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Meta nonsirae B aHaji3i €HEpPreTUYHOi €(EeKTHBHOCTI OJHO-, ABO- T4 TPUMACOBHX KOJMBAJIBHHX CHCTEM.
AkTyaabHicTh. BiOpariiiHe TexHonoriyHe oONagHaHHS MIMPOKO BUKOPUCTOBYETHCS Maibke y BCIX Talys3six
npoMucioBocti. Haifvyacrimie BHKOPHCTOBYIOTHCS TPOCTI OIHO- Ta JBOMAcOBi KOJHMBajJbHI CHUCTEMH, OCKIIBKH
ICHYIOTH TI€BHI TPYIHOILI IPH po3po01li Ta BUTOTOBJIEHHI TPUMAcOBUX BiOpaniiiHux mammH. Cepen HUX CKIIaIHICTh
MIPOXOAY Yepe3 PE30HAHCHI IIKKM KOJIMBaHb MPH BXOlI Ta BUXOMI 3 POOOYHMX MIKPE3OHAHCHHX DPEXHUMIB POOOTH
BHacHiIok edekty 3oMMepdernbaa, CKIaaHICTh PO3paxyHKy 1 MPOEKTYBaHHS PEaKTHBHOI MAacH, sIka IMOBHHHA OyTH
noBoni Jjerkoro. [Ipore, TpumacoBi BiOpamiliHi MamIMHU MPU POOOTI y MiKPE3OHAHCHIM 30HI BOJIOMIIOTH 3HAYHHM
JUHAMIYHUM TMOTEHIIiaJI0M, IO Ha MPSIMY BIUTUBA€E Ha eHeproeeKTUBHICTh. [CHye HEOOXIIHICTh BKOTpPE IPOAEMOHCT-
pyBaTH IiepeBard TPUMACOBHX CHCTEM, IO [acTh IOIITOBX 1O AaKTHBHHUX JOCTIDKEHb B I[bOMY HaIpsMKY.
MeToauka. Buxoasuu 3 mOCTaBIEHOTO TEXHIYHOTO 3aBJaHHS, IPOEKTYIOTHCS OJHO-, IBO- Ta TPUMACOBA MEXaHI4Hi
KOJIMBAJIbHI CUCTEMH 3 IHEPIIIHHUM MTPUBOIOM Ha OCHOBI JeOaTaHCHUX BiOp030ymHUKIB. [IpOBOAMTHCS pO3paxyHOK
HEeOoOXi1THOT TOTY>KHOCTI MPUBOAY JUIsA KOXKHOT 3 HUX. OTprMaHi pe3ynbTaTi aHanizyorhses. PeyabraTu. BusnaveHo,
110, BHACNIJIOK MDKPE30HAHCHHX PEXKHUMIB POOOTH i3 BEIWUKUM JWHAMIYHUM TOTEHINIaJIOM, TPUMAaCOBI KOJIWBAIbHI
CHCTEMU 3HAYHO €Heproe(eKTHBHINI y TOpPIBHSHHI 3 OJHO- Ta ABOMacoBUMH. lle miaTBepIKye HEOOXiqHICTH
MOAAJBIINX JOCTIDKEHb TaKMX KOJHMBAJHHUX CHUCTEM 3 METOI iX HIMPOKOr'O BIPOBAHKEHHS Y BHPOOHHIITBI.
HayxoBa HoBu3Ha. [linTBepmKeHO eHepreTHYHYy e()EeKTHBHICTh TPUMACOBUX MIXKPE30HAHCHHUX KOJIUBAIBHUX CUCTEM
3 IHEpIIHHUM TPHBOJIOM Y MOPIBHSIHHI 3 OJHO- Ta ABOMacoBuMHU. IIpakTHuHa 3HAaYymicTh. OTpUMaHi pe3yabTaTH
JIAIOTh TOIITOBX JI0 aKTUBHHX JIOCHI/PKEHb, PO3PAaXyHKY, IPOEKTYBaHHS Ta BIIPOBA/DKEHHSI TPUMACOBUX BiOpariitHux
MAIlIWH K TEXHOJOTIYHOro 00JIaTHaHHSI Ha IiIPHUEMCTBAX PI3HUX TaTy3ei MPOMHCIOBOCTI.

