V]IK 621

1 -~ 1 1
O. C. Jlanens', I1. B. Maiictpyk', B. M. Bopogeus', I. A. JlepeBenbko’
Harionansauii yHiBepcuTeT “JIbBiBChKA MOMITEXHIKA”,
* BiHHHIBKHI1 HAIlIOHANIGHYI arpapHUil YHiBEpCHTET

AHAJII3 EHEPTETUYHOI E®@EKTUBHOCTI BIBPAIIIMHUX MAIIIMH
3 IHEPNIMHUM ITPUBOJOM

© Jlaneyw O. C., Maiicmpyx I1. B., Foposeysv B. M., /lepegenvko I. A., 2019
https://doi.org/10.23939/istcipa2019.53.101

Meta nonsirae B aHaji3i €HEPreTUYHOI €(EeKTHBHOCTI OJHO-, ABO- T4 TPUMACOBHX KOJMBAJIBHHX CHCTEM.
AKTyanbpHicTh. BiOpariliHe TeXHOJOTIYHE OOJIaJHAHHSA IIUPOKO BHKOPHCTOBYEThCS Maibke y BCIX Taly3sx
npoMucioBocTi. Haifuacrie BHKOPUCTOBYIOTBCSI IPOCTI OJHO- Ta JBOMACOBI KOJUBAJIbHI CHCTEMH, OCKUIBKH ic-
HYIOTH IeBHi TpyaHoui [Tix yac po3pobaeHHs Ta BUTOTOBJIEHHI TPUMAcOBHX BiOpariiHux mammH. Cepel HUX CKIIal-
HICTh IPOXO/1y Yepe3 PE30HAHCHI IIKU KOJIMBaHb IIPH BXOJl Ta BUXOJI 3 pOOOYHX MIXKPE30OHAHCHUX PEXUMIB POOOTH
BHacHiok edexty 3oMMepdernbaa, CKIaaHICTh PO3paxyHKy 1 MPOEKTYBaHHS PEaKTHBHOI MAacH, sika IMOBHHHA OyTH
noBoni jerkoro. [Ipore, TpumacoBi BiOpamiliHi MamIMHU MPU pOOOTI y MiKPE3OHAHCHIM 30HI BOJIOMIIOTH 3HAYHUM
JUHAMIYHUM MOTEHIIIaJI0M, IO Ha MPSIMY BIUTUBAE Ha eHeproeeKTUBHICTh. [CHYe HEOOXIIHICTh BKOTpPE IPOAEMOHCT-
pyBaTH nepeBard TPUMACOBHX CHCTEM, IIO JACTh MOIITOBX JI0 aKTUBHHX JIOCHIPKEHb Y IIbOMY HampsiMi. MeToanka.
3a MoCTaBIEHUM TEXHIYHHM 3aBJAHHSIM IIPOEKTYIOTh OJHO-, JBO- T4 TPUMACOBY MEXaHiYHI KOJMBAIIbHI CUCTEMH 3
IHEpIIIHHIM ITPUBOJIOM Ha OCHOBI Je0anaHcHUX BiOpo30ynHuKiB. [IpoBOIUTECS PO3paxyHOK HEOOXiqHOI MOTYKHOCTI
npuBOAY Ui KOXHOI 3 HHUX. OTpuMaHI pe3yibTaTH aHaNi3yloThcs. PesyabraTn. BusHaueHo, Mo BHACHiIOK
MIXKPE30HAHCHUX PEXUMIB POOOTH i3 BEUKMM AMHAMIYHHAM IOTEHI[IaJIOM, TPHMACOBI KOJIMBAJIbHI CHCTEMHU 3HAYHO
eHeproeeKTUBHIIII TOPIBHSIHO 3 OJHO- Ta NBOMacoBMMH. e miaTBepKye HEOOXIMHICTh MOAAIBIIUX TOCITIIKCHb
TAaKUX KOJHMBAJbHUX CHUCTEM 3 METOI0 iX IIMPOKOro BOPOBapKeHHs y BupoOHuuTBI. HaykoBa HoOBH3HA.
[TinTBepmKeHO eHepreTHuHy e(EeKTHBHICTh TPUMACOBHX MIKPE3OHAHCHUX KOJNHMBAJIBHUX CHUCTEM 3 I1HEpLIHHUM
TIPUBOOM TOPIBHSHO 3 OHO- Ta ABoMacoBuMu. [IpakTuyna 3HauymicTb. OTpuMaHi pe3ysbTaTH JAIOTh IMOIITOBX
JI0 aKTHBHHX [OCIiPKeHb, PO3paxyHKY, NPOEKTYBaHHS Ta BIPOBAKEHHS TPUMACOBHX BiOpaIliiHMX MalIdH SIK
TEXHOJIOTIYHOT'0 00JIaTHAHHS HA MiJNPUEMCTBAX Pi3HUX Taly3€i MPOMHUCIOBOCTI.

