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MoentoBaHHS pyXy JBOMAcOBOTO BiOpaliiiHOro
KUBUJIbHHUKA Ha 0a31 riapoiMIyI5CHOTO IPHUBOIA

Po3pobsicHa HOBa OpHriHaJbHA KOHCTPYKIliS JBOMAcOBOTO BIOpAIiifHOTO >KMBUIIBHHMKA Ha 0a3i
TipOIMITYJIbCHOTO MPUBO/IA, SIKa BPIBHOBAXKYE HAUIMILIKOBI AWHAMIYHI HaBaHTaXeHHs. [IpoBeneHo TeopeTHuHe
JIOCTIJIKCHHST TBOMAaCOBOTO BiOpAIlifHOrO >KMBHJIBHHKA 3 TiIPOIMIYJIBCHUM NPUBOJOM Ha 0a3i po3poOieHoi
MaTeMaTH4HOi Mozeii. Y mporeci gociipkeHHs 0yiaa po3podiieHa po3paxyHKOBa CXeMa IIPUCTPOIO Ta OTPUMaHi
OCHOBI MAaTEMAaTH4YHI 3QJIE)KHOCTI SKi XapaKTePH3YIOTh PEKUMH HOro poOOTH Ta B3aEMO3B’S30K POOOUMX
mapaMeTpiB, a TAKOXK JAIOTh 3MOTY OIL[IHUTH aKTYaIbHICTh Ta TIEPCIEKTHBHICTh OPUTIHATHHOI pO3POOKH.
BiOpauniiiHnii ’KUBUJILHUK, TAPOiMIYJILCHUII NPUBOJ, BiOpauii, peakTHBHA Maca
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JI0Il., KaH/. TexH. Hayk, E.W. UBaiiko, cT. 1a060paHT
Bunnuyxuii nayuonanbHuill mexnudeckull ynueepcumem, 2. Bunnuya, Yepauna

MO)IeJII/IpOBaHI/Ie ABUKCHHUS JIBYXMAacCoOBOI'o Buﬁpauuonnoro nuTaTeas Ha 0ase

THApoOUMITYJILCHOI'O IPUBOIA

Pa3zpaboTrana HOBasi OpUTHHATBHAS KOHCTPYKIHUS JBYXMACCOBOTO BHOPAIMOHHOIO MHTATENs Ha 0a3e
THPOUMITYJILCHOTO TPHUBOJA, KOTOPash YPAaBHOBEUIMBACT M30BITOUHBIC JWHAMHUYECKHE HArpy3ku. [IpoBeneHO
TEOPETHUYECKOE HCCIICAOBAHNE JBYXMACCOBOTO BHOPAIIMOHHOTO MUTATENsI ¢ THAPOUMITYIILCHBIM MPUBOJOM Ha
0a3e pa3paboTaHHON MaTeMaTHYeCKOH MoJienn. B mporecce neciaenoBanus Oblia pa3padoTaHa pacueTHas cxeMa
YCTPOMCTBA U MOJTy4eHbI OCHOBHBIE MATEeMATHUECKHE 3aBUCHMOCTH, YTO XapaKTEePU3yIOT PEXHUMBI ero paboThl U
B3aUMOCBSI3b PabOUYUX MApaMeTPOB, a TAKKE JAal0T BO3MOXKHOCTh OLEHUTh aKTyaJbHOCTb M MEPCIEKTHBHOCTD
OPUTHHAJIBHON pa3pabOTKHU.
BUOPAIMOHHDII MUTATEJb, THAPOUMIYJILCHBII PUBO/, BUOPAIIMH, peaKTUBHASI Maca

IlocranoBka mnpobaemu. OCHOBHUM  HEAONIKOM  MOTY>KHUX  BiOpariitHux
KUBWJIBHHKIB 3 PI3HUMHU BUJIAMH MPHUBOJIB (MEXaHIYHUM, JeOATaHCHUM, T1APOIMITYIILCHHM),
BUKOHAHUX 10 OJJHOMACOBIH CXeMi, € BUCOKI IMHAMIYHI HABAHTAXKEHHS HAa €IEMEHTH HECYUHUX
KOHCTPYKIIK ((hyHIaMEHTH, paMu Ta iHIIe). BiOpariiiHi )UBWIBHUKH 3 TiAPOIMITYJIBECHUM
npuBoJoM [1, 2] HamaIITOBYIOTHCS Ha OUISIPE30HAHCHUN PEXUM, BHACTIIOK YOTO JUHAMIYHE
HAaBAaHTA)XCHHA Ha (DYHIAMEHT MOKE JOCSATATH JyXKe BEIUKUX 3HAUeHb. PilIeHHsSM JaHOl
npoOJieMU € BCTAaHOBJIEHHS JOAATKOBOI PEaKTHBHOI MacH, sike 1 Oyae crnpuitmMaTh Ha cebe
HAUIVIIKOBI JUHAMIYHI HABAHTAXKECHHS.

