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MCCNEOOBAHUE rAJNIONNMPOBAHUA PE3SOHAHCHOIO NTIPOXOTA
C ACUMMETPUWYHbLIMU KOJIEBAHUAMU
Wccnepyetca HenuMHeMHas acuMMMeTpUYHasi CUCTEMa, LIEHTP TAXECTU KoTopou

He coBnagaeT € NUHUEN reHepunpoBaHusa Kone6aHuM. nOHy"IeHbI 3aBUCUMOCTHN AOnA
onpepgeneHnsa Besin4MHbl aMmnnnUTyabl NOBOPOTHbIX Kone6aHui Kop06a no ero gnuHe.

Kmroyeeble crosa: subpocucmema, acuMMempuyHbIl Yuk KornebaHull, oughchepeHyuarbsHbie
ypasHeHusi, amniumyda, ycKopeHue.

BBeaeHue. B nocnegHue rogbl LWUMPOKoOe pacnpocTpaHeHue nonyy4unu subpo-
MaLLMHbI, FTeHepupYyoLLMe aCMMMETPUYHbBIA LMK KonebaHui, KoTopbli Hanbonee
MONMHO OTBEYAET TEXHOMOrMYEeCKMM npoueccamM, TpebyrLwmMM OAHOCTOPOHHEro
BO3gencTema Ha obpabaTbiBaembli MaTepuan (BMOpoynnoTtHeHne 6eToHOB, 3a-
6uBka cBan, knaccudukaumsa unm obesBoxmBaHe yrrnen Ha rpoxoTtax u T. n.) [1].
B cpaBHEHWM C CUMMETPUYHbIMK KOnebaHusiMM pesKoe CHWKEHWe BEeNUYUHbI
YCKOPEHUI Npu 06paTHOM XONOCTOM xode paboyero opraHa NPMBOAMUT K CyLLeCT-
BEHHOMY YMEHbLUEHUO MOTPebneHnsa JHeprMv U HanpshkeHuh B MeTanso-
KOHCTpyKumax. PaspaboTaHHble mMeTodbl pacyeta BMOPOCUCTEM C aCMMMETPUY-
HOW XapakTepUCTUKON BOCCTaHaBNMBAIOLLEN CUIbl YNPYrnx CBA3En, No3BOMSOT
OOCTaTOYHO TOYHO OMpeaensaTb BeNUYMHbl aCMMMETPUYHbBIX YCKOpeHUin pabodero
opraHa npv ero OBWXXEHUU B pasHble CTOpPOHbl [2]. OCHOBHOWM Xe HegocTaTok
CYLLECTBYIOLLUX BUOPOMALLMH aCUMMETPUYHOIO TUNa CBs3aH 3a4acTyto C ranonu-
poBaHMEM, HepaBHOMEPHOCTbI0 ammnuTyn kKonebaHuin no AnvHe paboumnx
OopraHoB BMOpONIOLWAA0K, KOHBEMEpOoB, KOPOOOB IPOXOTOB U OOBACHSETCS
HecoBnaJeHUeM WX LeHTpa TAXeCTW C HanpasneHnem Bo3OyxaaloLwmux Cur, 4YTo
NPUBOOMUT K CHUXEHUIO 3dP(PEeKTUBHOCTM TEXHOMOrMYECKNX npoueccoB. B cBAsu
C 9TUM BeCbMa akTyanbHO MCCreaoBaHve OUHaMUKM aCMMMETPUYHbIX BUOpOMa-
LUMH C OTKIMOHEHWEM UX LieHTpa TSHXKECTM OT HanpaBfeHUs reHepupoBaHus Kore-
GaHW 1 nonyyYyeHMe MaTeMaTUYEeCKUX 3aBUCMMOCTEN, NO3BOMSAIOLWMNX NPOBOAUTL
pacyeTbl U OLEeHKY amnnuTya U YCKOPeHWI No BCen AnvHe paboynx opraHos.