Knwouosi crosa: TpumacoBa KoJaMBajIbHA CUCTEMA, IHEPLIHHO-)KOPCTKICHI apaMeTpH, BiOpaliiiHa ManmHa.

Beryn. Bibpamiiine TexHONOrYHE 00JaIHAHHS IHPOKO BUKOPHCTOBYETHCS MaiKe y BCIX Taly3sxX
npoMHCIIoBOCTi. OHUM 3 HAUMOIMPEHIMNX HOro BUIIB € BiOpalliiiHi MallMHK 3 IHEPIIHHUM MTPHBOJIOM.
3aBAsSKH BIAHOCHIM MPOCTOTI 1 JOCTaTHIM e(pEKTHBHOCTI BOHM YaCTO BHKOPHCTOBYIOTHCS IS
TPAHCIOPTYBAaHHSI CHIIKHX MaTepialliB, YIIUTbHEHHS OETOHHMX CyMillled, SK albTepHATUBHI METOAH
00pOoOKH MaTepianiiB, M0 OTPEeOYIOTh IMEBHHX XapaKTEPUCTHK IO MilHOCTI. BiOparliiini mammHu 3
IHEpIIHHUM TPUBOIOM PEATi3YIOThCS Ha OCHOBI OJIHOMAacOBHX, TBOMAaCOBHX Ta TPUMACOBHUX MEXaHIUYHHUX
konmuBanbHUX cucteM (MKC). Haftuactine BUKOpHCTOBYIOTBCS Tiepiii ABi [1-3], OCKIIBKH iCHYIOTH TIEBHI
TPYAHOIII MiJ Yac pPO3pPOOJICHHS Ta BUIOTOBJCHHS TPHMACOBUX BiOpalifinux wammnH. Cepen HUX
CKJIAJIHICTh TIPOXOJIy Uepe3 pPEe30HaHCHI KM KOJMBaHb IPU BXOJI Ta BUXOJI 3 pOOOUYHX PEKUMIB poOOTH,
CKJIAJIHICTh PO3PaxXyHKY 1 MPOSKTYBaHHsI peaKTUBHOI MacH, sIka MOBHHHA OYTH JIOBOJII JIETKOFO.

IMMocTranoBka mnpo6jemu. Bigomo [1], mo BHKOpWCTaHHs BIOpamiHHUX MalMH 3 THEPHIKHUM
MIPUBOJIOM, pealli3oBaHUX Ha OCHOBI TpuMacMoBoi MKC, mae i cBoi mepeparu. Llel Tun oOnagHaHHS MPH
pOOOTI Y MDDKPE30OHAHCHIHM 30H1 BOJIOJIE 3HAYHUM JUHAMIYHUM MOTEHIIIAIOM, 110 0E3IM0CePEIHLO BILIMBAE
Ha eHeproe()eKTUBHICTh KOJMBAJIbHOI CHCTEMHU. ICHYE HEOOXITHICTh BKOTPE MPOJEMOHCTPYBATH ITEPEBATrH
TaKWX CHCTEM, IIO JACTh TOMITOBX JI0 aKTUBHHX JIOCTI/PKEHb Y IIbOMY HAIPSIMI.

AHaJi3 JiTepaTypHHUX JKepesi 3a TeMoro cTaTTi. ChOToIHI MPOMUCIIOBICTh IHUPOKO BUKOPUCTOBYE
BEIMKOra0apuTHE BiOpalliiHe TEXHOJNIOriuHe oOjaaHaHHs. HalmommpeHimui T Takoro oOJagHaHHS
peami3yeThcsl Ha OCHOBI 1HEpIIHHOTO Ta eKCIIEHTPUKOBOTO MpHBOAIB (puc. 1, 2) [2, 3]. OcoONUBICTIO TaKUX
YCTAaHOBOK € Te€, L0 BOHU IPAlIOIOTh y OLIAPE30HAHCHUX PEKMMAaX, 3aBISIKM YOMY IXHS KOJMBAJIbHA
CHCTEeMa PO3BHMBA€ BHCOKI MTUHAMIYHI 3YCHJUIS 32 BIIHOCHO HEBEITMKUX TabapuTiB MpHBOLY. Mu MOXKeMO
MOMITHTH, IO JUIi TPaHCIOPTYBaHHS BUPOOIB Ha 3HAYHI JAWCTAHII BHUKOPHCTOBYIOTH JBOMACOBI
PE30HAHCHI KOJMBAIIbHI CUCTEMH, peali3oBaHi Ha BUTHX MPY)KHUX EIeMEHTaX.
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Puc. 1. Excyenmpuxosuii ¢ibpayitinuti dcueunvHux Qipmu Eriez