AHaJi3 ocTaHHiX qocaikeHb i myOJikanii. Y npai [3], mpu maci po6odoro oprany
1000 kr 1 BIacHOI YaCTOTH OJHOMACOBOi crcTeMH Onm3bko 100 ¢ MakcMManbHA aMILTITyAa
TUHAMIYHOTO HaBaHTaXXCHHs Ha (yHIaMEHT MoOKe nocsratu BenuunH Oimpine 50 kH.
[ToB3n0OBXKHE BpIBHOBaKCHHS JaHOi BiOpamiiHOI CHUCTEMH HENpHIATHE s poOOTH Tij
BEJIMKMMU 3MIHHUMHU HaBaHTaKEHHSMHU.

VY mnpami [4] ans TEOPETHYHOTO IOCIHIHKCHHS PyXy BiOparjiifHoro koHBeepa Oyna
po3pobiieHa MaTeMaTHyHAa MOJETIh TEPEeMIlEHHS BaHTaXy Bropy Yy BEpTUKaNbHIN 1

© P. [1. IcxoBmu-JIoroupkwit, I. B. Ko, f.B. IBanuyk, €. 1. Ipamxko, 2018



ISSN 2409-9392 Machinery in agricultural production, industry machine building, automation, 2018, Col.31

TOPU30OHTANBHUX IUIOIMIMHAX. Y JaHii MaTeMaTHuHId MoJedl cyMapHa IIBUIKICTh
NepeMillIeHHs] BaHTaXXy B JIaHi MOJENI CKIAJa€eThCs 13 MIBHAKOCTI MOCTYMAJbHOTO PyXy i
npucpocty BiOpamiiiHoi mBuakKocTi. OCTaHHA TpPENCTaBICHA TaK0X CYMOIO CKJIaJ0BUX
MIBUJIKOCTI BiOpalii B TOPM3OHTAIbHIM 1 BEpTUKaNbHIA IutOmMHaxX. JlaHa MaTemaTtndHa
MOJIeTIb HE pO3TMsAa€e BH3HAYCHHA JUHAMIYHUX CHJI HABAaHTAXCHHS Ha TMOBEPXHIO
BaHTa)KOHECYUYOT'0 OpraHy BiOpaliiHOTO KUBUIbHUKA

BpaxoByroun BuIlleCcKa3aHe, aKTyallbHUM € PO3poOKa Ta TEOPETUYHE IOCIiIKEHHS
OpUTIHAIBHOI KOHCTPYKIIiT MOTY>KHOTO BiOpamiiHOTO KUBMWIIbHUKA Ha 0a3i TiApOiMITyIbCHOTO
MPUBOJIA 3 BEIMKUM CTYIIEHEM BiOPO130IIIIii.

IMocTanoBka 3aBaaHHsA. Merta cTarTi — po3poOKa MaTEeMaTHYHOI MOJEINI PyXy
JIBOMacOBOTO BiOpamiifHOro >KMBHJIbHMKAa Ha 0a3l TiIpoiMIyJbCHOTO TIPHBOJA, IS
HiATBEPKEHHS JOIUIBHOCTI PO3pOOKH Ta €eKTHBHOCTI HOTO POOOTH B MEPCIIEKTHBI.

JIst BUpIIICHHS TIOCTABJICHOI METH HEOOX1THO BUPIIIUTH HACTYITHI 3a7a4i: IPOBECTH
aHa i3 PO3pOOJICHOTO JBOMACOBOTO BIOpAIiHHOTO IKUBWIIBHHKA 3 TAPOIMITYJIBECHUM
MPUBOJOM, SIK 00’€KTa AOCTIIKEHHS; pO3pOOUTH MaTEeMaTHYHY MOJENb PyXy JBOMAacOBOTO
BiOpaIiifHOro XMBHJIbHUKA Ha 0a3i TiIpOoiMIYyJIBCHOTO MPUBOJAA; TEOPETHYHO IOCTIAUTH 1
MpoaHaNi3yBaTH OTPUMAaH1 3aJEeKHOCTI poOOYMX MapaMeTpiB JBOMACOBOTO BiOpaliifHOTO
JKUBHJIbHHMKA Ha 0a3i TiApOIMITyIbCHOTO MPHBO/JIA.

