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AHHOTALMUA

BeedeHue. [MosbiwieHuUe aHepeoathghekmueHocmu 8ubpayUoHHOU MexXHUKU cmasum reped ee paspabomyukamu
psi0 3aday. [lepcrekmueHbIM HarpaesieHUeM CHUXEHUS 3Hepao3ampam Ha rpueod subpayUoHHbIX MawuH Sers-
emcs ucronb308aHuUe s18/1eHUs pesoHaHca. 3a cuem OuHamu4vecKkux ceolicme KornebamerbHol cucmemMb! yoaemcsi
CywecmeeHHO CHU3UMb nompebrigemMyro MOUHOCMb pe30HaHCHO20 8ubpalyUuoHHO20 06opydosaHus, a 8 pside criy-
Yaes rosbICUMb Ka4ecmeo 8bliryckaemou npodyKyuu.

Llenb daHHOU cmambu — pa3pabomka munopa3mMepHo20 psida pe3oHaHCHO20 8ubpayuoHHo20 obopydosaHusi Ons
ynnomueHusi 6emoHHbIx cmecell U MemoOUKU pacyema e20 OCHOBHbIX napamempos. Obbekmom uccredosaHull
sensemcsi konebamernbHasi cucmema subpomaluuHbl, cocmosuwas u3 08yx Macc, ces3aHHbIX Mexdy cobol ynpy-
a2um u duccunamusHbIM aremeHmamu. Kpome moezo, nepsasi Macca 4Yepes yripyaull u duccunamueHbil 35ieMeHmMbl
coeduHeHa C Herno0B8UXHbIM OCHOBaHUEM.

Mamepuanbl u MemoOdbl. B uccriedosaHusix UCMOb308aHbl OCHOBHbLIE MOIOKEHUS MeopemuyecKkol MexaHUKU,
MamemMamu4ecko20 MoOeupo8aHUsi U cmamucmu4eckol 06pabomku pe3ynbmamos.

Pesynbmamail. 1o pe3ynbmamam uccriedogaHull yCmaHOB/IeHO, YMO C y8enu4eHUeM COOMHOWEHUS Macc KO-
nebamernbHoU cucmeMbl KO3ghghuyueHm OUHaMUYHOCMU yMeHbWaemcs, a WuUpuHa pe30HaHCHOU 30HbI y8eru-
yueaemcs. [lpusedeHbl pe2peccUoHHbIe ypagHeHUs. YCmaHOo8/IeHO, Ymo C yeerudyeHueM xecmkocmu paboyezo
op2aHa CHuxaemcs KoaghchuyueHm OUHaMUu4YHOCMU, a 20pU30HMarbHbIU y4acmok Ha aMmnaumyOHO-4acmomHoul
Xapakmepucmuke, WupuHa Komopo2o CyWecmeeHHO He MeHsiemcs, cOguzaemcsi 8 obnacme 6oriee 8bICOKUX Ya-
cmom. C ysenudyeHuem KoaghghuyueHma 0emrghuposaHusi CHUXaemcs KoaghghuyueHm duHaMu4HOCMU, a WUpUHa
pe30HaHCHOU 30HbI U YacmomHbil duana3oH rnpakmu4yecku He MeHsemcs. LLlupokuli cnekmp HoOMeHKnamypbi u
macc cbopHo20 xene3zobemoHa onpasdbigaem pa3pabomKy muropa3mMepHo20 psida pe3oHaHCHO20 8UbpayUOH-
Ho20 obopydosaHus. PaspabomaH murniopasmepHbil psi0 neekoz2o (00 2 m), cpedHezo (2—6 m) u msixxenoeo (6—10
m) muna. Ha ocHoge aHanusa u 0bobuweHus pe3ynsmamos uccriedosaHull pa3pabomaHa MemoOuka pacyema
pe3oHaHCcHo20 subpayuoHHo20 obopydosaHusi Ornsd yromHeHUss 6emoHHbIX cMmecel, M03680MAwWast MoebiCUMms
€20 3HeP203hhekmu8HOCMkb.