Fig. 1. Eccentric vibration feeder of Eriez company

Puc. 2. 3pasku obnaonanns gipmu Vibra

Maschinenfabrik Schultheis GmbH & Co

(Himeuuuna) 3 oebarancnum (a, 6) ma
EKCYEHMPUKOBUMU NPUBOIaMU (8)

Fig. 2. Equipment samples
of Vibra Maschinenfabrik
Schultheis GmbH & Co (Germany)
with unbalance (a, b) and eccentric actuators (c)

Tok, nmificHO, Ha TPaKTUIlI HE 3yCTPIUA€eThCs MPOMHUCIOBMX BapiaHTIB peanizaiii BiOpamiiHUX
MalllMH 3 IHEPUIHHUM IPHBOIOM, pealli3oBaHUX Ha OCHOBI TpuMacoBoi MKC, mo BOJOiOTH 3HAYHUM
UHAMIYHUM ITOTEHIIAJIOM.

Mera i 3aga4i gocaimkennb. 3po0iieHO CIIpo0y HAOYHO MPOJAEMOHCTPYBATH IIepeBark BiOpamiiHUX
MalllMH 3 IHEPLIMHMM TPUBOJIOM, pPEali30BaHMX Ha OCHOBI TpuMacMoBoi MKC 3 mepcrnekTuBoro ix
peaiizarii.

Texniune 3apnanns. HeoOXxinHo peanizyBaT BiOpamiiHUN TpaHCIIOPTEP 3 IHEPLIHHUM PUBOIOM.
PoOounii opraH (JIOTOK) TpaHCIOPTYBaTMME CHIIKI  MaTepiajd 3  aMIUITYyA0K  KOJHBaHb
X =0,00085 »=0,85 um. KomoBa uactora KOJMBaHb jacOajlaHCa IPU IbOMY IIOBHHHAa CTaHOBHTH

=24Ty=150,8 pao/c. Maca pobo4Oro oprany i3 IpPHBEICHOK YaCTKOK CEPEAOBHUINA 3aBaHTAKCHHS

m,, +k,m, =29,4ke, ne m,— mMaca pobO4Oro opramy, m,, — Maca CEPeOBHILNA 3aBaHTAKCHHS,

3a6

k,,m.,, — IPUBEIEHA YaCTKa CEPEIOBUILA 3aBAHTAKEHHSL.

OnxnomacoBa Biopaniiina Mamunaa. HaiirpocTima KOHCTPYKIliS KOJMBAJIbHUX CHUCTEM Ha OCHOBI
nebanaHCHHUX BiOp030ymKyBadiB. Sk 3po3ymisnio i3 Ha3BH, Taki MKC MaloTh JMIIe OHY KOJUBAJIbHY Macy,
Ha sKif 1 3akpimieHO mpuBoxa. llel TN oOjaAHAHHS Ma€ JIMIIE OMHY CHUCTEMY MPYXXKHUX BY3JIiB, 3a
JIOTTIOMOIOF0 SIKOT KpIMUThCs 10 pyHIaMeHTy abo minsicy. [IpeacrasieHa omHoMacoBa BiOpalliliHa MallivHa
CKJIaJaeThCsi 3 poboyoro oprany (oTka) 1, OBOX MOTOp-BiOpaTopiB 2 Ta BIOpPOI3OJIATOPIB 3, IO
3MEHIIIYIOTh HaBaHTaXCHHs Ha (QyHaameHT. JIBa MoTOp-BiOpaTOpu 2, MO PO3TAIIOBaHI MO 00MaABa OOKH
poboyoro oprany i 00epTarOThCsl OAMH HA3yCTPiu OJHOMY, CTBOPIOIOTH CyMapHy 30ypIOBaJIbHY CHITY
CTpOro B OJHOMY HampsMKy. BoHa mepemaeTbcs Ha poOouMii opraH 1 1 CHOPUYMHSE MEPEMIIICHHS
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cepeloBHIIa 3aBaHTaxeHHs. PoOounii opraH i3 MOTOp-BiOpaTopamMu Ta YaCTUHOIO 3aBaHTa)KEHHS YTBOPIO-
I0Th €MHY Macy. Taka BiOpalliiiHa MalllMHA MPAIIOE y 3apE30HAHCHUX PEeKUMAaX, OTXKeE, ITijl Yac 3aIycKy Ta
3YIIMHKH BOHA TPOXOAWTH Yepe3 Pe30HaHC, CIPUYMHEHUH oOepTaHHIM Je0allaHCIB i3 4acTOTO, IO €
01M3bKa 10 BIACHOI YaCTOTH CUCTEMH.

