‘P:_L{Fko
dt am,

21
where v=—
T i)

SCrew conveyer.

If it is technically considered, the fact that the above
mentioned equations can be integrated, then the dynamic
process of a screw conveyer can be shown as

we — frequency of the vibrations in a
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a)+%§ Fico (O)}, )

L Cc
@)+ 2 X F
jko (1
2n i3
27
ne V=— Wp— YacToTa BNaCHUX KONNBaHb LLUHEKA.
T )

Akwo copmanbHO BBaxaTW, LIO BKa3aHi PiBHAHHA
BAAETLCA 3iHTerpysaTu, TO AWHaMIYHUIA NPOLEC LUHEKY
npeacTaBNAeTbCs y BUrNAAi

0(xt)=a(t) X (x)cos(wyt+o(t)), (5)

In (5) the amplitude of torsorial vibrations a(t)

and its phase y=wm,t+¢(t) 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 torsorial
vibrations of a screw conveyer, it is necessary to find its
first improved approximation. In order to find it, we
assume, that the solution of the differential equations (4)

is the functions a=a(t) i y=y(t). Then, the first
“improved” approximation of the parameters a and vy
is represented as follows

Y (5) amnnitTyaa KpyTUrbHUX KONMMBaHb a(t) Ta ii

daza y=w,t+¢(t) BusHauaTLC cucTemolo (4).

BkasaHuii po3B’sisok Oyge nepwnMm  HabnMXKeHHAM
noctaeneHoi 3agadvi. Wo6 onucatn crtpmbkonogibHmn
XapakTep 3MiHM OCHOBHWX MapamMmeTpiB KPYTUINbHUX
KONMMBaHb LUHEKy, HeoOXigHO 3HaWTM WOoro nepLue
nokpawieHe HabnwkeHHa. [Ona MOro 3HaxoOXeHHs
npunyckaemo, WO PO3B'A3KOM  AudbepeHuianbHuX

piBHsHb (4) € dyHkuii a=a(t) i v =y (t). Tomi nepie
“nokpatleHe” HabnwxeHHs
npeacTaBnsaeTbCs y BUMNS/

napametpis  a i Wy

(6)

Y —F (a)cos(ny)+F (a)sin (n\y)}’

nw,

Lo " — —F (a)cos(ny, )+ F (a)sin(ny,)
—ot-— 23 Fe tt)+ —
W)IOI\p a(,Oe TC; ki (a)G( ’ 1)+ 2%;? n(De +
v < Fo () - .
to 22 5 — (@noy sin (ny) cosko(t~t; )~ ~2kvcos(ny)sin kv (-t )+

(nog )2 ~(kv)

SS

> (2ne, cos (ny, )cosko (t—t; )+ +2kvsin (ny)sin ko (t -t ))) +

+ “h
n

(a)cos(ny, )+ F.* (a)sin(ny k)}
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where o (t,t;) — periodical function, which is the sum

of Zsm JU-('[ t)
j J

The above mentioned shows, that in non-resonance
case, the pulse pattern of loading becomes apparent in
the jump change of the amplitude a __ and phase

NoKp

V..o @t the moment of pulse forces action. The value of

the jumps is low because the intensity of pulse forces is
low. Despite of this, during the use of screw machinery
their action is increasing and in some time it can lead to
major amplitudes of torsorial vibrations.

Resonance torsorial vibrations of a screw conveyer
under the influence of pulse forces should be
considered. Much more important case of torsorial
vibrations is the one, where the frequency of natural
oscillations is connected with the frequency of pulse

disturbance by the correlation mezﬂu (p,g -
p

. 21
reciprocals); here v =—
T

The above mentioned substantiates the following
differential equation for pulse forces action

d2T
dt?

2
@y

where deregulation  of frequencies

MA —

T(t)=acosy. In this case, the usual differential

equations relative to variables a(t) and¢(t) acquire
the form of

%:_sinwﬁ F acosw,—aoﬂsinw “aad L COS Y, +
dt qu r p

d pe [ = q .