Knrwouosi crosa: TpumacoBa KoJaMBajJbHA CUCTEMA, IHEPLIHHO-)KOPCTKICHI apaMeTpH, BiOpaliiiHa ManmHa.

Beryn. Bibpamiiine TexHONOrYHE 00JaIHAHHS IIHPOKO BUKOPHCTOBYETHCS MaiKe y BCIX Taly3sx
npoMHCIOBOCTI. OIHUM 3 HAUMOIMPEHIMNX HOro BUIIB € BiOpalliiiHi MallMHK 3 IHEPIIHHUM MTPHBOJIOM.
3aBAsSKH BIAHOCHIM MPOCTOTI 1 JOCTaTHIM e(pEKTHBHOCTI BOHM YAaCTO BHKOPHCTOBYIOTHCS IS
TPAHCIOPTYBAaHHSI CHUIIKMX MaTepiajiB, YIIUIbHEHHS OCTOHHHX CyMilllel, B SKOCTiI aJbTepPHATHBHHX
METOJIIB 00pOOKM MaTepiajiB, 110 OTPEOYIOTh MEBHUX XapaKTEPUCTHK MO MIIHOCTI. BiOparitifini marmuu 3
IHEpIIHHUM TPUBOIOM PEA30BYIOThCS Ha OCHOBI OJHOMACOBUX, JBOMACOBHX Ta TPHUMAaCOBHX
MexaHiuHuX KonmBanbHHX cucteM (MKC). Haitvacrime BUKOpUCTOBYIOThCS mepini nBi [1-3], ocKinbku
ICHYIOTh TEBHI TPYIHOIII MPH po3poOIli Ta BUTOTOBJIEHHI TprMacoBUX BiOpamiiHux MammH. Cepen HUX
CKJIAJIHICTh TIPOXOJIy Uepe3 pPE30HaHCHI KM KOJMBaHb IPU BXOJI Ta BUXOJI 3 pOOOUYHX PEKUMIB poOOTH,
CKJIQJIHICTh PO3PaxyYHKY 1 MPOEKTYBaHHS PEAKTUBHOI MacH, sIKa TIOBUHHA OyTH JOBOJII JIETKOO.

MocranoBka mnpo6semu. Bigomo [1], mo BHKOpUCTaHHS BIOpamiiHUX MalMH 3 THEPHIKHUM
MPUBOJIOM, peaji3oBaHux Ha ocHOBI TpuMacMoBoi MKC mae 1 cBoi niepeBaru. Jlanuii Tin o0siaJHaHHS TIPH
poOOTI Yy MIXKpPE30OHAHCHIM 30HI BOJIOJIE 3HAYHMM JMHAMIYHHMM ITOTCHIIIAJIOM, [0 HA MPsAMY BIUIMBA€E Ha
eHeproe() eKTUBHICTh KOJMBaJbHOI cHcTeMHU. ICHye HEOOXiNHICTh BKOTpE MPOACMOHCTPYBATH IEPEBArH
TaKUX CHCTEM, IO JACTh TOIITOBX JI0 AKTUBHHX JIOCTI/PKEHb B IIbOMY HAIPSMKY.

AHaJi3 JiTepaTypHHX Kepea 3a TeMOKW cTarTti. Ha choromHi mpoMHUCIOBICTh IIMPOKO BHUKO-
PHUCTOBYE BeNHMKOrabapuTHe BiOpallifiHe TexHoJoriuHe oOnagHaHHsa. HalOuibll MOMMPEHWA THI TAKOTO
o0NaJIHaHHSl Peai30BYEThCSI HA OCHOBI iHEPIIMHOTO Ta EKCIIEHTPUKOBOTrO MpuBofiB. (puc. 1, 2) [2, 3].
Oco0nMBICTIO TAKMX YCTAHOBOK € T, M0 BOHU IMPALIOIOTh Y OUISPE30HaHCHUX PSKUMAX, 3aBISIKK YOMY 1X
KOJTMBAJIbHA CHCTEMa PO3BHBA€E BUCOKI JMHAMIYHI 3yCHIUIS MPH BIIHOCHO HEBEIMKUX rabapuTax MpHBOJY.
Mu MOXeMO MOMITHTH, IO JUIsl TPAaHCIOPTYBaHHS BHPOOIB HA 3HAYHI JHMCTaHIii BHKOPHUCTOBYIOThH
JIBOMACOBi pEe30HAHCHI KOJIIMBAIBbHI CHCTEMH, pealli3oBaHi Ha BUTHX MPYKHUX EIEeMEHTAaX.
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Puc. 1. Excyenmpuxosuii ¢ibpayitinuti dcueunvHux Qipmu Eriez