KNOYEBBIE CINOBA: subpayuoHHass mexHuka, 3Hepa203ghhekmugHOCMb, SefieHUe pe3oHaHca, murnopasmep-
HbIU psi0, Mmemoduka pacyema
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lpo3payHocmb ghuHaHCcoB8OU dessmeslbHOCMU: a8MOpbI He UMerom (huHaHCc0o80U 3auHmMepeco8aHHOCMU 8
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ABSTRACT

Introduction. Increasing the energy efficiency of vibration technology poses a number of challenges for its
developers. A promising direction for reducing energy costs for driving vibration machines is the use of the resonance
phenomenon. Due to the dynamic properties of the oscillatory system, it is possible to significantly reduce the power
consumption of resonant vibration equipment, and in some cases, improve the quality of the products.

The purpose of this article is to develop a standard range of resonant vibration equipment for compacting concrete
mixtures and a methodology for calculating its main parameters. The object of research is the oscillatory system of
a vibrating machine, consisting of two masses connected by the elastic and dissipative elements. In addition, the
first mass is connected to a fixed base through elastic and dissipative elements.

Materials and methods. The basic principles of theoretical mechanics, mathematical modelling and statistical
processing of results were used in the research.

Results. According to the research results, it was established that with an increase in the mass ratio of the
oscillatory system, the dynamic coefficient decreases, and the width of the resonant zone increases. The regression
equations are given. It has been established that with increasing rigidity of the working body, the dynamic coefficient
decreases, and the horizontal section on the frequency response, the width of which does not change significantly,
shifts to the region of higher frequencies. With an increase in the damping coefficient, the dynamic coefficient
decreases, and the width of the resonant zone and the frequency range practically do not change. A wide range
of nomenclature and masses of precast reinforced concrete justifies the development of a standard-size range of
resonant vibration equipment. A standard range of light (up to 2 tons), medium (2-6 tons) and heavy (6-10 tons)
types has been developed. Based on the analysis and generalization of research results, a method for calculating
resonant vibration equipment for compacting concrete mixtures has been developed, which makes possible to
increase its energy efficiency.

KEYWORDS: vibration technology, energy efficiency, resonance phenomenon, standard-size range, calculation
method
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TPAHCMOPTHOE, FOPHOE 1 CTPOUTEJIbHOE MALIMHOCTPOEHWE

BBEOEHWE CBOWNCTB KorebaTernbHOM CUCTEMbI yAAeTcsl Cy-
LLLECTBEHHO CHU3UTb MOTPEONAeMy0 MOLHOCTb
pe3oHaHCHOro BUbpaunoHHOro o6opyaoBaHus, a
B psSAe CryvyaeB MOBbLICUTb KA4eCcTBO BbiMyckae-
Mol npoaykuun*. CkasaHHoe B NoOrHON Mepe oT-
HocuTCsa K BUBpaumoHHOMy obopyaoBaHuo Ans
YNNOTHEHMS BETOHHBIX CMecei®.

Bonpocbl 3HeproaddeKkTMBHOCTM BUBpauu-
OHHOW TEXHUKM OCTPO CTOAT nepes ee pa3pabort-
ymkamu® 2 [1]. TlepcnekTVBHbIM HanpaBreHneM
CHWXEHWs1 3Hepro3aTpaTt Ha nNpuBoa BMOpaLMOH-
HbIX MaLUWH SIBNSETCS MCMONb30BaHWE SBNEHUS
pesoHaHca® [2, 3, 4, 5, 7]. 3a c4eT AMHaMUYECKNX

Biode Diagram
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PucyHok 1 — AYX dsyxmaccosoli kornnebamerbHoU cucmemb|

Mpu pasnuyHoOM COOMHOWEHUU MaccC:

1—m,=1000 ke; m,=100 ke; ¢,=22600 kH/m; ¢,=1870 kH/m; k =80 Hc/m; k,=6520 Hc/m
2-m,=1000 xe; m,=250 ke; ¢,=26600 kH/m, ¢,=3580 kH/m; k=80 Hc/m; k,=20300 Hc/m
3 - m,=1000 xe; m,=500 ke; ¢,=22600 kH/m; ¢,=4960 kH/m; k, =80 Hc/m; k,=42300 Hc/m
MCTOYHWMK: COCTaBNEHO aBTOpaMM.

