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MojentoBaHHs pyXy ABOMAacOBOTO B1IOpaIllitHOIO
KUBUWJIbHUKA Ha 0a31 TApOIMIyILCHOTO IIPHUBOA

Po3pobiena HOBa oOpuTiHabHA KOHCTPYKIISI JBOMAcOBOTO BiOpalliifHOro >KMBHJIbHWKAa Ha 0a3i
TiAPOIMITYIIECHOTO TIPHBO/IA, SIKa BPiBHOBAXKYE HAIUTMINKOBI JMHAMIYHI HaBaHTaxeHHS. [IpoBeneHo TeopeTHIHE
JIOCITI/PKEHHST TBOMaCcOBOTO BiOpPAIifHOTO XUBWJIBHHKA 3 TiIPOIMITYJIbCHUM TIPUBOAOM Ha 0a3i po3poOieHoi
MaTeMaTHJHOI MoJieni. Y mporieci JOoCTiKeHHs Oyia po3po0iieHa po3paxyHKOBa cXeMa MPUCTPOI0 Ta OTpUMaHi
OCHOBI MaTeMaTW4YHi 3aJeKHOCTI SKi XapaKTepH3yIOTh PEKUMH HOro poOOTH Ta B3a€MO3B’SI30K pPOOOYMX
HapaMeTpiB, a TAKOXK Jar0Th 3MOT'Y OLIHUTH aKTyaJbHICTh Ta HEPCIIEKTHBHICT OPHUTIHANBHOI PO3POOKH.
BiOpaniiiHNi KNBUIbHUK, FAPOIMIYJILCHHII IPUBOJ, BiOpanii, peakTHBHA Maca
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MoaenupoBanue [ABHKEHHSI JBYXMACCOBOIO0 BHOPAUMOHHOrO MNHUTATeJlsi Ha 0ase

THApoOuMITyJIbCHOI0 MPUBOJA

Pa3zpaboTana HOBasi OpUTHMHAJBbHAS KOHCTPYKIHS JIByXMacCOBOTO BHOpAIIMOHHOTO MHTaTelsisi Ha 0ase
THPOUMITYJICHOTO TIPHBOJIA, KOTOpPasi ypaBHOBEIIMBAECT M30BITOUHBIE IUHAMH4YecKHe Harpys3ku. [IpoBeneHo
TEOPETHYECKOE HCCIICAOBAHUE JIBYyXMAaCCOBOTO BHOPAIIMOHHOTO MHUTATENs C THAPOUMITYJIBCHBIM IIPUBOJOM Ha
6aze pazpaboTaHHOIN MaTeMaTHYeCKOW MoJielH. B nporecce ucciieoBanus Opuia pa3paboTaHa pacyeTHas cxema
YCTPOMCTBA M MOIYYEHbl OCHOBHBIE MaTeMaTHYECKHE 3aBUCHMOCTH, YTO XapaKTEPU3yIOT PEXUMBI €ro paboThl U
B3aUMOCBSI3b pabOUYMX MapamMeTpoB, a TAKXKE JalOT BO3MOXKHOCTH OLCHUTh aKTyaJbHOCTh U IHEPCIEKTHBHOCTb
OPUTHHAJIEHON Pa3pabOTKH.
BUOPAIMOHHBII MUTATE/Ib, THAPOUMIYJIBLCHBII NPUBOJ, BUOPALINH, peaKTUBHAsI Maca