IHepIiifHO-)KOPCTKICHI XapaKTEPHUCTHKH KOJMBAJIbHOI CHCTEMU BU3HAYAIOTH 33 3QJICKHOCTIMH

m=m,, + knpmm +2m , (1)
_ _ 2
c=c,=m(w/z)", 2)
€ z — PE3OHAHCHE HAJAro[KCHHs. Y HaIOMy BHUIAAKY, KOJIM BiOpaiiifHa MalllMHA MpAIloE Y

JaJIeK03ape30HaHCHIH 30H1, z=5.
Bigomo [1], 1o noTyxHicTh, HEOOXiaHY IS 3a0e3medeHHs pooounx pexumiB ogqaomacoBoi MKC,
BCTAHOBIIIOIOTh 32 3aJISKHICTIO
Jemao® X*
N=X2TEP A
40

ne A=|mo’ /(c—mw*)|= z* /(1-z%)| — koedilieHT AMHAMIYHOrO MicUIeHHs 6e3 ypaxyBaHHs KoedillicHTa

3)

B’SI3KOT'O OTIOPY AL .

CHiBBiZIHOIIIEHHS MacH MOTOpa-BiOpaTopa J0 HOro MOTYKHOCTI CTAHOBHTh
k=m_ /N ~=0,07 ko/Bm . “4)

810

BuxopucroByrouu 3anexsocri (1), (3) Ta (4), ckiagaeMo cuCTeMY
N= \/g(mpo +2m,, +k,, m, )’ X
N=2m_/k,

810

3a SIKOI0 aHATITHYHUM METOJOM BHU3HAYa€EMO Macy OJHOr0 MOTOpa-BidOpaTopa
3 2
N6’ X’ k(m,, +k,,-m,,)

m
8n—26 0’ X* k)

(6)

Ta HOTo MOTYKHICTh
N 6o’ X’(m,+k,-m,,)
2 gn-2/6 0’ Xk
BinnosigHo, HEOOXiHA CyMapHa MOTYXHICTh PUBOJY CTAHOBUTHME
N=2N,. (8)
BukopucToBytoun HaBe/IeH] BHIE TApaMETPH, 3a 3ISKHICTIO (6) 3HAXOJAMMO Macy OJHOTO MOTOpa-
BiOpaTopa

(7

J6150,8°0,000850,07-29,4
= S =2,25ke
8-0,8— 246 150,8°0,00085 - 0,07)
Ta HOro MOTY>KHICTh, BAKOPUCTOBYIOUH 3aISKHOCTI (4) Ta (8)
N, =m;/k=2,25/0,07=32,15Bm.

Cymapra moTyxHicThb N =2-32,15=64,3 Bm. CymapHa wMaca YCTaHOBKH CTaHOBHUTb

6i0

m=29,4+2-2,25=339 k2. Jnsa 3abe3rieucHHS BIACHOI YaCTOTH KOJHMBaHb cuctemMu 150,8 pad/c
HEOOXI/IHO CIIPOCKTYBATH MPY>KHHUH BY30II 13 )KOPCTKICTIO
c=c, =33,9 (150,8/5)* =3,08-10"H/ m.
KoedirieHT tuHaAMIYHOTO MiJCHICHHS
A =[33,9-150,8/(3,08-10* —33,9-150,8%) |=1,04
mokasye, 1o ogaomMacoBi MKC He BOJIO/IIFOTh BUCOKHUM JTUHAMIYHUM ITOTCHIIIAIOM.

JlBomacoBa Biopamiiina mamuna. OcHOBOIO Takoi BiOpamiiHol MarmHu € aBomacoBa MKC, 1o
CKJIAZIA€ThCSI 3 AKTUBHOI Ta peakTHBHOI mac. [IpWBOjA 3aKpiluIOIOTh TIEPEBAKHO 10 PEAKTHBHOI MAacCH.
JlBoMacoBa BiOpaliiifiHa MaIlliHa, 10 aHATI3YEThCS, CKIaAa€ThCs 3 aKTUBHOT Macu 1 Ta peakTHBHOI MacH 2,
110 3’€IHaHI MIXK COOOI0 CHCTEMOIO MPYKHUX BY3IIB 3 13 CyMapHOIO JKOPCTKICTIO ¢, . BiOpaniiina Maimmnaa
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KpIUTHCS 10 (GyHAAMEHTY 3a JIOIOMOTrol0 BiOpoi3onaTopiB 4 »KOpCTKicTio ¢, . IIpuBon mpencraBieHui
JIBOMa MOTOpaMH-BiOpaTOpaMu 5, IO )KOPCTKO 3aKpillIeHi Ha peakTUBHIN Maci 2.
AKTHBHA Maca CKJIaJJa€ThCs 3 MaCH PoOOUOro OpraHy Ta MPHUBEICHOI YACTKU MacH 3aBaHTaKECHHS
m=m, +k m,,. 9)