Puc. 1. Excyenmpuxosuii eibpayitinuti dcueunvHux Qipmu Eriez

Puc. 2. 3pasku obnaonanns gipmu Vibra
Maschinenfabrik Schultheis GmbH & Co
(Himeuuuna) 3 oebanrancnum (a, 6) ma
EKCYEHMPUKOBUMU NPUBOIAMU (8)

Puc. 2. 3paszku obnaonanns gipmu Vibra
Maschinenfabrik Schultheis GmbH & Co
(Himeuuuna) 3 oebanrancnum (a, 6) ma
EKCYEHMPUKOBUMU NPUBOOAMU (8)

Tok, nmificHO, Ha MPaKTUI[I HE 3yCTPIUAEThCS MPOMHUCIOBMX BapiaHTIB peanizaiii BiOpamiiHUX
MalIlMH 3 IHEPIIHHUM IIPUBOIOM, peali30BaHUX Ha OCHOBI TpuMacMoBoi MKC, 1110 BOJIOAIIOTE 3HAYHUM
UHAMIYHUM ITOTEHIIAJIOM.

Mera i 3agaui pocaimkenb. B maHili ctaTTi BimOymeThcs crpoba HAOYHO MPOASMOHCTPYBATH
repeBary BiOpaIifHUX MalllMH 3 IHEPIIHHUM MPHBOJOM, peali3oBaHUX Ha OCHOBI TpumacMoBoi MKC 3
MEPCIEKTUBOIO 1X peatizallii.

Texniune 3apnanns. HeoOXxinHo peanizyBaT BiOpamiiHUN TpaHCIIOPTEP 3 IHEPUIHHUM IPUBOIOM.
PoOounii opraH (JIOTOK) TpaHCIOPTYBaTMME CHIIKI ~ MaTepiajd 3  aMIUITYA0K  KOJHBaHb
X =0.00085x=0.85 mm. KosoBa yacToTa KOJIMBaHb jcOajlaHCa MPH IbOMY IIOBUHHA CTAHOBUTH

=24Ty=150.8 pao/c. Maca pobOUOro oprany i3 IpPHBEICHOK YaCTKOK CEPEAOBHUINA 3aBaHTAKCHHS

m,, +k,m, =294xke, ne m,— Maca pobOYOro opramy, m,, — Maca CEPeJOBHIINA 3aBAHTAKECHHS,

3a6

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

OnanomacoBa BiOpaniiina Mamunaa. HaiirpocTimia KOHCTPYKIIiS KOJHMBAJIbHUX CHUCTEM Ha OCHOBI
nebanaHCHHUX BiOp030ymKyBadiB. Sk 3po3ymisnio i3 Ha3BH, Taki MKC MaloTh JvIie OHY KOJUBAJIbHY Macy,
Ha SIKiil 1 3akpimieHudt npupoj. JlaHui THn oONagHAHHS Ma€ JIMIIE OJHY CHCTEMY IPY)KHHMX BY3JiB, 3a
JIOTTIOMOIOI0 SIKOT KpIMUThCs 10 pyHIaMeHTy abo minsicy. [IpeacraBieHa omHoMacoBa BiOpalliliHa MallivHa
CKJIaJae€ThCsi 3 poboyoro oprany (oTka) 1, ABOX MOTOp-BiOpaTopiB 2 Ta BIOpPOI30JIATOPIB 3, IO
3MEHIIIYIOTh HaBaHTaXXCHHs Ha (QyHaameHT. J[Ba MoTOp-BiOpaTOpu 2, MO PO3TAILIOBaHI MO 00MaABa OOKH
poboYOro opraHy i 00OEpTAalOThCS OMWH HA3yCTPiu IHIIOMY, CTBOPIOKOTH 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-
10Th €MHY Macy. Taka BiOpamiliHa MalllMHA TPAIIOe Y 3ape30HAHCHUX PSKUMaX, OTXKE ITiJ] 4ac 3amycKy Ta
3YIIMHKH BOHA TPOXOAWTH Yepe3 Pe30HaHC, CIPUYMHEHUH oOepTaHHIM Je0allaHCIB i3 4acTOTO, IO €
01M3bKa 10 BIACHOI YaCTOTH CUCTEMH.