— =-cosy—| F|acosy,—av—siny Aa LCOS Y +
dt aqu p p
Taking into consideration the assumption, that

Q(..) and Q;(..) - multinominals, the functions
F (acosy,—awm, siny)and F, (acos y, —aw, siny)
are represented in the form of Fourier series. Using the

information above and the properties of O of Dirac

function (2), (3), the system of the differential equations
(9) after the approximation acquires the form of

da

t=_ Z(Fm

2nq

Z(Fsc

Thus, in resonance case, in contrast to non-
resonance, in the approximated equations the
additional terms have appeared. But similarly to non-
resonance case, the values g, and vy, at the

NOKp

2 n
LI Y T:p(lf[T,d—T,Ut]—AT+ Zﬁj(
o’ dt &

2
:(EUJ +pA,
p
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ae G(t,ti) — nepioanyHa yHKUiA, sika € cymor psaay
ZSin ju(t-t)
; ]
I3 BMLLIE3a3HAYEHOTO BUMIUBAE, wo B
Hepe3oHaHCHOMY  BUMagKy iMNynbCHUA  XapakTep

HaBaHTAXXEHHS NPOSIBNSAETLCA B CTPUOKOMNOAIOHIN 3MiHi

amnnityan - a,,., Ta ®asm vy, B MOMeHT paiji

iMAynbCHUX cun. BenuumHu cTpubkKiB Mani, 4yepes Te,
LLO iHTEHCMBHICTb iIMNYMbCHMUX cMn Mana. He gusnauynce
Ha ue, X Jis 3a nepioa ekcnnyarauii LWHeKOBUX MaLLWH
HapoCTae i 3 4YacoM MOXe MpuMBECTU [0 3HaYHUX
amMnniTya KPYTUNbHUX KOMNMBaHb.

Po3rnssHemMoO  pe3oHaHCHI  KpYTWMbHI  KONMBAaHHA
lWwHeka nig  gielo  imnynecHux  cun.  Habarato
BaXKMMBIWUMM  BWUMAOKOM  KPYTWMBbHUX KOMMBAHb €

BMNaJOoK, KON 4YacToTa BracHMX KOnvBaHb MOB’A3aHa
i3 YacToTO IMMYNbCHOTO 30YpPEHHS CMiBBIOHOLLEHHAM

q , ] 2n
Wy ®—V (P, — B3aEMHO NPOCTi Yncna); Tyt v = gt

p

3a3HayeHe  pae nigctaBn  AudpepeHuianbHe
PiBHAHHSA 3a Aii IMNYNbCHWUX CUN 3anucaTi y BUrnsai

—'UtJ

is( (t +J7)))

i=1

()
(8)

ne pA — posbanatcysarHs yactot, T (t)=acosy

B Takomy pasi 3BuuyanHi gudepeHuianbHi  piBHAHHSA
BiJHOCHO 3MiHHWUX a(t) i (p(t) HabyBaloTb BUrNsay

n

+ 2R

i=1

(acosw,—au%sin w]Zj:S(t—(ti + jt))J )
(t + j‘t))]

n

2R

i=1

(a cos v, ao%sm \VJZS(

j=1

Bepyun no yearu npunyuwienHs, wo Q(..) Ta
Qj () - MHOrO4eHwm, dyHKUiT
F(acosy,-aw,siny) i F (acosy,—aw,siny) ix
npeacTaBnsiemMo y BUrnsai cym dyp’e. Bukopuctosytoun
BULLE HaBedeHe Ta BnactmeocTi & dyHkuii Oipaka (2),
3)

ycepenHeHHs HabyBae Burnagy

cucteMa audepeHuianbHux piBHAHL (9) nicna

Jeosn(pe+qut; )+ Ry (a)sinn(pe+qut; ) +Fg (a)).

TakuM 4YMHOM, Yy pE30HaHCHOMY BMWMNaZKy, Ha
BiAMiHY  Bij Hepe3oHaHCHOro, B YyCepegHeHUX
PIBHAHHAX  3'aBunucb agodatkoBi  uneHu. [lpote,
aHanoriYHo Hepe3oHaHCHOMY BWNAaAKy, BENIUYUHM

80
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moment of pulse forces action show a jump change.

The torsorial vibrations of a screw conveyer
should be considered in case, when the moment of
sustaining power is proportional to relative angular

INMATEH:-- csdq ricultural anqmcctmq

Qp | Wy B MOMEHT fii  iMNynbCHMX —cun

3MIiHIOTBLCSA CTpMBKONOAiIGHO.