B HacTosilen cTatbe NpmMBOOATCH pe3ynbTaTtbhl YKasaHHbIX WCCreLoBaHWi
Ha npvMepe pacyeTHOM OUHAMUYECKOW CXeMbl ABYXMacCHOro rpoxota C acuMm-
METPUYHOWN XapaKTEPUCTUKON HEeNMMHENHbIX ynpyrnx cesasen. Cnegyet oTMeTUTD,
YTO CO3[daHHbin B  [JHENpOMeTpPOBCKOM  HaLMOHanbHOM  yHMBEpcUTeTe
umeHn Onecs oH4Yapa pe3oHaHCHbIM rpoxoT PA, npeaHasHa4YeHHbIn gnsa pac-
ceBa yrns, webHa n OpYrnx KycKOBbIX CbiNy4yMX MaTtepuarnoB, MMen HesHaudu-
TENbHbIE OTKMOHEHUS LIEHTPa TSXKECTM OT HanpaBneHusi BMOPOBO3OYXAEHUSI.
OpHako npu nogaye mMaTepvana Ha cuTa LEHTP TSHXKEeCTU MaluvHbl cMeLuarncs,
N MPOVCXOANIO ranonnpoBaHue kopoba.
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PacueTHasa cxema. Ha puc. 1 npeacraeneHa guHammuyeckas cxema pe3oHaHC-
Horo rpoxota I'PA, cocTosiero n3 kopoba macco My C y4eToM cpefHein TexHo-

NOrMYEeCcKON HarpyskM M ypasBHOBELUMBAIOLWEN paMbl Maccorl M, COeOMHEHHbIX
NMHENHBIMW  NOAAEPXKMBAIOLLMMKN  YNPYTUMU  CBA3AIMU XKECTKOCThio K u yepes
cTaTuyeckue 3a3opbl € U e, BydepHbIMM YNpyruMmn CBASSMU 3HaUNTESbHOM XeCT-
koctn Kgy o Kgo, npudem Kpgp > Kpgo. OKUEHTPUKOBO-LLATYHHbIA NpUBOA
C paguycoM 3KCLEHTpUCUTETa o 3aKpenseH Ha ypaBHOBELUMBAIOLLIEN paMe 1 CBS-
3aH Yepes MpuBOAHbIE YMNpyrne cBs3n xecTkocTbio Ky ¢ kopobom. [MocnegHui

onupaeTcst Ha (hyHOAMeHT NOoCpeaCcTBOM BMOPOM3ONSTOPOB CYMMapPHOW >XECTKO-
cTbio K3 B BepTUKanbHOM U Kg; B rOpU3OHTaNbHOM HanpaBneHUsX.

7 b, b, El

Puc. 1 — uHamuyeckas cxema pe3oHaHcHoro rpoxota NlPA

Ha cxeme Tarke ob6o3HaveHbl LeHTpbl Tsxkectn O, O; u O, — cooTBETCTBEH-

HO BCel cuctembl, kopoba (C y4eTOM MPUCOEAMHEHHOW Harpysku) U ypaBHOBeE-
wusawLen pambl. 'eHepupoBaHne konebaHwuii OT MpuMBOAa OCYLLECTBNSAETCS
nog yrnom S K ropu3oHTy. Takxke NpUHATHI criegytolime 0603HayYeHns:

S — Yron HaKkrnoHa nNpsiMoi, coeauHsoLLEN LieHTpbl Tsxkectn O n O, , kocn X;

R, — paccrosiHue oT ueHTpa TskecT cuctembl O [0 LiEHTpa TSHXKeCTU ypas-
HoselwmBatoLLen pambl O ;

h — paccTosiHue oT BUOPOM3ONSATOPOB A0 OCU X ;

b, n by,— pacctosiHme ot ocu BUGpoM3oNATOPOB A0 ocu Y . B Hawem cnyyae
b =by.

lMnockoe aswxeHne kopoba onpegenseTcs TpeMs KoopanHatamun Jo, O3 U Jg,
a ABWKEHVEe YpaBHOBELLIMBAIOLLEN paMbl OTHOCUTENBHO KOPOba — KOOPANHATON () .

