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AHHOTALUKA

BeedeHue. Llenbio daHHOU cmambu siefisemcsi 6bIrosIHeHUe CpasHUMEbHO20 aHanu3a 3Hepeo3ampam npu
pabome pe3oHaHCHOU 08yxmMacco8oll MexaHU4yeckoU cucmeMbl 8 3asUCUMOCMU OM MOYKU MPUIOXEHUS 8bl-
Hyx0arowel cusbl K nepseol unu Ko emopol macce. Obbekmom uccredosaHuli sierisiemcsi KonebamerbHasi Cu-
cmema subpomawuHbl, cocmoswast u3 08yx Macc, cesid3aHHbix Mex0y coboll yrpyaum u OuccurnamueHbIM 3r1e-
meHmom. Kpome moeo, nepeasi Macca yepes yrnpyaull u duccurnamugHbili 351eMeHm COedQUHeHa C Hernoo8UXHbIM
OCHOB8aHUEM.

Mamepuasnbl u Memodbl. B uccriedosaHusix UCMOMb308aHbl OCHOBHLIE MOJIOXEHUST Meopemuyeckoll MexaHUKU,
MamemMamu4ecko20 MoOenupo8aHuUsi U UMUMayUuoOHHO20 aKcrepumeHma 6 cpede Matlab-Simulink.
Pe3ynbmamsl. 1o pe3ynbmamam uccriedogaHuli Ha Mamemamu4yeckol modernu 08yxmaccosol KornebamerbHoU
cucmembl C MOYKOU MPUIOXeHUs 8biHy»0arouweli cusbl K rnepeoli Macce ycmaHO8/1eHO, YMO rpu 8biHyxdarowel
cune 10 kH u vacmome 80 pad/c amnnumyda konebaHuli nepsoli Mmaccbl cocmasnsem 0,6 Mm, a emopol —1,8 mm,
rpu 3mom KoaghghuyueHm ycuneHusi no amrnumyoe cocmaensem 3,94. [lns docmuxeHus yka3aHHOU 8bIHyx0aro-
weu cunbl 0ebanaHcHbIU 8036yOumerb HarnpaesneHHo20 Oelicmeusi rpu macce 0ebanaHcos 10 ke dormkeH umems
akcyeHmpucumem — 0,16 M, a MOWHOCMb, He0bx0dumyto Ha rpusod 803bydumernsi konebaHut — 21,2 kBm. B
criydae npusoxeHus ebiHyxoarowell cusibl KO 8mopol macce docmudb mou xe amrumyOb! KornebaHul nepsol
maccnl (0,6 MM) MOXHO ripu ebiHyx0aroujeli cune 5 kH, akcueHmpucumeme 0,078 M u MOWHOCMU Ha rpugod 803-
bydumerns 4,9 kBm, npu amom koaghgbuyueHm ycuneHusi no amrnaumyde cocmaernsem 8,44.

Bbi1800bI. Takum o6pa3om, 8 cusy OUHaMU4YecKux ceolicme 08yxmaccoeoll cucmemMbl 8apuaHm ¢ Mo4Kol npusio-
JKeHUs1 8bIHyXx0atouwjeli cusbl KO 8mopoll Macce oka3bigaemcsi 8 4,3 pasa s3Hep203¢hhekmueHee Mo cpasHEHUK C
gapuaHmMoM MpUIOXeHUs 8bIHyx0arowel cusbl K nepeol macce.

KIMIOYEBBIE CIIOBA: dsyxmaccosasi konebamernbHas cucmema, amrinumyda KonebaHul, moyka rpusioxeHust
8biHyx0aroweli cusbi, 3HepP203ghheKMUBHOCMb

Cmambsi nocmynuna e pedakyuto 14.01.2023; odob6peHa nocre peueHaupoeaHusi 03.02.2023; npuHsama K
ny6nukayuu 20.02.2023.

AemopsI npoyumanu u 0006pusiu OKOH4YameJsibHbIU 8apuaHm pyKonucu.