IlocranoBka mnpoOaemu. OCHOBHUM  HEJONIKOM TMOTYXHHX  BiOpariitHux
YKUBWIBHUKIB 3 PI3HUMHU BUJAMU MPHUBOJIIB (MEXaHIYHUM, JeOalaHCHUM, TAPOIMIYIbCHUM),
BUKOHAHHUX I10 OJIHOMACOBIiil cXeMi, € BUCOKI IMHAMIUHI HAaBaHTAXXEHHS Ha €JIeMEHTH HEeCYyYnX
KOHCTPYKUIN (pyHIaMeHTH, paMu Ta iHIIe). BiOparmiiiHi KUBWIBHUKU 3 T1IPOIMIYILCHUM
npuBojoM [1, 2] HaNAMmMITOBYIOTECS HA OUISIPE30HAHCHUM PEKUM, BHACIIOK YOTO JUHAMIYHE
HaBaHTa)XCHHA Ha (QyHIaMEHT MOXKE JOCSraTh AyXKe BEJIUKUX 3HaueHb. PilleHHAM aaHol
npoOJeMHu € BCTaHOBJICHHs JIOJIATKOBOI pEaKTHUBHOI MacH, sike 1 Oyne crnpuiimatu Ha cebe
HAUIMIIKOB] AWHAMIYHI HAaBaHTAKEHHSL.

AHaJti3 ocTaHHIX J0c/TiTKeHb i myOaikaniii. Y npaui [3], mpu Maci poboyoro oprany
1000 kr 1 BiIacHOI YacTOTH OJHOMACOBOI cucTteMu Oam3bko 100 ¢! MakcumanbHa aMILTITy1a
JUHAMIYHOTO HaBaHTAaXXEHHsS Ha (yHJAMEHT Moke jaocsratd BenuuuH Oinbme 50 xH.
[ToB30BXHE BpIBHOBaXEHHSI J1aHOi BIOpaliiiHOI cuCTeMU HempuiaTHE Uisi poOOTH i
BEJIMKMMHU 3MIHHUMH HaBaHTAKCHHIMHU.

VY mpami [4] w1l TEOPETHYHOTO MOCHTIKEHHS PyXy BIOpamiiHOTO KOHBeepa Oyia
po3pobiieHa MareMaTHMyHa MOJENIb IEpEMIIEHHS BaHTaXy Bropy Yy BepTUKaJbHIN 1
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TOPU3OHTAILHUX IUIOMIMHAX. Y JaHii MaTeMaTH4YHId MOJeNi CyMapHa IIBUJIKICTh
MepeMIIICHHsI BaHTaXXy B JaHIA MOJEINI CKJIAA€ThCs 13 MIBUIAKOCTI MOCTYMAIBLHOTO PYXY i
npucpocty BiOpariiiHoi mBuAKocTi. OCTaHHS TMpPEACTaBICHA TaKOX CYMOK CKIaJIOBHUX
IIBHJIKOCTI BiOpaIii B TOpH3OHTAJbHIN 1 BepTUKaNbHIA IUIOMMHAX. JlaHa MaremaTH4Ha
MoOJieJ b HE pO3IJIJa€ BHU3HAUYEHHS JUHAMIYHUX CHJI HABaHTAXCHHS Ha MOBEPXHIO
BaHTA)KOHECYUYOT0 OpraHy BiOpaIiiiHOro »KUBUIHLHUKA

BpaxoByroun BuIillecKa3aHe, aKTyaJbHUM € POo3poOKa Ta TEOpEeTUYHE OCIiIKEHHS
OpPUTIHAIBHOT KOHCTPYKIIIi MOTYXXHOTO BiOpaIifHOTO )KMBUIIBHUKA Ha 0a31 TiIpOIMITYJIbCHOTO
MPUBO/A 3 BEJTUKUM CTyIIEHEM BiOPO130JIAILii.

IlocTanoBka 3aBaaHHfA. Mera CTarTi — po3poOKa MAaTeMaTUYHOI MOJENI PyXy
JIBOMAacOBOTO BiOpaIliifHOTO J>KMBWJIbBHMKAa Ha 0a3l TiAPOIMIYJILCHOTO TPHBOMAA, IS
MiATBEPHKSHHS TOMUTBHOCTI PO3pOOKH Ta e(heKTHBHOCTI HOTO pOOOTH B MEPCIICKTHBI.