YPaBHeHMH ABUXEHUA U UX pelueHue. Manbie konebaHusi cucTtembl OKOIO
NonoXeHnqa yCTOIZ‘-IMBOFO paBHOBECUA OnNnUCbIBalOTCA crneayrwmnmMn p,mcbd)epeH-
unanbHbIMMN YpaBHEHUAMN!
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Myjy + My (62 €O P — G Sin ) — My Ry Gy sin By +

(Ko + K)oy + 01K 5o (0 — &) + 02K 51 (0 +€2) +

+u(Kg + Kq + 01K 5o + 65K 51)d1 = Kgp(sin vt + pv cos vt),
mdjy + Myt c0SB + K [dp +hay +1(dz +hdy)] =0,

méj + myG Sin B + K3 (03 +pdz) =0,

164 —myRy by sinBg + Kz ph(ay +pdy) +C(0g +pdy) =0.

@)

3pecb

1 mpu G >-ey,
O'l =
0, mpu oy <-e,
1 mpu o) <-—eyp,
O)p =
O, npu ql > —82,
. 2 2.
m=my+my; C=Kzr-h"+Kz-bi'; fo=5-5
raoe | — MOMEHT MHepuun BCeW CUCTEMbBI OTHOCUTENBHO OCU, MpoXoasiLLen Yepes

€€ LIEHTP TSPKECTU B MOMOXEHWMM CTaTUKKW; Vv — YacToTa BbIHY>XOEHHbIX Koneba-
HUW; g — KO3(PULMEHT BHYTPEHHMUX CONPOTUBIIEHUI.

PaccmoTpum pexum konebaHui, npyu KOTOpOM KOpob 1 ypaBHOBeLLMBatOLLAS
pama nepemewaiTca B npotmeodpase. lNpegnonarasd oTCyTCTBME B cCUCTEME
BHYTPEHHUX PE30HAHCOB, peLleHue ypaBHEHW (1) B NepBOM MNpPUOMMKEHMU
OTbICKMBaeM B hopme:

g =d+0q; g =a-siny; y=ut+0;
Up=72-0G1; O3 =73-01; Ua =740

MpnbnmxXeHHble 3HaYeHWst MOCTOSIHHOMW d MOXHO MOMyYUTb M3 YCIIOBUS
paBeHCTBa MOTEHUManbHOW 3HEeprn ynpyrux cessen mexagy kopobom n pamon
B KpaHUX MOMNOXEHWSAX, T.e. KaK HauMeHbluuiA no abCoMTHOMY 3HaYeHWIo
KOpeHb ypaBHEHUS

2
(Kpy—Kpp)-d? + 2[2(Kg+Ky)-a+Kg(a—e)+Kgo(a—ey)] +

+[K51(a—91) - K52(a—e2)2J =0,

roe a — amnnutyga konebaHuii pambl OTHOCUTENBHO KOpoba.
JuHamunyeckune 3a3opbl B BydhepHbix CBA3SX € U €5 3a4aloTCsl COOTHOLUe-
HUAMU

ep=e;,—d; e, =e,+d.

JInHeapun3oBaHHbIE XECTKOCTM ByhepHbIX CBA3EN ONPeaensatoTCs Kak:
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— K
Kg =—2L11-7 arcsin -+ = -1 |/,
2 2 1 4 212
KEZ_KBZ 1-Z|aresin L+ L h-L ],
2 2 Zy Iy Z%
rne
=2 2,-2
1=y 27

Torga cymmapHast »ecTKocTb cucTeMbl (6e3 ydeTta Markux subpounsonatopos Ks)

K =Kg+K; +%(?51+ ?52] :

M3 nnHeapun3oBaHHOW HEBO3MYLLIEHHOW cucTemMbl 6e3 yyeta conpoTUBIEHNUN,
nony4aemomn u3 (1), meem ypaBHeHUe 4acToT cobCTBEHHbIX KonebaHui