Po3rnsHemMo KpyTWUnbHIi  KONMBaHHA LUHEKa 3a
YMOBW, LLO MOMEHT CUI OMOpY NPOMNOPLiNHI BiGHOCHIN

_ 20(x,t)
velocity of a screw conveyer — 2, and the . . 20(x,t)
ot KyTOBIl LUBMAKOCTi PYXy LIHEKY o a MOMEHT
moment of pulse forces is approximated by the . .
. 3 (x 1) The differential eauation iIMAYSbCHAX ~ CUIT anpoKCUMYETbCA  (DYHKLIEID
function 20, t) +v6” (x.t) . q ke(x,t)+y63 (x,t). [OucbepeHuianbHe — piBHSHHS

of the torsorial vibrations of a screw conveyer is as
follows

KPYTUIbHUX KONMUBAaHbL LUHEKY B TakoMy pasi matume
BUMMAL

29 GJ, 0
826 626 RO (x,1)+70° (x,t)x D> 8(t—( +Jr)—[3@). (10)
8t I0 a j=1i=1 at
According to the method by Bubnov-Halorkin, the BignosigHo po  metomy  By6Hosa-Tanbopkina

solution to the equation (10) is shown to be the same as
in paper [7] in the form of O(x,t)= X (Xx)T (t). After
simple transformations, the differential equations are
reduced to a simple form of differential equation

mz I

For non-resonance vibrations of a screw conveyer,
the amplitude and the frequency of the vibrations

ikl (klnT%T(tFH((kTHT) ;ZB( q

po3B’a30k piBHAHHA (10) npeacTaBumo Sk i B poboTi [7]
y Burnsgi 9(X,t)=X(X)T (t) Micna HecknagHux

nepeTBopeHb AudbepeHuianbHi piBHAHHA 3BOAATLCA 00
3BMYaNHOro AndepeHLiansHOro piBHAHL BUMMAAY

dT
7)) =B (11)

[1ns Hepe3oHaHCHNX KONMMBaHb LLIHEKY amnniTyna Ta
YacToTa KOnMBaHb LUHEKY BiAMOBIAHO 00 pe3y1'IbTaTiB

according to the results given in paper [3 =0,
¢ : paper [3] (4 po6oTtn [3] (t, =0, t, =21.) OnuCyoTbCA
T . . . . L
t, :Z .) are described with the help of the differential AvcbepeHLianbHIMM PIBHIHHAMIA
equations
da
P MB
d Ao 3ya’
AV _ gy B[P0 30
dt wgm| 8 32
Having integrated the obtained system of 3iHTerpysaBLUn oTpyMaHy cuctemy
differential equations, the first approximation of the OndepeHuianbHUX  PiBHSAHD, 3HaxoAnMMo nepue

solution to the equation of the torsorial vibrations of a
screw conveyer is found

_B,

T(t)=ae 2" cos

Where
a, and 0;are determined to be starting conditions.

Thus, the influence of pulse forces becomes
apparent only in change of the frequency of the
vibrations of a screw conveyer.

Resonance vibrations should be considered. Let's
assume, that the frequency of natural oscillations of a
screw conveyer is connected with the frequency of the
pulse disturbance by the following correlation

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

HabnWKeHHs1 pO3B’sI3KY PIBHAHHSA KPYTUIBHUX KOMMBaHb
LUHEeKa y BUrnagi

2
(mt+60 _ Dot | 310d B‘J, (12)

8no  32nfw

ae
8, i B, BM3HAYaIOTLCS NOYATKOBMMU YyMOBaMM.

TakMM YMHOM, BMSIMB iMMYMbCHUX CUI NPOSIBNSAETLCS
B 3MiHi NinLLIE YacTOTM KONMBAHb LUHEKa.