Fig. 1 — Frequency response of a two-mass oscillating system

at different mass ratio:

1—m1=1000 kg; m2 = 100 kg; c1 = 22600 kN/m; c¢2 = 1870 kN/m; k1 = 80 Ns/m; k2 = 6520 Ns/m
2-m1=1000 kg; m2 = 250 kg, c1 = 26600 kN/m; c2 = 3580 kN/m; k1 = 80 Ns/m; k2 = 20300 Ns/m
3—-m1=1000 kg; m2 = 500 kg, c1 = 22600 kN/m; c2 = 4960 kN/m; k1 = 80 Ns/m; k2 = 42300 Ns/m
Source: compiled by the authors.
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TRANSPORT, MINING AND MECHANICAL ENGINEERING

OpHako pesoHaHCHoe BMOpauMoHHOe 000-
pyZoBaHWe YyBCTBMTENMbHO K M3MEHEHUIO napa-
METPOB CUCTEMbI MWIIN BHELUHUX BO34ENCTBUMN.
WccnemoBaHue AvHaMUKM OBYXMACCOBBIX Kore-
faTenbHbIX CMCTEM MOKa3ano BO3MOXHOCTb pac-
LUMPEHMS PE30HAHCHOWM 30HbI OOHOW M3 Macc, Ha
aMMUTYAHO-4YaCTOTHOW XxapakTtepuctuke (AYX),
Ha KOTOPOW MOSIBNSIETCS FOPU3OHTAmNbHbIA y4a-
CTOK, rge amnnutyga konebaHui He 3aBUCUT OT
YyacToTbl BbIHY>XaatoLen cunol [8, 9, 10].

MATEPUAIbI U METObI
MCCNEOOBAHUA

ViccnenoBaHuaMM Ha MaTteMaTuyeckon Moae-
N OBYXMaccoBoW KorebaTtenbHon cuctembl [8]
nornyYeHbl JOMOMHUTENBHBIE AAHHbIE O BIIUSAHUM
HEKOTOPbIX NapaMeTPOB Ha ee BbIXOAHbIE Xapak-
TEPUCTUKN.

Ha pucyHke 1 npepgctasneHa AYX gByxmac-
COBOW CUCTEMbI C Pa3fNYHbIM COOTHOLLUEHUEM
macc.

AHanu3 nomny4YeHHbIX 3aBMCMMOCTEN MOKa3bl-
BaeT, YTO C YBENMYEHNEM BTOPON Macchl (KpvBas
2 n 3) A4YX onyckaeTca BHW3, rOPU3OHTasbHbIN
y4acTOK paclumpsieTcst u casBuraetcst B obnactb
©onee HU3KMX YacToT. DTO OOBACHAETCHA TEM, YTO
C yBENMYEHNEM BTOPOWN Macchl 4111 COXpaHeHus
ropuaoHTaneHoro ydactka Ha AYX Heobxogumo

PART I

yBENMUMBaTh KO3(MUUMEHT XKECTKOCTN C, N KO-
acppuumeHT aemnduposaHus k,. Henponopuu-
OHanbHOe yBenu4yeHne Macchbl U KoadduumeHTa
XKECTKOCTU MPUBOAUT K M3MEHEHMWIO napuuanb-
HbIX YaCTOT CMCTEMBI, @ yBenMyeHne Koacpdpuum-
eHTa gemMndupoBaHUa CHWXaeT KoaduumneHT
ONHaMUYHOCTW.