C- m2w2 - m2w2 cos m2w2 sing m, szz sin gy
—mzcozcosﬂ K3F—ma)2 0 Kar-h 0 @
My sin 0 K3 —ma? 0
myR,w?sinfy  Kgp-h 0 C-la?
1 koadbpuumeHTbl hopm KonedbaHuii:
_ m2R2w2 sinﬂO(K3p - mw2)+ Karh- mza)z cos f .
- [c—10?[Ksr —ma? )~ (Kap-hY? '

_ Myw’cos B—Kgp-h-my

mza)z sing .
m=————> 2 2
K3F —Mw K3F —Mw
3anuwem ypaBHeHVe (2) B pasBepHyTOM Buae
©)

Ag® + Aocd® + Ay + Aga® + P =0,
roe
Ag = 1By —m?myR, sin Ay ;
Ay =—(CBy + 1B, )+ mm3 [(K3 +Kgr NRy sin Bg )% +2K3-Ryohcos Bsin fo |
A, = (CB, +IB,) — K3K3,m3 [(R2 sin By )? + 2R,h cos Bsin By |-
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- mz(K3ph)2(m— m, sin? ﬁ);
Ag =—(CBy + IBg) +(Kgh )2 (Km+ Kgmy);

Pg = CBg — KK3(Kg/h);
Bg=m-my-my;
B, = m[Km+ m, (K3 + K3,~)]—m§(K3 cos? P+Ksr sin? £);
By = Km(K3 + K3r) + mKsKs
Bs = KK3Ks3 .

MHTepecyownin Hac pexxmmMm 0gHOYacTOTHbIX KonebaHun oTBevaeT GonbLiemy
KOPHI0 ypaBHeHUS (3).
B obwem cnyyae npu S # B, h=0 gna ogHo4acToTHOro pexuma koneba-

HWIA B NEPBOM NPUBAMXXEHNM UMEEM YPaBHEHNE
M ¢ + £Kqg + Kg' = Kgp(sinvt + v coswvt) ,
B KOTOPOM

M = m(;;% +7732) + I;ﬁ + M, (1+ 275 €0S B — 273 8IN B —2Ro14 SIN fy),

— 2 2. 2
K =Ko+ Ky +Kgi+ Kgo+ Karns + Karz + Cng + 2n4hKa -,

roe M — npuBegeHHas macca cuctembl; K — npuBeaeHHas )XeCTKOCTb CUCTEMBI.
[ns nocTpoeHns aMnNnTYAHO-4aCTOTHOM KPMBON MMEEM ypaBHEHWEe

(a)2 —vz)2 +(2v5)? =%,

2

2
K 0]
roe o :V; 0 — OEKPEMEHT 3aTyXaHus, s=H2_

2

3Hasi pabo4yto TOUKY 3aA4aHHON amnuTyabl konebaHuii kopoba Ha aMnInTyLHO-
YacToTHbIX XxapakTepuctmkax (AYX), BbIHY)KOEHHYO 4acToTy W KO3PULMEHTDI
dopm konebaHuin, MOXXHO OnpeaensTb aMnNTyAbl BEPTUKASbHBIX, FOPU3OHTABHbIX
1 NOBOPOTHbIX KonebaHui kopoba B cepeamHe M Ha Kpasix, a Takke Yribl HaKMoHa
TPaEeKTOPUIn OBWXEHUSI K FOPU3OHTY. TakuMm 06pasom, aMniuTydbl BepTUKanbHbIX
N ropu3oHTanbHbIX konebaHuii kopoba B Touke O COOTBETCTBEHHO PaBHbI

g =arp; - =ars.

CymMmmapHasa amnnutyga konebaHum

, 2 2
=\ THq .