PoarnsiHeMo  pe3oHaHCHi  KonuBaHHs.  Hexan
yacToTa BRnacHMX KOMMBaHb LWHeKa 3B’A3aHa i3
4YacTOTO iMMNYNbCHOro 30ypeHHs CMiBBiAHOLLEHHSAM

~q. (13)

B Takomy pasi nepwe HabnmxeHHs po3B’A3KY
audepeHuiansHoOro piBHAHHA (12) matume BUrmsNg
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T(t)= a(t)cos[% qt+(p(t)j,

where functionsa(t) and ¢(t)are determined from
the system of differential equations.

dt

L 2
o %)
—

g

47nq

do _
dt

4\ +3ya’ A ya?
4mq 2nq

(

Figure 1 shows the amplitudes of the torsional
vibrations of a screw conveyer when there is a
transition through the resonance at different parameter

2
x (cos 2¢+C0S (2(p+ q gj}r&(H (-1)* )cos 4¢) .

ne dyHkuii a(t) i ¢(t) susHavaloTbcs i3 cuctemn
andepeHuianbHUX PiBHSAHb.

8nqg

2\ 2 3
da_ —M(B;+M(Sin 2¢+sin [2(p+ q gD— —£(1+(—1)q )sin 40);

g (14)

Ha puc. 1 HaBegeHo amnniTygum KpPYTUIbHUX
KONMMBaHb LWIHEKa Mpu nepexodi Yepes pe3oHaHC
. kr [GJ,
3a pi3HUX 3Ha4YeHb MapameTpa wezT T

0

npu | =10m; G =801Tla; I, =3,4675kem .

86 87 88 89 90

v,¢

Fig. 1 — The amplitudes of resonance torsorial vibrations at different values of the parameter g at:

1- J,=010248x10" " ; 2 - J; =0,1147x10*x*; 3- J; =0,1215x10* »*

kTC GJO
values ®q :T T at 1=10m; G=80[1lg;
0
1, =3,4675kem .
a, pan
0,016
1
0,014 {‘ -
0,012
0,01
V
82 83 84 85
RESULTS

In the above mentioned materials and methods for
certain models of non-linear and periodical pulse forces,
we have got differential equations of the change of
amplitude and frequency characteristics of vibrations
and on the basis of its numerical integration, graphical
relations of the resonance amplitude of the torsorial
vibrations of a screw conveyer at different values of its
natural oscillations were developed. It is connected with
the fact, that even relatively simple differential equations
of standard form can be integrated only in some cases.
Numerical integration of the equations of standard form
provides relatively complete information about the
dynamic process at specified fixed values of the
parameters. However, it is not always possible to track
how the change of starting conditions of the specified
(and other) parameters can influence the dynamic
process using the results of numerical integration. It can
be stated based upon the stability of the process. The
investigation of the stability of vibrations is as important
as the task of finding a solution. That is why, we have
to investigate the stability of the vibrations, which were
considered, that is to say, permanent values of the
amplitude of vibrations for resonance. In order to do
this, it is necessary to put the right parts of the
correlations, which describe the resonance mode of the

PE3YIIbTATU

Y BKasaHuX BulLle maTepianax i metogukax ans
KOHKPETHUX MoAenen HeniHinHMX i  nepiognyHux
iMOYNbCHUX CUM OTpUMaHo AudpepeHuianbHi PiBHAHHS
3MiHM aMniTyQHO-4aCTOTHUX XapaKTepPUCTUK KONMBaHb
Ta nobyooBaHO Ha  OCHOBI  YMCEMbHOTO  MOro
iHTerpyBaHHs  rpadidHi  3anexHOCTi  pe30HaHCHOI
amnniTyan KpyTUIbHUX KOMMBaHb LUHEKY 3a pPi3HUX
3Ha4yeHb 4acTOTW MOro BNacHUX konmeaHb. Lle 3B’a3aHo
3 TUM, WO HaBiTb OTPMMaHi BiQHOCHO NPOCTIi,
AvdepeHuianbHi  PIBHAHHA Yy CTaHOApTHOMY BWrmsAgi
BOAETbCS 3iHTErpyBaTU IMWIE B OKPEMUX BUMagKax.
YucenbHe X iHTErpyBaHHSA pIiBHAHb Yy CTaHOapTHOMY
BUMMAAI Jae [ocTaHbOo MNOBHY iHopmauilo  npo
OWHaMiYHMI npouec 3a 3agaHux ¢ikcoBaHMX 3HA4YeHb
napameTtpis. OgHak, npocnigkyBaTh SK BMAAMBae 3MmiHa
noyaTKOBMX 3HaYeHb HaBedeHWX (Ta iHWNX) napameTpis
Ha AuHaMiYHU npouec i3 pesynbTaTiB YMCENbHOro
iHTErpyBaHHs He 3aBxau Bpaetbcs. [po HaBegeHe
OOCTaTHbO TOYHO MOXHA TBEPAUTM BUXOASYM i3
CTinKocCTi npouecy. [JocnigpKeHHA CTIMKOCTi KONMBaHb €
HE MEHLl BaXNMBOK 3adayved $K 3HAXOMXKEHHS
pPO3B’A3Ky. Tomy  Hwkye  pocnigumo  CTIWKICTb
PO3rMAsiHYTUX KONWBaHb, TOYHILLIE KaXKydu CTauioHapHUX
3HayeHb amnniTyau KomnuBaHb Ans pes3oHaHcy. [Ans
LbOro BIigNOBIOHO [0, MNPUPIBHAEMO NpaBi 4YacTUHMU
CrMiBBiAHOLWEHb, $Ki OMUCYTb PE30HAHCHUWA PEXUM
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vibrations of a screw conveyer, to zero. We get a
system of algebraic equations