Ha pucyHke 2 npegcrtaBneHa 3aBWCUMOCTb
KoacpduumeHTa ANHAMUYHOCTU WU LUMPUHBLI pe-
30H@HCHOWM 30HblI OT COOTHOLUEHWS Macc Kore-
batenbHon cuctembl. C  yBenuYeHWeM COOT-
HOLLEHMS MacC KO3(PUUMEHT OUHAMUYHOCTM
cucTeMbl yMeHbluaetcs. Hauwnydwnm oGpasom
3aBMCMMOCTb anMnpOKCUMUPYETCS NONTMHOMMUATb-
HOW QOyHKUMEN C KO3pULMEeHTOM Koppensumnm
R=18:

m; mp
k =228(—)?-19,78 (—) + 6,63,
my mq
rae k — koadhPUUMEHT ANHAMUYHOCTU;

m, — mMacca pabo4ero opraHa, Kr,

m, — macca Bubpartopa, Kr.

Mpn aTOM WMPUHA pe30HaHCHOM 30HbI YBENU-
YMBaETCS N MOXET ObITb onMcaHa

— M2.2 ma
b =16,667(—)*+ 27,5(— )+ 32,083,
m my

rae b — wunprHa pesoHaHCHOW 30HbI, p/c.

60
y = 16,667x3 + 27,5x + 32,083
50 e /I
——k
40 ./
k =il=b, p/c
30 , P
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20 MonnHomwmanbHas (k)
y =22,8x?-19,78x 4 6,63
RZ=1
10 —— NonnHomuanbHas (b,
0 0,2 0,4 0,6
m2/m1

PucyHok 2 — 3agucumocms K0aghghuyueHma OuHaMU4YHOCMU U WUPUHbI PE30HaHCHOU 30HbI

0m coomHoweHusi Macc KornebamernbHoU cucmemsb|
MICTOYHWMK: cocTaBneHo aBTopamu.

Fig. 2 — Dependence of the dynamicity coefficient and the width
of the resonant zone on the mass ratio of the oscillatory system

Source:compiled by the authors.

6 3aBagckuit KO. B. MeToguka ctaTtucTuyeckor o6paboTkun aKkcnepMeHTanbHbix AaHHbIX. M.: MALN, 1973. 97 c.
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PucyHok 3 — HomeHknamypa u macca u3desnuti c6opHo20 xene3obemoHa’

Fig. 3— Nomenclature and mass of precast concrete products’

Tabnuua
TexHMYECKMe XapaKTepPUCTUKU TUNOPa3MepPHOro psaa
MCTOYHMK: COCTaBNEHO aBTOPaMM.

Table
Technical characteristics of the standard-size range
Source: compiled by the authors.

Tun obopynoBaHus

HanmeHosaHue napameTpa - - -
nerkvn cpenHui TSOKENbIN

Macca pabo4ero opraHa, Kr 1000 4000 8000
Macca Bnbpartopa, Kr 100 400 800
Eﬁ:\aﬁcﬂquumem »ecTkocTu paboyero opraHa, 22800 98000 210000
KoadbdpuumeHT xectkoctn BubpaTopa, kH\m 1700 7350 15800
Ec:::\a“chmuwem aemndmpoBaHusa BubpaTopa, 5780 24000 51000
CTraTtnyecknin MOMeHT aebanaHcoB, Krv 0,11 0,44 0,88
BblHyxxgatowas cuna, H 2500 10000 20000
AmvnnuTyaa konebaHuii paboyero opraHa, MM 1 1 1
AmvnnuTyaa konebaHui Bubpatopa, MM 1 2 2,5
YacroTa konebanui, p\c 150 150 150
MouyHocTb, KBT 0,65 10,4 42,5