Yron noBOpOTHbIX KONebaHWin B pao y =arny.
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[ononHuTenbHble BepTUKarnbHble aMnnnTyabl Ha Kpadax Kopo6a B TOYkax B
n Bl , noABnAWMeCA B pe3yribTaTte NOBOPOTHbIX konebaHun

ap =M1 ; ac =—y.

CymmapHble amnnuTyabl konebaHui kopoba B Toukax A n B

2 2.
a1A=\/<'511r+(0l13 +ap)” ;

2 2
ag :\/alp+(a13+alc) .
Yrnbl HAaKoOHa TPpaekTopui ABUXKEHNsT Kopoba B Toukax A u B K ropm3oHTy

g +a
tgBy = B30 .
r
g — &
tgfg = AB—C
ar
PesynbTaTbl pacueTa. B kauecTBe UCXOAHBIX NPUHSTLI CrIEAyoLMe AaHHbIe:
my=5900x2; my=3700ke; Ky=2000 H/mm; Ki=500 H/mm; Ky =32000 H/mm;
K o= 16000 H/awni; Kg =2500 Hjaw; Koy =400 Hja; =24 & =200
€= 23 mm; bl =02 =2100mm ; p=35°; p=35°% 43°% 70°; R,=977; 821; 595 mm .
PesynbTaTbl onpefeneHns amnnutya koneGaHuit kopoba B 3aBUCHMOCTU
oT yrna f; npefcraeneHbl B Tabn. 1.

Tabnuua 1 — 3aBUCMMOCTL aMNNMTYAbLI KoneGaHui kopoba ot yrna [

v1/c B, epao By, epao y, pao ap, MM ac, MM
35 0 8,0 8,0
64 35 43 2:10" 8,3 7.7
70 610" 9,1 7,2

AHanua pesynbTaToB MoKasbiBaeT, YTO MpW 3HAYUTESIbHBIX OTKIOHEHUSIX yrna
B, oT yrna bpocaHus £ yBenuuuBaeTCs pa3HOCTb aMMnUTyA konebaHuii kopoba

Ha ero Kpasix.
BbiBoa. [MonyyeHHble BbIPaXEHUS MO3BONAIOT OMNpeaensaTb amnauTyabl
kone6aHuit kopoba Mo ero AnuHe B 3aBUCMMOCTM OT PAaCMONIOXEHUs LeHTpa
TSHKECTU rpoX0Ta, NMMHMM BO30YKAAIOLLEN CUIbl U TEXHOSOMMYECKON Harpy3Kku.
Ha ocHoBe aHanusa pe3ynbTaToB MOXHO KOPPEKTUPOBATbL YepPTEXW, BbIBOAS
LIEHTP TSXKECTU CUCTEMbI Ha NUHNIO FeHepUpPOBaHMA KonebaHuii.
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OOCNIMKEHHSA FANONMYBAHHA PE3OHAHCHOIO N’POXOTA
3 ACUMETPUYHUMU KOJIUBAHHAMMU

HocnipKyeTbca HeniHiHa acMMeTpUYHa cUcTema, LIeHTP TAXiHHA AKOi He cniBnagae
3 niHiel0 reHepyBaHHA KonuBaHb. OTpuMaHi 3anexHocTi Ansi BU3HA4YeHHS BeNUYUHU
aMnniTyaM NnoBOpoTHUX KONMMBaHbL KOpo6a No Moro [OBXWHI.

Knroyoei cnoea: sibpocucmema, acumMempuyHUl YUK KonueaHb, OughepeHuiarnibHi
PIBHAHHS, amrnimyda, MPUCKOPEHHS.

E. A. Logvinenko, Associate Professor, V. B. Silich-Balgabaeva, Associate Professor

RESEARCH OF GALLOPING RESONANT SCREEN
EMITTING ASYMMETRICAL VIBRATIONS
We study a nonlinear asymmetric system, which center of gravity does not coincide

with the line of oscillations generating. Dependences for determining the amplitude
of the rotary oscillation box along its length are obtained.

Keywords: vibratory, asymmetric vibration cycle, differential equations, amplitude,
acceleration.