[HepuiliHO-)KOPCTKICHI XapaKTEePUCTUKU KOJIHBAIILHOI CUCTEMH BH3HAYAIOTHCS 13 3aJISKHOCTEH

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,
BCTaHOBJIIOIOTH 13 3AJIEKHOCTI
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 xe/Bm . )
BuxopucroByrouu 3anexsocri (1), (3) Ta (4), ckiagaeMo cuCTeMY
N= o (m, +2m, +k, -m,)o X
4n , )
N=2m_/k,

810

3 SIKOi aHAITHYHUM METOJIOM BH3HAYa€EMO Macy OJHOr0 MOTOpa-BiOpaTopa
3 2
N6’ X’ k(m,, +k,,-m,,)
8n—26 0’ X* k)

m (6)

Ta HOTo MOTYKHICTh
N N6w X (m, +k, -m,)
2 gn-2/6 0’ Xk
BinnosigHo, HEOOXiHA CyMapHa MOTYXHICTh PUBOJY CTAHOBUTHME
N=2N,. (8)
BukopucToBytoun HaBelleHI BUILE MTapaMeTpH, i3 3alIe)KHOCTI (6) 3HAXOAUMO Macy OJHOrO MOTOpa-
BiOpaTopa

(7

J6150.8°0.00085%0.07-29.4
= =2.25ke

©8.0.8—2+/6 150.8°0.00085>-0.07)
Ta HOro MOTY>KHICTh, BAKOPHUCTOBYIOUH 3aISKHOCTI (4) Ta (8)

N, =m,;/k=2.25/0.07=32.15Bm .

810

6i0

CymapHa moTyXHicThb N =2-32.15=643Bm. CymapHa Maca YCTaHOBKH CTaHOBHUTb
m=294+2-225=339ke. Jlna 3abe3reuyeHHs BJIACHOI 4YacCTOTH KOlIHMBaHb cucteMu 150.8 pad/c,
HEOOXI/IHO CIIPOCKTYBATH MIPYKHHH B30I i3 )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
CKJIaJIA€ThCS 3 aKTUBHOI Ta peakTUBHOI Mac. IIpuBOa 3aKpIILIIOETHCS, B OCHOBHOMY, J0 PEAKTUBHOI MacH.
JlBoMacoBa BiOpalliifiHa MallliHa, [0 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. 2. Oonomacosa eibpayitina mawuna Puc. 3. [lsomacosa sibpayitina mawuna

Puc. 2. Oonomacosa gibpayitina mawuna Puc. 3. [lsomacosa sibpayitina mawuna

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/Ia KOJTMBAaHb PEaKTUBHOI MACH 3HAXOJMTHCS 13 3aJISKHOCTI [1]
X, =X,(m,— 2" (m, +m,))/m,. (12)

CyMapHa )KOpPCTKICTh CHCTEMH TPYKHHUX BY3JiB 3 BU3HAYA€ThCA 13 PIBHAHHS [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)

ne A, =|- G 5 | Ta A, =| 5 | — KOe(IIIEHTH AMHAMIYHMX MIJICHIICHb
(m, +m,) (¢, —m,, @) |(my+my) (¢, —m,, @)
BIJINIOBITHO aKTUBHOI Ta PEaKTHBHOI Mac.
OckiNbKM B JaHiii JBOMAcOBiM BiOpalliiHIA MalluHi, Tak, SK 1 B OJXHOMACOBIH, B SKOCTI HPHUBOAA
BHUKOPHUCTOBYIOThCS JIBA MOTOPH-BIOpaTOpH, BUKOPHCTOBYIOUM 3aiexHOCTI (4) Ta (14), MOXXKHA CKIIACTH

HACTYITHY CUCTEMY PiBHSHB

N:a)S\/g m1X12+(m,,+2m@;6)X22
an A A ;
N=2m_/k.