Bukiiax ocHoBHoro marepiany. Y BiHHUIBKOMY HAaI[lOHATbHOMY TEXHIYHOMY
yHiBepcHTeTI Ha Kadempax Traly3eBOro MAIIMHOOYIyBaHHS Ta IH)KEHEPHHX CHUCTEM Y
Oy IiBHUIITBI pO3p0o0jIeHa KOHCTPYKIIiSl MOTY>KHOTO JBOMACOBOTO BiOpaIliiHOTO KUBHJIbHUKA
Ha Oa3i rigpoiMmyiabcHOro npuBoaa [1, 3, 5] 3 BenMKUM cTyneHeM BiOpoizossiii [6].
Bibpariiinuii ;kUBUIILHUK CKIIAJAEThCS 13 JTOTKA | Ha SIKOMY 3HAXOAUTHCS CUITyYUN BaHTaX 2,
[0 TepeMilnyeTbes Bropy. Jlo 1oTka 1 mpHKpilUieHa peakTHBHA Maca 3 4depe3 MpyKuHU 4.
[lepemimieHHs: peakTUBHOI Macu 3, sKa B CBOIO UEPry BHUCTYMA€ TIAPOIMIIHIPOM,
3a0e3meuyeThes 30UTbIIEHHSIM THCKY Y pOOOYiil MOPOKHUHI 5 0 BEJIMYUHU P, HATHITAHHAM
rigpoHacocoM pobodoi piauHK uepe3 mopiieHs 6. [lopiieHs 6 K0pCTKO 3’ € JHAHUM 13 MOCTOM
9, sikuil yepe3 Hampapsitodl § 1 MpykuHu 4 3’€THAHUHN 13 JTIOTKOM 1. 3BOpOTHHUH pyX JOTKA 1
3a0€e3Meuy€eThcsl MaAiHHAM THUCKY Yy POOOYii MOPOXKHHUHI 5 0 BEIWYHMHH p,. PerymroBaHHS
MaKCUMAaJIbHOTO THCKY HaOOpy p 1 maiHHS p, 3a0€3Meuy€eThesl KIanaHOM-IyJIbCaTOpOM 7.

%

m; — Maca, sika BKJII04ae B cebe Macy JIOTKA i IPUBEJCHY Macy IIapy BaHTaXYy; 711, — BEIMYMHA PEAKTHBHOI MacH;
ki — npuBeneHni KoediLieHT )KOPCTKOCTI, SIKUil BKIIOUa€e B ce0e )KOPCTKICTh JOMOMIDKHOI MPYKHOI CHCTEMH 1
JKOPCTKICTB IIapy BAaHTaXYy; k — JKOPCTKICTh OCHOBHOT IPY>KHOI CUCTEMH

Pucynoxk 1 — Po3paxyHkoBa cxema JBOMacOBOI0 BiOpaluifHOTro »XMBHIBHHUKA 3 T1JPOIMITYJIbCHUM IIPHBOIOM
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SKIO cUIM THCKY B TiAPOIMITYJIBCHOMY TNPHBOJII BPIBHOBRKEHI, TO JAMHAMIYHE
HaBaHTa)XCHHSA Ha (yHIAMEHT BKIIOYAE B ceOe CHIIy THCKY TMOPIIHS BiOpaTopa 1 peakiiro
OCHOBHHX INPYKHHX 3B's3KiB [7]. loro Mo)Ha BU3HAYHTH 13 BUpa3y:

R,=P,S,~kY, W

ne R, — JTWHAMIYHE HABAaHTAKCHHS HAa (PYHIIaMEHT;

P, — nunamiyHa ckJiajioBa TUCKY B poOouiil mopoxuuHi 5 (puc. 1);
k — »OPCTKICTh OCHOBHOT MPY>KHOT MiABICKH;

S, — III0IIa MOMepeyHoro nepepizy nopimus 6 (puc. 1);

Y — ammitityia KonuBaHHS peakTuBHOI Macu 3 (puc. 1).

Jlnst CKJIaZieHHsT PIBHSHHS PyXy JBOMAacOBOI CHCTEMH CKOPHUCTYEMOCS PIBHSHHSIMHU
Jlarpanxka apyroro poxy [8].