Introduction. The main drawback of existing asymmetrical type vibrators are
often associated with galloping unevenness of vibration amplitudes along
the length of vibratory machine working bodies, conveyors, screens and boxes
due to lack of coincidence of center-of-gravity to the direction of excitation forces,
which leads to efficiency decrease of production processes. That is why it is very
important the study of dynamics of asymmetric vibrators with a center-of-gravity
deviation from the direction of generating oscillations and receipt mathematical
relations that allow the calculation and estimation of amplitudes and accelerations
along the length of the working bodies. This article presents the results of these
studies on the example of dynamic design scheme with two massed screen with
asymmetric characteristic of nonlinear elastic ties.

Design scheme. Fig. 1 presents a scheme of resonant dynamic screen which

consists of a box (its mass is my, taking into account the average technological
load) and the counterbalancing chassis (m, ), connected by linear elastic support
brace (K, denotes stiffness) and through static clearances (e, and e, ) by buffer
elastic constraints of considerable stiffness (stiffness denotes Kg; and Kgo,

where Kg; > Kg»). Eccentric-and-rod drive ( p denotes eccentricity radius) is set

up on the equilibrant chassis and binding through the driven elastic linkages
(stiffness Kg) with the box. The box rests on the basement through vibration

isolators (total stiffness Kj in vertical direction and K3, in horizontal direction).
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h h- 7
I 1

Fig. 1 - A dynamic scheme of the resonating separator-conveyor SCRA

On the scheme centers-of-gravity O, O; and O, also are designated

(O is center-of-gravity of the system, O; is center-of-gravity of the box, O,

is center -of-gravity of the equilibrant chassis). Generating of vibrations from
the drive is at an angle S to the horizontal. Also the following designations are

accepted:
1 is the angle of inclination of the straight line connecting centers-of-gravity O;

and O, to axis X;
R, is distance from the center-of-gravity of system O to the center-of-gravity
of equilibrant chassis O, ;

h is distance from the vibration isolators to axis x
b, and b, are distances from the axis of vibration absorbers to axis y . In this

case by =bh,.
Plane motion of the box is defined by three coordinates g,, gzand Q4.

The equilibrant chassis motion with respect to the box is defined by coordinate q; .

The motion equations and their solutions. Small oscillations of the system
near stable equilibrium position are described by following differential equations:

Myt + My (6 cos B — Gz sin ) —MyRyy sin Sy +

(Ko +Kq)tg + 01K po (0 — ) + 02K gy (0 +€2) +

+ u(Kg + Ky + 01K go + 05K g1) 0y = Kgp(Sin vt + pv cos ),
mdj + Myt cos B+ K[ +hay + £2(dp + hdg)] =0,

M + Myt Sin 3+ K3(gs + 23) = 0,

164 —MyRyGy sin By + Karh(dy + wp) +C(ds + 44) =0,

@)
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where:

{1, given g > e,
o1 =

0, given g;<e¢,

1 given @ <—ey,
O =
270, given g =>—ey,

m=my+my; C=Kay-h?+K3-b; fo=5-5,

where | is the moment of inertia of all system with respect to an axis, which
is passing through its center-of-gravity in static position; v is frequency of forced
oscillations; u is factor of internal resistance.

Knowing a working point of given amplitude of vibrations of the box on amplitude-
frequency characteristic, the forced frequency and factors of vibration forms, we can
rate the amplitudes of vertical, horizontal and rotary vibrations of the box in the middle
and at edges and angles of slope of mechanical trajectories to the horizontal.

The analysis of results shows that at considerable deviations of angle £, from
angle of throwing g the difference of amplitudes of the box vibrations at its

edges increases.

Conclusions. The obtained expressions allow (depending on the location
of the center-of-gravity of the screen, the line of the excitation force and process
load) to determine the amplitude of oscillations along the length of the box.

Based on the analysis results it is possible to correct drawings, bringing
the center-of-gravity of the system to line of generating oscillations.
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