po np 3a6

Puc. 3. Oonomacosa eibpayiina mawuna Puc. 4. J[Jsomacosa sibpayitina mawuna

Fig. 3. The single-mass vibration machine Fig. 4. The two-mass vibration machine

Maca m, ckiIalaeThes 3 peaKTUBHOI MacH Ta MacH JABOX MOTOPiB-BiOpaTopiB

my,=m,+2m,; . (10)
3BefeHa Maca Takoi KOJTUBaJbHOI cucTeMH [6, 7]
m,, =m m,/(m +m,). (11)
AMITTITY/ly KONMBaHb PEAKTHBHOI MACH 3HAXOJATH 3a 3aJeXKHICTIO [1]
X, =X,(m,— 2" (m, +m,))/m,. (12)

CyMapHY >KOPCTKICTh CHCTEMH TPYXHHX BY3JTiB 3 BU3HAYAIOTh 3 PIBHSHHAM [4, 5]

— (ej :{MJ(QJ . 13
z m+m, )\ z

CyMapHa MOTYyXHICTh PUBO/Y, 110 TPUBOITUTHME B PYX JBOMAaCOBY KOJIMBAIBHY CUCTEMY, IIOBUHHA

CTaHOBUTH [1]
N:a)S\/g(lef +m2X22J’
4n A Ay

2
m2(cl2 —m o )

(14)

™G, | Ta /‘tz—| | — Koedimi i i
5 = 5 IIEHTU JUHAMIYHUX I1JCUJICHb
(m1+m2) (cl2_m36a) )| |(ml+m2)(cl2_m36a) )|

ne A =|-

BIJINIOBITHO aKTUBHOI Ta PEaKTHBHOI Mac.
OCKUIBbKM B Iiif ABOMACOBIiH BIOpaIlifiHiii MaIlKHI, K 1 B OJHOMACOBIi, SIK MPUBIJ BUKOPUCTOBYIOThH
JIBa MOTOpH-BiOpaTopH, 3a 3asiexkHocTsIMU (4) Ta (14) MOXKHA CKIIACTH TaKy CHCTEMY PiBHSHB
3 2 2
No© J6 m X, N (m,+2m,;) X,
an A A ;
N=2m_/k.

810

(15)

3a SKOI0 3HAXOAMMO Macy OJHOIO MOTOpa-BiOparopa, IO KPIMHTHCS JO PEAKTUBHOI MacH IBOMACOBOI
BiOpaIiitHOT MalHu
3 2 2 2
. V6w X2 k2’ (my+m))(1-2")-2nm, +
3 2 2 2 2 2 2
+2\/\/ga) X kzm(m +mm,)(1-z")+n"m,

260’ XP K2 (2 - 1) +8nk

m

(16)

6i0
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ITpumyckaoum, 10 pe30HaHCHE HAJaro[KEHHs CHCTEMH Yy I[bOMY BHIAAKY CTaHOBHUTHME z=0.95,
3a 3anexHicTIO (16) BU3HauaeMoO Macy MOTopa-BiOpaTopa

J6-150,8° -0,00085> -0,07-0.95%(29.4+6,9)(1-0,95*) - 2-0,8-6,9 +

0.07 " J6-150,8'0,00085> -0,07 - 0,95>
x0,8(29,4 +29,4-6,9)(1-0,95*)+ 0,8 6,9
M; = 3 3 3 5 5 =0,97xe .
2\/6-150,8 -0,00085°-0,07°-0,95" (0,95 —1)+8-0,8-0,07
HeoOxinHa MOTYXHICTh IPUBOAA CTaHOBUTH N =2-0,97/0,07 =27,6Bm , 1110 NpuOIU3HO B 2,3 pa3y
MeHIIe, HiK y Bunaaky onaomacooi MKC.

TpumacoBa BiOpauiiina mamuna. Taka BiOpaliiiHa MammMHa CKIaJA€EThCS 3 TPHOX HE3AIESKHUX
KOJTMBAJIBHUX Mac: aKTUBHOI, POMDKHOT Ta peakTHBHOI. KonuBaJibHi MacH MomapHo 3’€THaHl MiXK co00t0
npyxHumu By3namu. [lompu BigHOCHY ckianmHicTh, TpuMmacoBi MKC MOXYyTh BOJIOINITH 3HAYHHM
JMHAMIYHAM TIOTEHI[IaJIOM IOPIBHSAHO 3 OJHO- Ta JBOMAaCOBMMH CHCTeMaMu. HasBHICTh TUHAMIYHOTO
MOTEHIIIaTy MePEeBAKHO ITOB’A3aHA 3 POOOTOI0 TAaKMX CUCTEM Y MIKpE30HAHCHIH 30HI KONMBaHb. Bxin 1o
MDKpPE30HAHCHOI 30HM YCKJIaJHEHWH HAsBHICTIO JAPYroro pe3oHaHCHOro mika cucremu. [lim gac ioro
MPOXO/PKEHHSI BUHHUKAIOTH CKJIAJHOCTI, BHACHIIOK edekry 3ommepdenbiaa, SKHH TMPOSBISETHCS Y
“3aBHcaHHI” 00epTiB AebaaHCca B OKOJIi pE30HAHCHOTO ITiKa.