2 47q

2
Ba 3(27‘+Ya) . ( nj va® )
—~ " Jlsin2 20+q= | |- X2 (1+(-1 40=0,
+ sin 2¢ +sin <p+q2 an( +(-1) )sm

INMATEH:-- dq ricultural anqmcctmq

KONMBaHb LUHEKa [0 Hyns.
anrebpaivyHux piBHAHb

OTpumMyemMo cuctemy

(15)

2

47q

In this system of algebraic equations, parameter
o(t)- the difference in phases is excluded. The
correlation, which determines permanent values of the
amplitude of the torsorial vibrations of a screw
conveyer, is found for the case of the mathematical
model (10)

47?2

2
go
o {2) M+3ya’  h+yal

N (475 (2w —v) —(4k +3ya’ ))2

(COS 2¢+C0S (2(p+ q gn L2 (l+ (—1)q )cos 4@] =0

27q 8nq

I3 oTpumaHoi cuctemun anrebpaidyHux PpiBHAHb
BUKMIoyaeMo  napameTp  ¢(t)-  pisHuLl  das.

3HaxoaMMOo CMiBBiQHOLLEHHS], ike BU3HA4ae cTauioHapHi
3HAYeHHs1 amMnNNiTyAn KPYTUITbHUX KONUBAaHb LUHEKa Ansi
BMNagKy matematuyHoi mogeni (10)

=2. (16)

(2n+7a?)

This relation shows, that the amplitude of
permanent vibrations of a screw conveyer (16) is
actual, if the conditions are met

16(2.+7a?)

OTpumaHa 3anexHicTb nokasye, Lo amnnityga
cTauioHapHMX KonuBaHb LWHeky (16) 6yae AivicHoto,
AKLLO BUKOHYHOTLCS YMOBM

v < 4o, —%—2\/1_7|B|

L > 4w, —S%Jr 2417 |

If we put B=0 in these relations, in case of
resonance , zgthe invariant of motion can be found

for a first approximation. | order to find it, we will limit to
the values of first order of smallness.

Thus, at g =1we get the correlation

2

(20, —u)%a2 -“~a

T

where ¢ — is a constant, which is determined by
starting conditions.

With the help of this correlation we can evaluate the
value of the amplitude of resonance vibrations. For this
reason, we transform the relation (18) to the form of

4
Cos(29+gj:[(2w9 —u)%a2 _2p 3R —c]

Having marked q)(a2 ) in the right part, we develop

graphical reIations@(az) as the functions from aat
different fixed values Cc. These graphical relations under
the condition —1< cD(a2 ) <1 determine the domain of

the stability of resonance vibrations. Figure 2-3 shows
these domains.

an

Axwo B oTpuMaHi 3anexHocTi noknactm =0, Toy
L
BUMagKy pe3oHaHcy o, ~ 5 ONs nepLioro HabnmxeHHs

MOXHa 3HaWTK iHBapiaHT pyxy. [Ins Noro 3HaxodXXeHHs
Oynemo obmexyBaTUCb BENMYMHAMK NEPLUOro NopsaKy
MarnmnsHu.