Jlyst BUpIIIEHHS] TIOCTABJICHOI METH HEOOX1THO BHUPIIIUTH HACTYIHI 3aja4i: IPOBECTH
aHai3 po3poO0JICHOTO JIBOMACOBOTO BIiOpAIiHHOTO JKUBWIBHHKA 3 TiAPOIMIYIECHUM
MPUBOJIOM, SIK 00’€KTa JOCIIIKEHHS; pO3pOOUTH MaTeMaTHUYHY MOJENIb PYXy JBOMAacOBOTO
BiOpaIiiHOrO >KMBWJIbHUKA Ha 0a3i TiIpOIMIyJIbCHOIO IPHBOJA; TEOPETUYHO IOCIIIUATH 1
MpPOaHaNIi3yBaTH OTPHUMaHI 3JIEKHOCTI POOOYMX TapamMeTpiB JBOMACOBOTO BIOpaIiitHOTO
JKUBHJIBHHMKA Ha 0a3i TiApoiMITyIbCHOTO MPHBO/IA.

Buxiaax ocHoBHOro marepiaay. Y BiHHUIIBKOMY HaI[lOHAJIBHOMY TEXHIYHOMY
yHIBEpCUTETI Ha Kadeapax ramxy3eBOro MalIMHOOYAyBaHHS Ta I1H)KEHEPHHX CHCTEM Y
OyIIBHUIITBI PO3p0o0JIeHa KOHCTPYKIIiS MOTY)KHOTO JBOMACOBOTO BiOpAIiiHOTO KUBUJIbHUKA
Ha ©0a3i rigpoimmynscHoro mpuBoaa [1, 3, 5] 3 BenwkuM cryneHem BiOpoizousmii [6].
Bibpartiliauii >KMBUIBHUK CKJIQIA€THCS 13 TOTKA | HA AKOMY 3HAXOJUTHCS CUITyYUi BaHTaX 2,
1o nepemimyerbest Bropy. [lo noTka 1 mpukpimieHa peakTUBHA Maca 3 4epes MpyKuHU 4.
[lepemimeHHs: peakTUBHOI Mach 3, sSKa B CBOK UEpPry BHUCTYMA€ TiAPOIMIIHAPOM,
3a0e3meuyeThes 30UTbIIEHHSIM THCKY Y po00Yiil MOPOXKHKUHI 5 0 BEIMYUHU p), HATHITAHHSAM
riipoHacocoM po0Ooyoi piaAHU Yepe3 nopuieHs 6. [lopiieHs 6 )K0pCcTKO 3’€HAHMM 13 MOCTOM
9, skuii yepe3 HampaBisiiovi 8 1 MPYKUHU 4 3’€THAHUM 13 TOTKOM 1. 3BOpOTHHUI pyX JTOTKa 1
3a0e3neuyeTbes MaIiHHAM THCKY Yy po0Oodiil MOPOXKHUHI 5 10 BETUYMHU p,. PerymroBaHHs
MaKCHMAaJIbHOTO TUCKY HAa0OpY p; 1 Ma/liHHS p, 3a0€3MeuyeThCs KIanaHOM-ITyI5CaTOPOM 7.

.

m; —Maca, sKa BKJII0Yae B cebe Macy JIOTKa i IpUBEICHY Macy HIapy BaHTAXY; M, — BEJIMYMHA PEaKTHBHOI MacHy;
ki — npuBeneHN Koe}ilieHT KOPCTKOCTI, IKUH BKIIOYAE B c€Oe )KOPCTKICTh JOMOMIXKHOI MPY>KHOI CHCTEMH i
JKOPCTKICTB IIapy BaHTaXYy; kK — JKOPCTKICTH OCHOBHOI NPYXHOI CHCTEMH

Pucynok 1 — Po3paxyHkoBa cxema JBOMacOBOI0 BiOpamiifHOTo KUBUIBHHUKA 3 T1IPOIMIYJILCHUM IIPUBOOM
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S0 cuimum THCKY B TiAPOIMITYJIBCHOMY TPHUBOJII BPIBHOBaXKEHI, TO JWHAMIYHE
HABAaHTA)XCHHs Ha (YHIAMEHT BKIIOYAaEe B ce0e CHIIy THCKY TMOPIIHS BiOpaTopa 1 peakiliro
OCHOBHHX MPYKHHX 3B's13K1B [7]. loro Mo)Ha BUSHAYHTH 13 BUPa3y:

R, =PS —kY, (1)

ne R, — JTWHaMIYHE HaBaHTKECHHS Ha (yH/IaMEHT;

P, — nuHaMiyHa CKJazo0Ba TUCKY B poOouiii mopoxHuH1 5 (puc. 1);
k — )KOPCTKICTh OCHOBHOT MPY>KHOT ITiIBICKH;

S, — II01Ia NONEePEeYHOro nepepizy nopiHs 6 (puc. 1);

Y — ammtitya KonMBaHHs peakTUBHOT Macu 3 (puc. 1).

JIJis CKJIaJeHHs PIBHSAHHS PyXY JBOMACOBOi CHCTEMH CKOPHCTYEMOCS PIBHSHHSIMHU
Jlarpana apyroro poxy [8].

[IpuitmaeMo 3a y3arajdbHEHI KOOPAWHATH IIi€l CHCTEMH BIOXWJICHHS Mac BiI iX
PIBHOBArH X 1 Xp, HAMPABJICHHS BIAJIKY SIKAX BKa3aHi Ha puc. 1.

PiBusiHHs Jlarpanska Juist CHCTEMH, 10 PO3TISIAETHCS, MAE BUTIIS:

d(oT )| or ol o0d
— |-—+—+—=

dt ox, ) Ox, Ox, Ox O

@
d{oT | or ol o®
—|—|-—+—+—=0..
dt\ox, ) Ox, Ox, Ox,

[ToBHa KiHETHYHA €HEPTisl CUCTEMU:
1 2 2
T =—\mx; +m,x;
2

[TotenuianpHa eHeprisi cucremu /1 Bkitodae B cebe eHeprito aedopMalii MpyxKHUX
3B’A3KIB:

I =%[k1x12 +k(x1 —xz)z]

HucunatuBHa pyHkuis Penes:

1 .
cbzznxf.

Cunu, 1110 IiI0Th Ha MacH, piBHI MiX cO00I0 1 MPOTHIIEKHI 32 HAPSIMKOM:
0 =-0,=h5,.

[TigcraBnsiroun 11 BUpasu B piBHAHHA Jlarpamxka (2), oTpUMaeMoO pPIiBHSHHS pyXy
JIBOMacCOBO1 CHCTEMHU:

mX, + kx, +k()c1 —)c2)+77)'c1 =P,

3
m,X, + kx, +k(x2 —xl)+77)'c1 =-PS,. )

Hani piBHSIHHS (3) SIBISIIOTHCS APYTOI0 TPAHUYHOIO YMOBOIO JUTs x=L. Bukitouaroun 13
CUCTEeMH PiBHAHB (3) X, 1 BpaXOBYIOYH, IIO:
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S_y
X, —x,=Y=y, —=2L,
1 2 YL S, >
OTPUMYEMO:
x,=x, —2L,
c

[TincraBnstroun BUpa3 i X, B (3) 1 x=L OTpUMY€EMO:

mx, + k,x, +ky§+775cl = —E%Sl,

o’y 1 1 oy @
X, ——=— |-ky—=E=3S§,.
g (xl ot’ O'j kya ox

Sxio y(x,t):u(x)ej"”, TOOTO MH OTPUMYEMO MOHOTAapMOHIMHI KOJUBAHHS 3

YacTOTOIO M, a X 1 X2, B CHITY CYIEpIo3uLlii Oy1yTh TaKOK MOHOTAPMOHIMHUMM, 1 17151 X=L:
x, =Au(x)e’™, %)
ne A — KoediIlieHT 3B’ 13Ky MiXK V1 X;.