7 Macca XXBW nspenuii - CnpaBoyHUK Maccbl [OnekTpoHHbIi pecypc]. Pexxkum pgoctyna: URL.: https://wikiweight.info/strmat/

massa-zhbi.html - (garta obpatlenus: 16.09.2023).
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TRANSPORT, MINING AND MECHANICAL ENGINEERING PART I
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PucyHok 4 — 3asucumocmb OCHOBHbIX napamempos8 pe3oHaHCHO20 subpalyuoHHO20 obopydosaHusi
om e2o epy30ModbeMHOCMU: C, — XECMKOCMb yrpy2020 srieMmeHma paboyezo opaaHa;

C, — XecCImKoCmb ynpy20e2o sneMerHma eubpamopa; K, — koaghgpuyueHm demngpuposaHusi subpamopa;
F — ebiHyxOarowas cuna subpamopa; mr — cmamudeckul MomeHm OebanaHca;

N — mowHocmb Ha npugod subpamopa

NCTOYHMK: cocTaBneHo aBTopamMu.

Fig. 4. — Dependence of the main parameters of resonant vibration equipment on its load capacity:

¢, — Is the stiffness of the elastic element of the working body; ¢, — is the stiffness of the elastic element of the vibrator;

k,— is the damping coefficient of the vibrator; F — is the driving force of the vibrator; mr — is the static moment of unbalance;
N is the power to drive the vibrator

Source: compiled by the authors.
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LLInpokmi cnekTp HOMeEHKaTypbl U Macc cbop-
Horo >xene3obeToHa npegnonaraeT NpUMeHeHne
pasnM4yHoOro Mo rpy3onogbeMHOCTU obopyanoBa-
Husi. Ha pucyHke 3 npeacTaBneHbl HEKOTopble
n3genus u ux Macchbi®.

YkasaHHoe OBCTOATENbCTBO NErfno B OCHOBY
pa3paboTky TMNopasMepHOro psga Pe3oHaHCHO-
ro BudpaumnoHHoro obopygoBaHus s ynnoTHe-
HUst BETOHHbIX CMeceit: nerkoro (4o 2 T), cpeaHe-
ro (2—6 1) u Tspkenoro (6—10 T) Tuna.

[na ka4yeCTBEHHOro yniOTHEHUS GETOHHOM
cMecu HeobxoaMma WMHTEHCMBHOCTb BMOpauuu
B npenenax 80-300 cm?/c®, koTopyto oGecnedun-
BalOT OOMbLUMHCTBO COBPEMEHHBLIX BMOpOMo-
wapok®. Mcxoas 3 amnnutygbl A=1 MM U UH-
TEHCUBHOCTU Ha ypoBHe M =150 cwm?/c?, yactoTa
konebaHun coctaBut w=150 p/c.

Mo pesynbratam BbIMOMIHEHHbIX WCCReaoBa-
HWUI pa3paboTaH TMNopa3mMepHbIN psg BMOpaum-
OHHOIO pe3oHaHCHOro 06opyLoBaHUSA, TEXHUYE-
CKNEe XapaKTepUCTUKM KOTOPOro NPeLCTaBeHbl B
Tabnuue.

Mpn amnnutyge konebaHui paboyero opraHa
x,=1 MM npuBoAHas MoLHOCTL Ans obopyaosa-
HWSI MErKoro, CPeAHEro 1 TSXKeMNoro Tuna cocTas-
nsiet 0,65; 10,4 n 42,5 kBT cooTBETCTBEHHO.

B pesynsrate BbINOMHEHHbLIX UCCNeaoBaHUN
nornyyeHbl 3aBMCMMOCTU OCHOBHbIX NapaMeTpoB
OT Ipy30no4bLEMHOCTM PE30HAHCHOro BuUOpauu-
OHHOro 0bopyaoBaHUs (PUCYHOK 4).