810

(15)

3 K01 3HaXOAMMO Macy OJHOTO MOTOpa-BiOpaTopa, IIO KPIMUTBCSA IO PEaKTUBHOI MacH JBOMAacOBOI
BiOpaIiitHOT MalHu

. V6w X2 k2 (my+m))(1-2")-2nm, +

o 2 V60 X2k (o +mm ) (1-2*) +0’m? 16)
’ 260’ XP K2 (2 - 1) +8nk '
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IMpumyckaoyw, 10 pe30HAHCHE HaJaroKEHHs CHCTEMH Y IIbOMY BHITAJKy CTaHOBUTHME z = (0.95, i3
3anexHocTi (16) BU3HaYaEMO 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% x
x0.8(29.4* +29.4-6.9)(1-0.95°) + 0.8 6.9°
Mg = 3 3 3 5 5 =0.97xe.
26 -150.8*-0.00085> -0.07° -0.95> (0.95% — 1) + 8-0.8-0.07

HeoOxingHa NOTYXHICTh MPHBOJA CTaHOBUTH N =2-0.97/0.07 =27.6Bm , mo npubimu3Ho B 2.3 pasu
MeHIIle, HiXK y BUnaaky onaomacooi MKC.

TpumacoBa BiOpauiiina mamuna. Taka BiOpaliiiHa MammMHa CKIaA€ThCS 3 TPHOX HE3AISKHUX
KOJTMBAJILHUX Mac: aKTUBHOI, TPOMDKHOT Ta peakTHBHOI. KonuBaJibHI MacH MomapHo 3’€THaHl MiXK co00t0
npyxHumu By3namu. [lompu BigHOCHY ckiamHicTh, TpumacoBi MKC MOXYTh BOJIOINITH 3HAYHHM
JUHAMIYHAM TIOTCHINAJIOM Y TOPIBHSAHHI 3 OJHO- Ta JBOMAaCOBMMHM cHcTeMaMH. HasBHICTh JMHAMIYHOIO
MOTEHIIiaTy, B OCHOBHOMY, MOB’si3aHa 3 POOOTOI0 TAKHX CUCTEM y MDKPE30HAHCHIH 30HI KOJIHMBaHb. BXifn y
MDKpPE30HAHCHY 30HY VCKIQJHCHHWH HASBHICTIO JAPYroro pEe3OHaHCHOro IMika cucremu. [lpu ioro
MPOXO/PKEHHI BUHUKAIOTh CKJIAJHOCTI, BHAcHioKk edekry 3ommMepdenblia, SKANA MPOSBISAETbC Y
"3aBucaHHi" 00epTiB 1ebananca B OKOJII PE30HAHCHOTO TTiKa.

3a/1aBIIKCh TAPAMETPOM JIOIATKOBOT'O TMHAMIYHOIO MiZICHIIEHHS KOJIMBaHb K, , IO € CMiBBIAHOIIEHHAM
KOe(II[iEHTIB JTUHAMIYHOCTI TPHUMACOBMX MDKPE30HAHCHHUX CHCTEM BIHOCHO JBOMACOBHX, MO)KHA 3HANTH
HapaMeTpu Takoi TPUMAacoBOI CHCTeMH, sika Oyna 6 y &, pasiB edekTuBHima. TeopeTHUHO JaHa BEITMYMHA
MO)XK€ INpUHMAaTH JI0OBOJNI BENUKI 3HAueHHs (Hampukiaax k, =1000), BUKOPHCTOBYIOYM SIKIi MU 3MOKEMO

BU3HAYUTH IHIII Hapamerpu cucremu. [Ipore, BHACHIZOK MMCHIMAII] SHEprii, MOXUOOK y pO3Mipax Ta Macax
BY3JIIB, TOYHOCTI iX B3a€EMHOI'O PO3MIIIICHHS, MOBUIbHI 3HAYCHHS JOJATKOBOIO IMHAMIYHOIO ITiICHUICHHS