3a/1aBIIKCh TAPAMETPOM JI0IATKOBOT'O TMHAMIYHOIO MiZICHIIEHHS KOJIMBaHb K, , IO € CMiBBIAHOIIEHHAM
KOe(II[iEHTIB TUHAMIYHOCTI TPHUMACOBMX MDKPE30HAHCHHX CHCTEM BIHOCHO JBOMACOBHX, MO)KHA 3HANTH
napaMeTpu Takoi TPMMAcoOBOi cUcTeMH, sika Oyna O y &, pasi edexruBHila. TeopeTHYHO 111 BENUUMHA MOXKeE

HaOyBaTH JIOBOJi BEIWKUX 3HAYEHb (HAIIPUKIIAL, IEA =1000 ), BUKOPHUCTOBYIOUH SIKi MU 3MOXKEMO BHU3HAYUTH
HIII Tapamerpu cuctemu. [IpoTe, BHACHIIOK AUCHMAIl eHeprii, TOXHOOK y po3MipaXx Ta Macax BY3IIB,
TOYHOCTI 1X B3a€EMHOT'0 PO3MIILICHHS JTOBUIbHI 3HAYCHHS JIOAATKOBOI'O AUMHAMIYHOIO IMiJICHIICHHS KOJIMBAaHb IEA
HEMOYKJIMBO Peali3yBaTH Ha MpakKTHIIL. ICHye IeBHA MeXa MAKCUMAJILHO JIOIYCTHMOI'O 3HAYCHHS T0JIATKOBOT'O
JUHAMIYHOIO MiJICWJIEHHS KOJIMBAHb IEA . 'Y BUINAJIKy, KOJIM 4aCTOTa BUMYIICHUX KOJIMBaHb CUCTEMHU 301raeThCs

13 IPYTUM pE30HaHCHUM ITiIKOM, MAaKCHMAJILHO JIOIYCTHME 3HAYCHHS IEA CTaHOBHTH [1]
- m (1-2z*(1-2%))
[k <= . (17)
z (m +my)(1-z")

3HarouM 1ei mapaMerp, MOXKeMO BCTAHOBUTH YaCTKY KOPCTKOCTI, IO JIOPiBHIOBATHME

— ml kl
my(1—z")+m(1+k,)
PeakTrBHY Macy 3a YMOBOIO CHH(A3HOCTI PyXy BH3HAYAIOTh 32 3aJISKHICTIO
1- 1-2°
= (=) +m)(1-2") a9)
G [m,(1-z")+m]

S (18)

[lo Ginble KOJATKOBE AMHAMIUHE MiJACUIECHHSA k, MM 3aKIaJa€MO B CHCTEMI, TO MEHILIE 3HAYEHHs

pEaKTUBHOI MacH.

Matoun 3Ha4YeHHS iHEpIIHHUX MapaMeTpiB BCIX TPhOX MAac CHUCTEMH, MOXXEMO BCTaHOBHTH BiTHO-
HICHHS| aMIUTITYJ] KomuBaHb Mac. OCKUTbKM 3HAa4YeHHS aMIUTITYJH KOJNMBaHb aKTHBHOI MacH i3 poOovnM
OpPTaHOM Ta CEPEJOBHIIEM 3aBaHTAKCHHS 3aJa€ThCS MPU IPOCKTYBAaHHI BIANOBITHO 1O TEXHIYHOIO
3aBJIaHHS, AMIUTITYIM KOJIMBaHb IPOMIKHOI Ta pEaKTUBHOI Mac MOKHA BU3HAYUTH 32 BiIHOLICHHSMH |1 ]

X, =X, g {z°(m,+m, +my)— (m, + my)} +m, — 2 (m, + m,) ’ (20)
m, —g(m, +my)
m3g2[22(m1 +my +my) —nm, —my ]+
+g mz[zz(m] +m2)+m3]_22m2(n/l] +m2)_
X, =X, -G m, Z4(m1 +m, +m3)+m224(m] +m,) (21)

S m}[mz -G (mz +m3)]
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XKoperkicts 11 HOrO BYy3JIa, 0 3’€QHYE AKTUBHY Ta IPOMDKHY MAacH, BPaxXOBYIOUM YacTK
s y > y