Mpo3payHocmb ghuHaHcoeol OesimesIbHOCMU: a8Mmopbl He UMerom ¢huHaHco8oU 3auHmepeco8aHHOCMU 8
npedcmaenieHHbIXx Mamepuasnax u memoodax. KoHghsiukm uHmepecoe omcymcmeayem.

Ans yumuposaHusi: 3egreHnson B. I, ®aii3o C. X. BnvsiHne TOYKM NPUNOXKEHUS BbIHYXAAKOLWEN CUMbl B ABYX-
MaccoBOW konebaTenbHoWM cucTemMe Ha ee aHeproaddekTmBHocTb // BecmHuk CubAAN. 2023. T. 20, Ne 1 (89).
C. 12-23. https://doi.org/10.26518/2071-7296-2023-20-1-12-23

© 3enrenunsos B. I, ®anzos C. X., 2023
KOHTEHT AOCTyneH noa NuLeH3unei
= Creative Commons Attribution 4.0 License.

1 2 © 2004-2023 BectHuk CucAaN Tom 20, Ne 1. 2023
The Russian Automobile Vol. 20, No. 1. 2023
and Highway Industry Journal




TRANSPORT, MINING AND MECHANICAL ENGINEERING PART I

Origin alarticle
DOI: https://doi.org/10.26518/2071-7296-2023-20-1-12-23
EDN: KEIWXK

IMPACT OF FORCE APPLICATION POINT IN TWO-MASS
OSCILLATION SYSTEM ON ITS ENERGY EFFICIENCY

Viktor G. ZedgenizoV, Sorbon Kh. Faizov

Irkutsk National Research Technical University

Irkutsk, Russia

vzedgenizov@bk.ru, http://orcid.org/0000-0001-5141-0876
sorbon2018@mail.ru, http://orcid.org/0000-0002-4428-9999
*corresponding author

ABSTRACT

Introduction. The goal is to perform a comparative analysis of energy consumption during the operation of a
resonant two—mass mechanical system, depending on the point of application of the driving force to the first or
second mass. The object of research is an oscillatory system of a vibrating machine consisting of two masses
interconnected by elastic and dissipative elements. In addition, the first mass is connected to a fixed base through
elastic and dissipative elements.

Materials and methods. The research uses the main provisions of theoretical mechanics, mathematical modeling
and simulation experiment in the Matlab-Simulink environment.

Results. According to the results of research on a mathematical model of a two-mass oscillatory system with
a point of application of the driving force to the first mass, it was found that with a driving force of 10 kN and a
frequency of 80 rad/s, the amplitude of the oscillations of the first mass is 0,6 mm, and the second is 1,8 mm, while
the amplitude gain is 3,94. To achieve the specified driving force, a directional debalance exciter with a mass of
10 kg of debalances must have an eccentricity of 0,16 m, and the power required to drive the oscillation exciter is
21,2 kW. In the case of applying a driving force to the second mass, it is possible to achieve the same amplitude of
oscillations of the first mass (0,6 mm) with a driving force of 5 kN, an eccentricity of 0,078 m and a drive power of
4,9 kW, while the amplitude gain is 8,44.

Originality. Thus, due to the dynamic properties of the two-mass system, the option with the point of application of
the driving force to the second mass is 4,3 times more energy efficient than the option of applying the driving force
to the first mass.

KEYWORDS: two-mass oscillatory system, oscillation amplitude, the point of application of the driving force,
energy efficiency

The article was submitted 14.01.2023; approved after reviewing 03.02.2023; accepted for publication
20.02.2023.

The authors have read and approved the final manuscript.

Financial transparency: the authors have no financial interest in the presented materials or methods. There
is no conflict of interest.

For citation. Zedgenizov Viktor G., Faizov Sorbon Kh. Impact of force application point in two-mass oscillation
system on its energy efficiency. The Russian Automobile and Highway Industry Journal. 2023; 20 (1): 12-23.
https://doi.org/10.26518/2071-7296-2023-20-1-12-23

© Zedgenizov V. G., Faizov S. Kh., 2023
Content is available under the license
oY Creative Commons Attribution 4.0 License.