KOJIMBaHb k, HEMOXKIJIMBO peasli3yBaTH Ha MPaKTULIL. ICHye neBHa Mexa MaKCHMaJIbHO JIOMYCTUMOrO 3HaU€HHS
J0JaTKOBOI'O JMHAMIYHOIO IiACWIICHHS KOMMBAaHb k, . Y BHUINAJIKy, KOIM 4acTOTa BUMYIIEHHMX KOJIMBaHb
CHCTEMH CITIBIAJAE i3 APYTUM PE30HAHCHUM ITIKOM, MAKCUMAJIbHO JIOIYCTHME 3HaUeHHs k, CTaHOBHTH [1]
1 m(=(1-27)
[ ]< ) a7
z (m +my)(1-z")

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

— ml kl
m,(1-2)+m(1+k,)
PeaxTrBHA Maca, BUXOJSUM 3 YMOBH CHH(A3HOCTI pyXy, BU3HAYAETHCS 13 3aJISKHOCTI
m,(1—=¢)(m, +m (l—z2
m3 — 2 G) 1 S 2) ) . (19)
S [mz(l_z )+m1]

S (18)

Yum Oinblie J0AaTKOBE JUHAMIYHE IIACHIEHHS k, MH 3aKJIaJaeMO B CHCTEMi, TUM MEHIIe

3HA4YCHHSI PEaKTUBHOI MacCH.

Martoun 3Ha4YeHHS iHEpIIHHUX TapaMeTpiB BCIX TPhOX MAac CHUCTEMH, MOXXEMO BCTaHOBHTH BiTHO-
HICHHS| aMIUTITYJ] KomuBaHb Mac. OCKUTbKM 3HA4YeHHS aMIUTITYJH KOJMBaHb aKTHBHOI MacH i3 poOovnM
OpPraHOM Ta CEpEeIOBHILNEM 3aBAHTAKEHHS 3aJa€ThCd MPH MPOCKTYBaHHI, BUXOISMYM 3 TEXHIYHOTO
3aBJIaHHS, AMILTITYIM KOJIMBaHb MPOMIKHOI Ta pEaKTHBHOI Mac MOKHA BU3HAYMTH 13 BITHOMICHB [ 1]

X, =X, g {2 (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
w m,g +m,(c—1)
c,=m, (—j { 3 2 . (22)
z (¢ =D(m +m,)+mg
JKopcTKicTh HPYKHOTO By3Ja, IO 3’€JIHYE MPOMDKHY Ta PEaTHBHY MacH, MO)KHAa BCTAHOBWTHU 13
3anexHocTi [1]

2
10}
Cp =My (;j G- (23)
KoedirieHTn TMHaMIYHOCTI Mac BU3HAYAIOTHCS 3a BUPa3aMU
Cp, Cyy M
A/] — 12 ~23 1 s (24)
e
2
A, :|Czs (¢, -ma )m2|’ (25)
A
Iy = (my (6,07 (m, + my) = 3y (0, —m@™) = @’ mym,) ) [T (26)

4 2
e ]15 =@ 'mm, my — " [m,(mcy; +myc,) + mmy (¢, +¢y3) ]+ 6,00 (my +my +my) .

CrioxxrBaHa TOTYKHICTh TaKOi TPUMACOBOI BiOpaIiiHOi MallliHA BCTAHOBITIOETHCS 32 BUPA30M

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

[IpencraBnena TpuMmacoBa BiOpailiiiHa MallMHa CKJIaJa€ThbCs 3 aKTUBHOI 1, mpoMmiKHOI 2 Ta
peakTHBHOI 3 Mac, MOMapHO 3’€JHAHHX MDK CO0OI0 cHUCTeMaMH TpPYXHHX BYy3liB 4 Ta 5 (puc. 4).
BiOpamiitHa MamHa 3’€qHana 3 GyHIaMEHTOM uepe3 BiOpoizossTopu 6. CuitoBe 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
KPOKOBHX JBUTYHIB, NIe0ajJaHCH MOYKHA PO3BOIUTH Ta 3BOIUTH, 0€3 MEPEIIKOA MPOXOASYH IPYTHi
pesonancHuil mik TpumacoBoi MKC. Kpokosi nBuryHn 8 posmilieHi okpeMo Bija BiOpamiiHOi MamwHU.
3acrocyBaHHs TaKOi KOHCTPYKIIi1 JI03BOJISIE OTPUMATH JIETKY PEaKTUBHY Macy, a OT)Ke, 1 3HAUHI JUHAMIYHI
IMICUIEHHS KOJIMBAHb.