AHanu3 nomny4YeHHbIX 3aBMCMMOCTEN MOKa3bl-
BaeT, 4YTO BCE OHM, KpOME MOLLHOCTU Ha MpuUBog
BMOpaTopa, NponopLMoHasibHbl rPy30NnoagbLEMHO-
CTW pe30HaHCHOro BMOpaUMOHHOro obopydoBa-
HMs. MowHOCTb HapacTaeT no napabonMyeckon
3aBMCMMOCTU, T.K. OQHOBPEMEHHO C Maccoun pa-
Bouero opraHa Bo3pacTaeT KoadppUumneHT gemn-
dhupoBaHusa Bubpartopa.

Ha ocHoBe aHanm3a n 06006LieHns pesynb-
TaTOB UccregoBaHui paspaboTaHa MeToauka
pacdyeTa pe3oHaHCHOro BUBpPaLMOHHOro obopy-
OOBaHuWs, KOTopas BKMYaeT B cebd cneayowime
OCHOBHbIE MOSIOXEHUS.

1. Vicxoast U3 HOMeHKNaTypbl U Macchbl n3ge-
nus, onpegensieTcs rpy3onogbeMHOCTb BuUbpa-
LMOHHOTrO 060pya0BaHUS.

2. C yyeToM xenaembix LWMPUHbI PE30HAHCHOM
30Hbl N KO3(hpUuneHTa AMHAMUYHOCTN CUCTEMBI
onpenensieTcsi CoOOTHoLleHMe macc paboyero op-
raHa v Bubparopa (CM. pUCYHOK 2).

TPAHCMOPTHOE, FOPHOE 1 CTPOUTEJIbHOE MALIMHOCTPOEHWE

3. Mo cyuwecTByOWMM pekoMeHZaunsM Mo
YNNOTHEHMIO OETOHHLIX CMecel BbibupaeTcsi am-
nnuTyga konebaHun.

4. C y4eTOM WMHTEHCMBHOCTU onpenensercs
yacToTta konebaHun paboyero opraHa

_3H
Wl_ E,

roe w, — Jacrorta konebaHuii pabodero opraHa,
1/c;

W/ — MHTEHCUBHOCTbL KonebaHun, cm?/c3;

A — amnnutyga konebaHui, cm;

5. XecTtkocTb ynpyroro anemeHTa pabo4ero
opraHa onpeaensieTcs

_ 2
¢ =mw,5,

rae C, — XeCTKOCTb YMpyroro afiemMeHTa paboyero
opraHa, H/wm;

m, — macca paboyero opraHa, Kr,

w, — yacTota konebaHun, p/c.

6. YKecTkoCTb ynpyroro anemeHTa subparopa
onpenensieTcsi M3 COOTHOLLEHMUS

cimymy
CZ =0

T (my+my)?

7. N3 ycnosus cyLLeCcTBOBaHWS pacLUMpPEHHOM
pe3oHaHcHOM 30HblI AYX KoadduLMeHT gemndu-
poBaHWs HaxooMTCs B 3aBUCUMMOCTM OT Macchl
pabouero opraHa

kz = 0,065m1 - 1,2

8. Mo HangeHHbIM 3HAYEHNSAM OCHOBHbIX Na-
pamMeTpoB AanbHenLwnin pacyet BUGpaLMOHHOIo
obopynoBaHMs BeOETCS MO CyLLECTBYHOLLMM Me-
TOAMKaM.

3AKIMIOYEHUE

B pesynbtate BbINOMHEHHbLIX MCCrenoBaHuUi
paspaboTaH TUNopa3MepHbIN Psia PE30HAHCHOMO
BMOpaLMOHHOro 060pyAOBaHUS ANs YNNOTHEHUS
BGETOHHbIX CMecel 1 MeToaMKM pacyeTa ero oc-
HOBHbIX MapaMeTpoB, MO3BOMSIOLMNX MOBbLICUTb
3HeproapekTMBHOCTL BUBPALMOHHOIO 06opy-
[OBaHus.
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