Tom 20, Ne 1. 2023 © 2004-2023 BecTHuk CnoAN 1 3
Vol. 20, No. 1. 2023 The Russian Automobile
and Highway Industry Journal




BBEOEHUE

B coBpemMeHHOM CTPOUTENbHOM KOMMIeKce
LUMPOKO MCMONb3YTCS BUOPALMOHHbBIE TEXHOMO-
rmyeckMe maluvHbl ¢ gebanaHcHbIMKU BUOPOBO3-
oyouTtensmn (BMOPOKOHBENEPDLI, BUOPOrpOXOThI,
BMObpaUMOHHbIE MenbHuubl U T.4.). OgHum u3
nyTen MOBbILLEHNA 3HEepProaddEKTUBHOCTN BU-
OpaUMOHHBIX MalUMH SABMSETCA MCMNOMb30BaHWe
PE30HaHCHOro pexuma, npu KoTopoMm pabouemy
opraHy coobuuatotca konebaHus, 6nmskue k ero
cobcTBeHHoM yacToTe 234 [1, 2].

Pe30HaHCHbIN peXxrM MO3BOMSAET UCKIIOYUTD
BMUSHNE YNPYIMX U MHEPLMOHHBIX CUIT B CUCTe-
me. MowHocTb NprBoga BUGpaLMOHHON MaLUMHbI
MOeT Ha KOMMEHCALMK WCKNIYMTENBHO ANCCU-
naTuBHbIX cun. Pe3oHaHCHas HacTponka cylie-
CTBEHHO CHWXaeT MoTpebnsieMyd MOLLHOCTb,
npy aTtom HabrogaeTca yny4yleHue KOHCTPYK-
TUBHbIX, AMHAMWUYECKUX U SKCMNIyaTaLNOHHbIX Xa-
paKkTepucTmK MaLnHbl [3, 4].

OpHako pe3oHaHCHble CUCTEMbI UMEKOT CBOU
HegocTaTku. M3-3a OCTPOTbI PE30HAHCHOro nuka
NnosABSieTCS HECTabunbHOCTbL paboyero pexunma
npy U3MEHEHUWN HAarpy3Ku WM 4acTOTbl BbIHYX-
Jawwen cunbl. 3Ta HeCTabuNbHOCTb YacTo SAB-
ngeTcs NPUYMHON HapYLLIEHUS TEXHONOrMYecKoro
npouecca, YTo NPensiTCTBYET LUMPOKOMY BHefpe-
HMIO BbICOKOI(MEKTUBHBIX PE3OHAHCHbBIX BUBPO-
MaLuuH [5, 6].

C uenblo pacliMpeHnsl pe30HaHCHOW 30HbI B
CTPYKTYpPYy MaluH BBOAUTCA [OOMOSHUTENbHAS
macca [7]. lpwu 3aTOM BbIHY>XAakoLasa cuna MoxeT
ObITb NpPUNOXeHa Kak kK paboyemy opraHy, Tak 1 K
OOMNOMHUTENBHOM Macce.

Llenbto HacToswen paboThl IBNAETCA CpaBHU-
TenbHbIA aHanu3 aHepro3artpar npu pabote peso-
HaHCHOW ABYXMaCCOBOW MeXaHU4YeCKOW CUCTEMbI
B 3aBUCUMOCTU OT TOYKU NMPUNOXEHUS BbIHYXOa-
IOLLEen CUnbl.

MATEPUAIbI U METOAbI
MCCNEOOBAHUA

B kayecTBe npoTtoTuna BbiOpaHa pe3oHaHC-
Has BuOponnolwiagka 7452, kotopasi BXOOUT B

TPAHCIOPTHOE, TOPHOE 1 CTPOUTEJIbHOE MALMHOCTPOEHWE

cocTaB KomnnekTta obopyaoBaHus Ans U3rotos-
neHns NInT NepekpbITMn pasmepom 3x6 m. Tex-
HMYecKkasi xapaKkTepucTuka npororuna’:

- rpy3onogbeMHOCTb, kr — 8000;

- amnnutyga konebaxHun, mm — 0,4...0,6;

- Macca Bubporpynnbl, kr — 575;

- YCT@HOBMEHHAas MOLLHOCTb, KBT — 18,5.