[TincraBuBmm (5) 1 BUpa3 1yist y B (4), OTPUMAEMO CUCTEMY PiBHSIHB, SIKI € TPAHUYHUMHU
yMOBaMu Ui x=L:

Au (x)(—mla)2 +k + jan]) +ku (x)l =-— du_(x)Sl;
o dx ©6)
1 1 du(x
mzwzu(x)LE—Aj—ku(x); =F di )Sl.
KoeditieHT 3B’513Ky BU3HAYa€EMO 13 IpYrOro piBHSAHHS cucTeMH (6):
u(x)(m2w2 - k)l -F dL(X) S
A= o dx . (7)

mye’u(x)

[TincraBuBmm (7) B mepiue piBHAHHSA cUCTeMH (6), OTPUMYEMO TPAHUYHY YMOBY JJIS
x=L:

W) + d‘;ix)

=0, 3

e

7 (o —k)fjon - me? + & )+ kmo? ©)

m,» ES,c

Bsenemo no3HaueHHS:
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]

m, m, m m<), (10)
. @ . , a)z. -
"o T BT
1 2 3

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

2 p—
H= 21 LS LTINS W Y N SR | (11)
G°AL vy \v; G°AL V5

PiBasiaast (8) ¢dopmanpHO cmiBmagae 3 piBHsaHHAM (3.13, [9]) 1 dopmyna mns
Bu3HaueHHS H B (3.12 [9]) sBe okpemum Bumagkom (opmynau mis Bu3HadeHHS (11) mpu
migcraBneHHs B (11) 3HaueHp T,=00 1 k;=0. llomampmuii po3paxyHOK (BU3HAYEHHS
nepeMileHb, TUCKY 1 TOBHOT MOTY)XKHOCTI HEOOX1THO BUKOHYBatu 1o (opmynam (3.15, 3.20,
3.33 [10]), BUKOpPHUCTOBYIOYH TIpH po3paxyHkax u(x) opmyny (3.14) 1 g(x) — bopmyny (3.19
[11]) HacCTymHUMU CTIBBITHOIIEHHSIMH:

a,=ReH; b=ImH; R=l+a,L.
BusznaunmMo nepemimieHas: po6o4oro oprany, st 4oro B (5) migctaBumo (7) i (10):
X, = u(x)(l_%jl_a_;ﬂz.du_(x) el (12)
V)

[TincraBuMo B 11e¥ Bupa3 3HaueHHs u(x) - mo popmymi (3.14 [12]) 1 g(x) — mo popmyii
(3.19 [11]) npu x=L, micas BiAKWAAHHS YICHIB BHIIOIO TMOPSAKY MAaJOCTI 1 BHIALICHHS
JTIACHOI YacTWHUM OTPUMAaEeMO BHpa3 Il BHU3HAUYCHHsS (YHKIIi MepeMilleHHs JOTKa
BiOpaIiifHOTO JBOMAaCOBOTO KUBUIIbHUKA:

x, = Ax, cos(a)t—goL ), (13)
ae
2 2
e e (R (14)
c ' R +Lb v, V5
bL
tg(PLZY-

AHami3yroun OTpUMaHi 3alie)KHOCTI, MOXHa 3pOOWTH BHCHOBOK, IO IMEPEMIIlICHHS
poboyoro oprany x; 30LIBIIYETHCS, PU 3MEHIIIEH] V; a TAKOXK MPU 30UTBIICHHI PEaKTUBHOI
MAacCH T,. | HaBaku 3MEHIIYEThCS IIPU 301IbIICHHI B’ I3KOCTI TPAHCIIOPTYIOUOI'O MaTepiany.

BucnoBku. Po3po6iena maremMaTidHa MOJENbh PyXy BiOpaIliifHOTO >KMUBWJIBHHUKA, KA
JO3BOJIIE ONTUMI3YBaTH MapaMeTpH HAIAroKEHHS TiApOiMIyIbLCHOTO MPHUBOJA 1 HAMITUTU
NUISXH BUPIMICHHS TPOOJIEMH EKCTPEeMallbHO BHUCOKMX JTUHAMIYHMX HAaBaHTKEHb Ha
dbyHAaMeHT NpH po3poOIll HOBHX OPUTIHAJBHUX KOHCTPYKIIM JBOMAacoBHX BiOpamiiHUX
JKUBUJILHUKIB.
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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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