KOPCTKOCTi, CTAaHOBUTHME |1 |
2
+ -1
cl2 = n/l1 (Qj ( m3g m2 (g ) J . (22)
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XKopeTkicTh TPYKHOTO By3a, 0 3 €IHYE MPOMDKHY Ta PEaKTHBHY MacH, MOXXHA BCTaHOBHTH 32
3anexHicTio [1]
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CrioxXuBaHy MOTYXKHICTh TaKOT TPHMAaCcOBOI BiOpaIliifHOT MAIlIMHN BCTAHOBIIOIOTH 32 BUPA30M

N:(af«/gj(ml)(f +m2X22 +m3X32J‘ 27
4n A Ay 8

[IpencraBnena TpuMmacoBa BiOpailiiiHa MallMHa CKJIaJa€ThbCs 3 aKTUBHOI 1, mpoMmiKHOI 2 Ta
peakTHBHOI 3 Mac, MOMapHO 3’€JHAHHX MDK COOOI0 cHUCTeMaMH TpPYXHHX BYy3lniB 4 Ta 5 (puc. 5).
BiOpaniitny mammuny 3’eHany 3 GyHIaMeHTOM 4yepe3 Biopoizonsitopu 6. CuiioBe 30ypeHHs BHACTIIOK CHIT
iHepIii [BOX nedanaHCiB 7 3MIMCHIOETHCS Ha peakTHBHY Macy 3. KpyTHuUIi MOMEHT Ha Bajiu jaeOallaHCIB
MepeaaeThess Bil KPOKOBHMX JBUIYHIB 8 3a JOMOMOror macoBoi meperadi 9. 3aBOskd CHHXPOHI3ALl
KpPOKOBHX JIBUTYHIB JeOamaHCH MOXXKHAa PO3BOIUTH Ta 3BOAWTH, OE3MEPEIIKOAHO MPOXOISYH APYTHH
pe3onancHuit mik TpuMacoBoi MKC. Kpokosi aBuryHu 8 po3mimieHi okpemo BiJl BiOpaiiiinoi Mammnu. 13
3aCTOCYBaHHSIM TaKOi KOHCTPYKIil OTPUMYIOTh JIETKY pEakTHBHY Macy, a OTXKe, 1 3Ha4yHl JUHAMIYHi
IMICUIIEHHS KOJIMBAHb.

Omxe, ans 1iei TpuMacoBOi BiOpamiliHOi MamIMHH, B SIKOi 32 YMOBOWO, m, =29,4 ke, m, =6,9 ke,
JIONYCTUME JI0JaTKOBE IMHAMIYHE iACHIICHHS KOJIMBaHb 3a 3aJIeKHICTIO (17) cTaHOBUTHME
[m < 29,4(1-0,95°(1-0,95%)) _
0,95°(29,4+6,9)(1-0,95%)

B

[Ipuiimaemo la =6.

Puc. 5. Tpumacosa sibpayitina mawuna

Fig. 5. The three-mass vibration machine



Asmomamu3saujisi 8UpobHUYUX rpoyecie y MawuHobydysaHHi ma ripunadobydyeaHHi. Bun. 53. 2019 107

BinnoBigHo, 4acTka >KOPCTKOCTi, BUKOPHCTOBYIOUM Bupas (18), cranHoBUTHME
29,4-6 B
6,9(1-0,95)+29,4(1+6)
3HaueHHs TpeThol (PeakTHBHOT) MacH, 3riHO 3 Bupa3oM (19), nopiBHIOBaTUME
- 6,9(1-0,854)(29,4+6,9)(1-0,95%)
’ 0.854[6,9(1—0,95%)+29,4]
PeaktrBHa Maca y TpumMacoBiii MixkpesonancHii MKC nyxe nerka. BctaHOBHTH MPHBOJ Y BHIIISAII
JIBOX MOTOpP-BIOpaTOpiB HA Hill MPAKTUYHO HEMOKITHBO.
XKopcerkicTh npyXHOTO By3ia 4, BAKOPHCTOBYIOUH (22), CTAHOBHTH

2
¢ =29,4| 28 0.138:0,854+6,9(0,854 1) =1,271-10° 4/
s s - ,410, +0, Yy
0,95 ) { (0.854-1)(29,4+6,9)+0,138-0,854 M

XKopeTkicTh MPpYKHOTO By3Ja 5, BAKOPHCTOBYIOUH (23), TOPIBHIOE

2
1
c23:0,138( 05(;58j 0,854=2,98-10' 1/

B

¢= 0,854.

=0,138 xe.