Tak, npy g =1 OTPUMYEMO 3aNEXHICTb

2 3ya' 2xa’ +ya*

cos(29+§j =c, (18)

8n 22n
ge € — cTana, ska BW3HAYaeTbCA MNOYaTKOBUMU
yMOBaMMu.

I3 BKasaHOlI 3anexHOCTi MOXHa [aTu  OUiHKY

BEMUYMHM aMNNiTyan pPEe30HAHCHUX KONUBaHb.
LbOro 3anexHictb (18) TpaHccopMyemo o Burnagy

Onsa

2\/§7t

2na? +yat

b4 8n (19)

MosHaumBwKM BUpa3 y npasii YaCTUHI cD(az),

nobyayemo rpadiyHi 3anexHocTi cD(az) AK pyHKUiT Big
a npu pisHMX gikcoBaHMX 3Ha4YeHHAX C. Taki rpadpiyHi
3aNeXHOCTI MpuU HaknageHin ymosi —1<@ (a2 ) <1

BM3Ha4aloTb 06nacTb CTIMKOCTI pe30HAHCHUX KOMMBaHb.
BkasaHi o6nacTi nokasaHi Ha puc. 2 - 3.
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B )

Fig. 2 — Domain of the stable values of the amplitude of the torsorial vibrations of a screw conveyer at different fixed C:a) y > 0,

INMATEH:-- a‘lq ricultural anqmcctmq

orat)T

v=2m,+1,b) y>0, v=20,-1

Dig?)

c=-0.005
c=-0.003
c=-0.002
c=0.002

c=0.003
c=0.005

Fig. 3 - Domain of the stable values of the amplitude of the torsorial vibrations of a screw conveyer at different fixed C:a) y <0,

D(a?I]

v=2m, +1,b) Y<0, V=20, -1

The analysis of the graphical relations shows,
that at different resonances under different
conditions yand v, the amplitudes of the torsorial

vibrations of a screw conveyer are limited. This
limitedness of the amplitude of the vibrations in a
system, which is described by the equation (10) in
cases of the considered resonances, is the result
of non-linearity of the system. This matches the
known results concerning non-linear vibrations of a
system. It is worth mentioning, that the action of
pulse loading on a linear vibration system in
resonance case leads to unlimited increase in the
amplitude of vibrations.

Figure 4 shows graphical dependancies of the

function qb(aZ)- on the square of the amplitude at
different values of deregulation of frequencies.

I3 aHani3dy rpadiyHMx 3anexHocTen BUMNIUBAE,
LLIO MPW pe30HaHCax 3a Pi3HWX YMOB HaknageHnx y i v

amnniTyan KpyTUINbHUMX KONUBaHb LWHeka OyayTb
obmexeHi. ObmexeHiCTb aMmnniTya KONMBaHb CUCTEMM,
sIka onucyeTbcsl PiBHSAHHAM (10) y BUNagKy po3rnsHyTuX
pe3oHaHCiB, € HacnigkoM HeniHIMHOCTI pO3rnsAHyTOl
cuctemun. Lle cniBnagae 3 Bigomnmn pesynbtatamu, SKi
CTOCYHTbCH  HEMiHIMHMX  konuBaHb cucteMm. Cnig
3a3Ha4YUTK, LLO Ais HaBaHTaXEHHS iMMYNbCHOro BUAY Ha
NiHINHY KOMWBHY CWUCTEMY Y PE30HAHCHOMY BUNaaKy
NpvBOAUTL A0 HeoOMeXeHOro pocTy amnniTyau
KONMBaHb.

Hwkye Ha puc. 4 npegcrtaBneHo rpadiyHi

3anexHocTi pyHKuiT d)(az) - BiA kBagparta amnnityam 3a

Pi3HMX 3HaYeHb BENNYNHM po3banaHCcyBaHHS YacToT.

R

4ﬁ‘n:

Fig. 4 — Domain of the stable values of the amplitude of the torsorial vibrations of a screw conveyer at different values
of deregulation of frequencies ®, = 79¢t ¢=-0.005, y=40
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The above mentioned dependancies in Figure 4
show, that the increase in the value of deregulation of
frequencies shifts the domain of stable values of the
amplitude of the vibrations of the flexible component of
a drive to the right. In other words, the closer to the
resonance, the less are the values of the amplitude of
vibration, at which the dynamic process is stable. With
an increase in the value of deregulation of frequencies
from 0,01 ¢! to 0,08 ¢, resonance values of the
amplitude of vibrarions, at which the dynamic process is
stable, increase up to 5%.