Ha pucyHke 1 npegcraeneHa pacyeTHas cxe-
Ma NpoTOTMNA C NPUIOXEHUEM BbIHYXXAAKOLLEN
CUnbl K Macce m,.

X7 X2
c7 2
’ mi me
@) O ONN®)
S k.
ASiniwt) z

PucyHok 1 — PacyemHasi cxema 08yxmaccogol
KonebamernbsHoU cucmembl

C Mpuro)eHuem ebiHyxdarouiell Cuslbl K Macce m,
McTouHumK: cocTaBneHo aBTopamu.

Figure 1 —Design scheme of a two-mass oscillatory system
with the application of a driving force to the mass m,
Source: compiled by the authors.

KonebatenoHas cuctema COCTOUT W3 ABYyX
Macc m, n m,, CBA3aHHbIX Mexay cobow ynpy-
TMM C, U AUCCUNATUBHLIM K, aneMeHTaMmu. Kpome
TOro, nepBas mMacca 4epes ynpyrun ¢, u guccu-
naTMBHbIN K, 3NIEMEHTbI COeAMHEHa C HEMOABMX-
HbIM OcHOBaHueMm. Macca m, umuTupyet pabo-
4Mn opraH BUOPALIMOHHOW MalMHbI, Macca m,
CMYXWUT AN KOppeKkunrn amnimTygHO-4aCTOTHON
xapaktepuctukmn (A4X).

BapuaHT 1: BbIHyxgatowaa cuna Q-sin(wt)
npunoxeHa Kk macce m,.

[BmkeHne cuctembl OnNUCbIBAeTCA Creayto-
Len cuctemon anddepeHumanbHbIX ypaBHEHUN

[8]:

Tan W. 1., Maxosko . A., WoxuH A. E. K Bonpocy 06 aHepronoTpe6neHnm BUGpaLMOHHbIX TEXHONOMMYECKMX MaLlnH //
XXXI MexxgyHapogHasi MHHOBaLMOHHAs KOHpepeHLUsi MOMOAbIX YYeHbIX U CTyAeHTOB no npobnemam MawmHosegeHns (MUK-

MYC-2019): ¢6. Tp. KoHd. M., 2019. C. 334-337.

2MaHoBko . A., WoxuH A. E. K Bonpocy 0 pe3oHaHCHOW HAacTpoVike TPaHCNOPTHO-TEXHONOMMYECKMX BUGpoMaLuvH // AuHa-
MUKa BUBpoyAapHbIX (CUNMbHO HenuHenHbIX) cuctem: ¢b. Tp. XVIII MexxayHap. cumnoanyma, nocesweHHoro 100-neTuio co aHA
poXaeHus A-pa TexH. Hayk, npod. A.E. Kobpuxckoro. M., 2015. C. 213-217.

3BupepmaH B. J1. Teopusa mexaHunyeckmx konebanun. M.: Beicw. wk., 1980. 408 c.

4 BbixoBckuin U. U., Monoe C. V. ABTomaTn3aumsi pesoHaHCcHbIX BubpomatunH. M.: LHUUTScTporimaw, 1972. 162 c.

® QHumknoneaus no mawwmHocTpoeHmio https://mash-xxl.info/page/0411990621800182361761260360550961460320000872
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PART I

TRANSPORT, MINING AND MECHANICAL ENGINEERING

d2x1 dx1 dx1 de .
my g+l gy ke (G =g ) v+ ea = ) = QsinGwo),
(1)
d?x, (dx1 dxz) e y=0
m, dtz 2 dt dt Cy (X1 Xy) =0,

rae m,vu m,— nepeas 1 BTOpas Maccbl KoriebateribHoi CUCTEMBbI; X, U X, — NepeMeLLeHns NepBoil 1 BTO-
POV Macchbl COOTBETCTBEHHO; K, U k, — KO3 pULIMEHTbI AeMNEMPOBaAHUSA Macc; C, U C, — KOI(PMULNEHTDI
YKECTKOCTW YNpyrnx anemeHToB; Q-sin(wt) — BbIHyXgatoLLas cuna.
YpasHeHue (1) onpeaenser nepeMelleHme Macchl m,, a ypaBHeHve (2) — nepeMeLLeHme Maccol m,.
Onsa nonyyeHns AYX konebartenbHow cuctemsl B cpege Matlab-Simulink paspabotaHa cxema, koTo-
pas npencrtasneHa Ha pucyHke 2 [9, 10, 11, 12].
_K_}.