Koeditientn auHamivHOCTI Mac 3rigHO 3 (24)—~(26) cTaHOBIIATH
2, = 1,271-10°x2,98-10° x 29,4
| ~2,23410°
2,98-10°(1,271-10° —29,4-150,8%) - 6,9
| -2,234-10° |
0,138(1,271-10° x150,8%(29,4 +6,9) — 2,98-10° x
x(1,271-10° —29,4-150,8*) —150,8" - 29,4-6,9)
-2,234-10°

=49,841;

A=

=49,841;

A, = =1.

MoXHa TIOMITHTH, IO MPHUPICT AKTUBHOI 1 MPOMIDKHOI Mac onHakoBui. [liCHIIEHHS K KOJNHBaHb Y
peaKkTUBHIl Maci BiICYTHE.
CrioxxrBaHa TOTYKHICTh TaKoi BIOpOMaIIWHU, BUKOPUCTOBYIOUH (27), TOPIBHIOE
N 150,83\/8(29,40,000852 . 6,9-(=3,62-107) . 0,138-(=3,62-107)
4.0,8 49,841 49,841 1
o npubIM3HO B 2,5 pa3y MeHIe, HK y JBoMacoBiii MamuHi. [Ipore, K0 BUOKPEMHTH B TPUMACOBIiH

KONMBANBHINA cHCTeMi ([UIi YHCTOTH MOPIBHSHHS) YMOBHY JBOMAacoBy (0e3 peakTUBHOI MacH), TO
CIIOJKMBaHA MOTY)KHICTh CTAHOBHTUME

N 150,8°\6 ( 29,4-0,00085> . 6,9-(-3,62-107)
4-0,8 49,841 49,841
0 ye B 4.7 pa3y MeHIIIe, HDK Y JBOMACOBIi MalluHi.

J:10,7Bm,

J=5,9Bm,

BucnoBku. Po3paxoBaHo oqHO-, JBO- Ta TPUMACOBY BiOpalliiiHi MalllMHN 3 THEPIIHHUM PHBOAOM
Ha OCHOBI Je0aaHCHMX BiOp0o30ynHMKIB. BCTaHOBIEHO, 110 TPUMAcCOBi BIOpallifiHi MAIllMHH € 3HAYHO
eHeproe()eKTHBHINII 3a OJHO- Ta JBOMAacOBi, a TOMY JMJOCIHIDKEHHS, PO3PaXyHOK, NMPOCKTYBaHHS Ta
BIPOBA/KCHHS TaKUX BIOpAIlifHMX MAIIMH SK TEXHOJIOTIYHOr'O OOJaJHAHHS Ha MIANPHEMCTBAX PI3HUX
raimy3eil MPOMHCIIOBOCTI € HAJA3BUYAIHO TIEPCIIEKTUBHIM 3aBAaHHsIM. [IpoTe HE0OXiIHO BpaXxoByBaTH, IO
JUIE OTPUMAaHHS JIOJaTKOBOI'O JMHAMIYHOTO MOTEHIialy HEOOXIAHO, MO-TIepile, BBIHTH Y MDKPE30OHAHCHY
30HY KOJINBaHb, a MO-IPyre, BUKOHATH PEAKTUBHY MacCy SIKOMOTa JIETIIOLO.
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ANALYSIS OF ENERGY EFFICIENCY OF VIRTUAL VIBRATING MACHINES
© Lanets O. S., Maistruk P. V., Borovets V. M., Derevenko I. A., 2019

Goal. It lies in the analysis of energy efficiency of one-, two- and three-mass oscillating systems. Significance.
Vibration processing equipment is widely used in almost all industries. Simple single- and dual-mass oscillation
systems are most commonly used, as there are some difficulties in the design and manufacture of three-mass vibrating
machines. These include the difficulty of passing through resonant oscillation peaks at the input and output of
working inter-resonance modes due to the Sommerfeld effect, the complexity of calculating and designing a jet mass,
which should be fairly light. However, three-mass vibration machines have a considerable dynamic potential when
operating in the inter-resonance zone, which directly affects energy efficiency. There is a need again to demonstrate
the benefits of three-mass systems, which will give impetus to active research in this area. Method. Based on the
technical specification, one-, two- and three-mass inertial mechanical oscillation systems based on unbalance
vibration exciter are designed. The required drive power for each of them is calculated. The obtained results are
analyzed. Results. It is determined that, due to the inter-resonance modes of operation with high dynamic potential,
three-mass oscillating systems are much more energy efficient than one- and two-mass ones. This confirms the need
for further studies of such oscillatory systems with a view to their widespread introduction into production. Scientific
novelty. The energy efficiency of three-mass inter-resonance oscillation systems with inertial drive compared to one-
and two-mass ones has been confirmed. Practical importance. The results give impetus to the active research,
calculation, design and implementation of three-mass vibration machines as technological equipment at the
enterprises of different industries.

Key words: three-mass vibrational system, inertia-rigid parameters, vibration machine.
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