OTxe, U 1aHOi TPUMACOBOT BiOpaIiifHOT MAIIMHHM, B SIKOi 3TiJHO YMOBH, m, =29.4ke, m, =6.9 ke,
JIOIYCTUME JI0JaTKOBE IMHAMIYHE IIACHIICHHS KOJIMBaHb, 13 3aJIOKHOCTI (17), CTAaHOBUTUME
- 29.4(1-0.95*(1-0.95
[kJS 92( 0.95°(1-0.95 )2 99
0.95°(29.4+6.9)(1-0.95%)

[Ipuiimaemo la =6.

Puc. 4. Tpumacosa sibpayitina mawuna

Puc. 4. Tpumacosa sibpayivina mawuna
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BinnoBigHo, 4acTka >KOPCTKOCTi, BUKOPHCTOBYIOUM Bupas (18), cranHoBUTHME
292'4'6 =0.854.
6.9(1-0.95%)+29.4(1+ 6)
3HaveHHs TPEThOi (PEaKTUBHOT) MacH, 3TiHO BUpa3y (19), nopiBHIOBaTHME
. = 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(150.8j 0.138-0.854+6.9(0.854—1) ) _ 127110/
0.95 ) { (0.854—-1)(29.4+6.9)+0.138-0.854 M

JXKopeTkicTh MpYKHOTO By3Ja 5, BAKOPHCTOBYIOUH (23), OPIBHIOE
150.8Y’ ,
cyy =0.138] —= | 0.854=2.98-10°
» ( 0.95 j 7

Koedimientn aunamivHOCT Mac 3rigHo (24) — (26) CTaHOBISATH
[1.271-10°x2.98-10°x29.4|

g:

=0.138xe.

A 7| ~2.234-10° |_49'84l;
2 :|2.98~103(1.271~105 —29;4~150-82)~6-9|:49_841;
| —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°

A, = =1.

MoXHa MOMITHTH IO MPHUPICT aKTUBHOI 1 MPOMDKHOT Mac omHakoBUH. [licHIeHHS ) KOJWBaHb Y
peaKkTUBHIl Maci BiICYTHE.
CrioxxrBaHa MOTYKHICTh TaKoi BIOpOMAIINHU, BUKOPUCTOBYIOUH (27) TOpIBHIOE

~150.8°\/6/( 29.4-0.00085> . 6.9-(=3.62-107) . 0.138-(-3.62-107)
4-0.8 49.841 49.841 1

o npubIKU3HO B 2.5 pasu MeHIle, HK B IBOMacoBiid MammHi. [Ipote, SKIIO BHOKPEMHTH B TPUMACOBIH
KONMBANBHINA cHCTeMi (Vi1 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 yKe B 4.7 pa3u MEHIIe, HDK B IBOMACOBIi MalllnHi.

J=10.7Bm,

JzSSBm,

BucnoBku. Po3paxoBaHo oqHO-, JBO- Ta TPUMACOBY BiOpalliiiHi MallMHU 3 THEPIIHHUM PHBOIOM
Ha OCHOBI JeOaaHCHMX BiOp0o30ynHMKIB. BCTaHOBIEHO, 110 TPUMAcCOBi BIOpallifiHi MAIlMHH € 3HAYHO
eHeproe()eKTHBHINII 3a OJHO- Ta JBOMAacOBi, a TOMY MJOCIHIDKEHHS, PO3PaXyHOK, NMPOCKTYBaHHS Ta
BIPOBA/KCHHS TaKUX BIOpAIlifHMX MAaIIMH SK TEXHOJIOTIYHOr'O OOJaJHAHHS Ha MIANPHEMCTBAX PI3HUX
ramy3eil IpOMHCIOBOCTI € HAJ3BHUYANHO MEPCIEKTUBHOIO 3aj1a4eto. [Ipore HEoOXiMHO BpaxoByBaTH, IO
JUIS OTPUMAaHHS JIOJATKOBOI'O JMHAMIYHOTO MOTEHIialy HEOOXIAHO, MO-TepIle, BBIHTH Y MDKPE30HAHCHY
30HY KOJIUBaHb, 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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