[IpuitmaeMo 3a y3arajabHEHI KOOpPAWHATH IIi€l CHCTEMH BIIXWICHHS Mac Big ix
PIBHOBAr# X 1 X,, HAMPaBIEHHS BIAJTIKY SKUX BKa3aHi Ha puc. 1.

PiBHsaHHs Jlarpamka U1 CHCTEMH, IO PO3TIIAIAETHCS, MA€ BUTTIA:

d(oT )| oT ol oD

CND N EL P,

dt\ ox, ) Ox, 0Ox, Ox

(@)

d(oTr ) oI ol o®
—— |-+ —+—=0,.

dt\ox, ) ox, Ox, Ox,

[ToBHa KiHETHYHA CHEPTisl CHCTEMHU:
1o . .
T = —(m,xl2 + mzxf)
2

[TorenmiansHa eHepris cucteMu [/ BKIO4Yae B cebe eHepriio aedopmaliii nmpyxHUX
3B’ SI3KIB:

17=%[/’qx12 +k(x1 —xz)zl

HucunatuBHa ¢yHkuis Penes:

1 .,
D =—nx;.
21']1

Cunu, 110 IiI0Th Ha MacH, PiBHI MiXk COOOI0 1 MPOTHIIEKHI 32 HAPSIMKOM:
0 =-0,=FS5,.

[TincTaBnsroun 1i BUpasu B piBHSIHHS Jlarpamxka (2), oTpuMaeMo pIBHSHHS pPyXy
JIBOMACOBOI CHCTEMU:

mX, +kx, +k(x1 —x2)+77)'cl =hBS,, 3)
m,%, +kx, +k(x, —x,)+nx, =—P,S,.

Hani piBHSIHHS (3) SABJISIOTHCS IPYTOI0 TPAHUYHOIO YMOBOIO 1Jis x=L. Buxmrovarouu 13
cucTeMu piBHAHB (3) X 1 BpaXOBYIOUH, I10:
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S _y
x,—x,=Y=y, —==%,
1 2 YL S,
OTPHUMYEMO:
X, :xl—y—L.
c

[TincraBisroun Bupas i X, B (3) 11t x=L oTpuMyeMO:

mx, + kx, +kyé+775c1 =—E%S1,

o’y 1 1 oy ®
i -2 |- =£Zs,
mz(xl or’ 0'] kya ox !

Skmo  y(x,t)=u(x)e’”, T06TO MH OTPUMYEMO MOHOrApMOHINHI KOJIMBAHHS 3

4acTOTOIO M, & X| 1 X, B CUJIY CYNepHo3uIlil OyAyTh TaKOK MOHOTApMOHIMHUMH, 1 A1 X=L:
x, =Au(x)e’™, (5)
ne A — KoeimieHT 3B’ 53Ky MiXK ) 1 X;.

[TincTaBuBmw (5) 1 BUpa3 ais y B (4), OTpUMAEMO CUCTEMY PiBHSHb, SIKi € TPAHUYHUMU
YMOBaMH JUIsl X=L:

Au(x)(—mla)2 +k, +ja)77)+ku(x)l=— du_(x)Sl;
o dx ©6)
NG 1 _ . du(x)
——A |-k —=E A
mza)u(x)(o_ ] u(e) L= p s
KoeimieHT 38’513Ky BU3HA4Ya€MO 13 IPYTOro piBHAHHA CUCTEMH (6):
u(x)(mza)2 - k)l - Edui(x) S

A= o__ dr (7)

m,@*u(x)

[TincTaBuBim (7) B mepiie piBHAHHSA CUCTEMH (6), OTPUMYEMO TPAaHUYHY YMOBY AJIs
x=L:

=0, (8)
Ie

(m2m2 - kaom -mo’ +k, )+ km,®’

H = 2
m,n ES,c

)

BBengemo no3HaueHHS:
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. __________________________________________________________________________________________________________________________________________________________________]

m, m, m, m)
2 2 2 (10)
2 2 @
"o T BT
1 2 3

[Tincrasusmm (10) B (9), oTpuMaemo:

= 1 1Yv: .MV, 1
- (1 J( Jl L [1 J a
Pipasiaast (8) ¢dopmansHO cmiBmagae 3 piBHsHHAM (3.13, [9]) 1 dopmyna ans
Bu3HaueHH H B (3.12 [9]) sBe okpemuMm Bumagkom (opmyiau mis Bu3HadeHHS (11) mpu
migcraBineHds B (11) 3Hauenp Ty=0 1 k;=0. Ilogampmuii po3paxyHOK (BHU3HAYCHHS
MepeMileHb, TUCKY 1 TIOBHOT MOTYXHOCTI HEOOX1THO BUKOHYBaTu 1o (Gopmynam (3.15, 3.20,
3.33 [10]), BUKOPHUCTOBYIOUH TIpH po3paxyHKax u(x) popmyny (3.14) i g(x) — bopmymny (3.19
[11]) HAaCTymHUMU CIiBBIAHOIIEHHSIMH:

a,=ReH; b=ImH; R=l+a, L.
Busznaunmo nepemimieHnast pobo4oro oprany, st yoro B (5) migctasumo (7) i (10):

x = ulef 1- L | Lo ) | (12)
v, Jo v, dx

[TincTaBuMoO B 1IeH BUpa3 3HAYCHHS 1(X) - 10 Gopmymi (3.14 [12]) 1 g(x) — mo hopmyi
(3.19 [11]) mpu x=L, micnsi BiIKHIAHHS YICHIB BUIIOTO MOPAIKY MAJOCTi 1 BHIIICHHS
JMIACHOT YacTMHM OTPHUMAEMO BHpa3 Il BU3HAUYCHHA (QYHKIT TMEpeMIlIeHHs JIOTKa
BiOpaIiifHOrO JBOMaCcOBOTO KUBUJIHHUKA!

x, = Ax, cos(a)t -, ), (13)
e
1 1 Lb* +a,R 1 o’
X, =— 1—— —L ——1 1___ ) 14
! G( V;j (R2+L2b2]( v viJ o
bL
tg(PLZX'

AHai3yl09l OTpUMaHI 3aJIe)KHOCTI, MOXXHAa 3POOUTH BHCHOBOK, IO TMEPEMIIICHHS
poboyoro oprany x; 30LTBIIYETHCS, TPU 3MEHIIEHI V; a TAKOXK MPHU 30UIBIICHH] PEaKTUBHOI
MacH T,. | HaBMaKy 3MEHIIY€THCS MPHU 30LIBIICHH] B’ A3KOCTI TPAHCIIOPTYOYOr0 MaTepiaiy.

BucnoBku. Po3po06iieHa MaTtemMaTH4Ha MOJIEb PyXy BiOpaliifHOTO >KUBHIJIBHHKA, SKa
JO3BOJISIE ONTUMI3yBaTH MapaMeTpu HaJIaroKEHHS TiAPOIMIYIBLCHOTO MPUBOJA 1 HAMITUTH
NUISIXA  BUPIMICHHS MPOOJEMH EKCTPEMalIbHO BHCOKMX JIMHAMIYHMX HaBaHTaKEHb Ha
dbyHIaMEeHT MpH po3poOIll HOBHX OpPUTIHAIBHUX KOHCTPYKIIM JBOMAacoBHX BiOpauiiHUX
YKUBUJIHHUKIB.
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Simulation of the Motion of a Two-mass Vibrating Feeder Based on a Hydro-impulse

Drive

The main disadvantage of powerful vibrating feeders with different types of drives, performed on a
single-mass scheme, are high dynamic loads on the elements of load-bearing structures. The aim of the article is
to develop a mathematical model of the motion of a two-mass vibrating feeder based on a hydroimpulse drive, to
confirm the feasibility of developing and its performance in the future.

Vibrating feeders with a hydropulse drive are tuned to near resonance mode, as a result of which the
dynamic load on the foundation can reach very high values. The solution to this problem is to establish an
additional reactive mass, which will absorb the excessive dynamic loads. A new original design of a two-mass
vibrating feeder based on a hydropulse drive is developed, which balances the excess dynamic loads. A
mathematical model of the motion of a two-mass vibrating feeder is developed, which is represented by a system
of Lagrange differential equations. The solution of the mathematical model of motion of a vibrating feeder was
carried out by the method of introducing a complex variable. A theoretical investigation of a two-mass vibrating
feeder with a hydroimpulse drive based on the developed mathematical model is carried out.

In the process of research, the design scheme of the device was developed and the mathematical
dependences obtained on the basis of a system of differential equations were derived. A mathematical model of
the motion of a vibrating feeder has been developed which allows to optimize the parameters of debugging of the
hydroimpulse drive and to outline ways to solve the problem of extremely high dynamic loads on the foundation
while developing new original designs of two-mass vibrating feeders. Solving the system of differential
equations that characterize the modes of its operation and the interrelationship of operating parameters make it
possible to assess the relevance and prospects of the original development.
two-mass vibration feeder, hydro-impulse drive, vibration, reactive mass
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