Figure 5 shows graphical dependancies of the
influence of the value of non-linear restoring force
(coefficient y) on the domain of stable values for

resonance amplitudes of the vibrations of a screw
conveyer.

Ha )

_ED .

INMATEH:-- 6‘9 ricultural cgnqmcctmq

I3 npuBegeHUX Ha puc. 4 3anexHocTen BUNMIMBAE, LLO
3pOCTaHHA BEMUYMHKM po3banaHcyBaHHs 4acToT 3Millye
obnactb CTIiKUX 3Ha4eHb amMniliTyauM KOMMBaHb THYYKOro
ereMeHTa npuBoda BMpPaBo. IHWMMKM CcrioBamMK, uYUM
6nvwkye OO pesoHaHcy, TUM MEHLWMMKU OyayTb 3HAYEeHHS
amnniTyaum KomnuBaHb, 3a SKUX AMHaAMIYHWA - npouec
CTilkuniA. Tak i3 3pOCTaHHSAM BENUYMHM po3banaHcyBaHHSA
yacToT Big 0,01 ¢ pmo 0,08 ¢ PE30HaAHCHI 3HaYeHHA
amnniTyan KonvBaHb, 3a SKMX AMHaMivHUiA npouec byne
CTilk1M, 3pocTatoTb Ha 5%.

Ha puc. 5 nopgaHi rpacbivHi 3anexHocTi BnnuBy
BEMNUYMHN HeniHinHoI BigHOBMOBAIIbHOI cunun
(koedinieHTa y) Ha obracTb CTiiKMX  3Ha4YeHb
PE30HAHCHUX aMMAiTy KONMMBaHb LLHEKY.

Fig. 5 — ObnacTtb CTilKkMX 3Ha4YeHb amMMIiTyau KPYTUIMbHUX KONMBaHb LLIHEKa 3a Pi3HMX 3Ha4YeHb koedilieHTa y npn o, =90

¢t ¢=-0.005

These dependancies show, that with an increase of
the non-linearity of the system (for larger values of the
coefficient y), the domain of the values of the

amplitude of the torsorial vibrations of a screw
conveyer, at which the dynamic process is stable,
narrows. At y=80, the domain of the values of the

amplitude of the vibrations of a flexible component, at
which the dynamic process is stable, is less from the
domain of the values of the amplitude at y=40 for

42%.

CONCLUSION

The represented graphical dependancies and their
comparison with the resonance curves in case of
flexural vibrations [4] make possible to state, that
resonance value of the amplitude of the vibrations of a
screw conveyer takes a smaller value at larger
frequencies. The obtained results give the possibility to
avoid resonance torsorial vibrations of a screw
conveyer in case of its exploitation under the influence
of pulse 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
transportation using screw machinery.
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BUCHOBOK

MpencraeneHi rpadiyHi 3aneXHoCTi Ta
3iCTaBneHHs X i3 pe3oHaHCHUMMK KPUBUMU ONs BUNaaKy
3MMHHUX KOnMuBaHb [4] [03BONSTL CTBEPAXKYBaTW, LLO
pe3oHaHCHe 3Ha4YeHHs1 amnniTyau KOnvBaHb LUHEKY AMS
BinbNX YacToT NpMUMae MeHwe 3HaveHHs. OpepxaHi
pes3ynbTaTtv JOCHiAKeHb HaAalTb MOXIMBICTb YHUKHYTU
PE30HAHCHUX KPYTUIbHUX KONMBaHb LUHEKA Yy BUMALKY
noro ekcnnyaTtadii npu Aii iMAyNbCHUX CUN 3a paxyHOK
3MiHW pexuMiB TpaHCNopTyBaHHS MaTepianis. Ha ocHOBI
ofepKaHnx PiBHSIHb MOXInBeE CTBOpPEHHS
aBTOMAaTM30BaHUX CUCTEM YMpaBMiHHA npouecamu
TpaHCNOPTYyBaHHSA MaTepianis LWHEKOBUMW MaLLUMHAMMU.
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