4
_K_}.
1 1 —
K gl >
Cutput Paint1
r ainz2 Integratar Integratari —r’-
2 L
L
+
| _K_}‘ i ]
SineWave Input Point1 Scope
o
K-i é
1 1
i >~K— > 1 > 1 T
Zaind Integrator2 Integrator2 Hutput Faint

PucyHok 2 — Cxema peweHusi 8 Matlab-Simulink
McTouHuk: cocTaBneHo aBTopamu.

Figure 2 — Scheme of the solution in Matlab-Simulink
Source: compiled by the authors.

BxogHown curHan doopmupyet 6rok InputPoint 1, OTKNMK CUCTEMBI B BUAE aMNNUTyabl NepemMeLleHni
nepBon 1 BTOPOW macc cHumaetcs ¢ QutputPoint 1 n QutputPoint n peructpupyetca B Scope.

[MapameTpbl konebaTenbHOM CUCTEMbI HACTPOEHbI HAa PEXNM paboThbl C pacLUMPEHHON PE30OHAHCHOM
30HOW A51si NepBOM Maccbl M, 1 NpeAcTasneHbl B Tabnuue 1.

Ta6bnuua 1

OcHoOBHble NapameTpbl pe30HaHCHOW ABYyXMacCcoBoOM KonebaTensHomn
CMCTeMbl C TOYKON NPUIOXEHUA BbIHYXAaloWen Cuibl K Macce m,
McTo4HuK: cocTaBneHo asTopamu.

Table 1

The main parameters of a resonant two-mass oscillatory

system with a point of application of the driving force to m, mass
Source: compiled by the authors.

Haumerosarive m,, Kr m,, Kr ¢, kH/m C, KH/M k,, kHc/m K,, kHc/m
napameTpa
3HayeHve 8 000 500 60 000 3200 70 15
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TPAHCIOPTHOE, TOPHOE 1 CTPOUTEJIbHOE MALMHOCTPOEHWE

Bode Diagrarm
From: Input Poirt

T Crutput Poirdt

Magnitude (abs)

To: Output Point

100 120 140 160 180 200

Freguency (radfzec)

PucyHok 3 — AMnnumydHo-4acmomHasi xapakmepucmuka pe30HaHCHO20 pexxuma 08yxmaccosol
KonebamernbHOU cucmeMbl C MOYKOU MPUIOXeHUs 8bIHy0arowel curbl K Macce m1

MICTOYHMK: cocTaBneHo aBTopamu.

Figure 3 — Frequency response of the resonant mode of a two-mass oscillatory
system with the point of application of the driving force to the mass m1

Ha pucyHke 3 npefgctaBneHa pe3oHaHCcHas
AYX konebaTenbHOW CUCTEMbI C TOYKOW MPUIO-
XEHMS BbIHYXZatowen cunbl K Macce m,. Bepx-
HUIM rpaduk npeacTasnsieT cobor 3aBUCUMOCTb
amnnuTyabl konebaHuii Nnepeoii Maccebl m, oT Ya-
CTOThI BbIHY)XAAOLLEN CUIbI, HKHUIA — TO >Xe ANs
BTOPOK Macchbl m, .

Ana maccel m, Habnogaetca paclumpeHHas
pe3oHaHcHas 3oHa Ha vactoTe 70-90 pag/c, npu
3TOM KO3 PULNEHT AMHAMUYHOCTN COCTaBNsAeT

 Xipa  6,56-107°
Xerar, 1967 : 10_8

4, =3,94,

rae X, — PE30HaHCHOe 3HadyeHue amnnuTydbl
konebaHuit Maccel m,; x__ — nepemeLleHne mac-
Cbl M, Nof AeViCTBMEM CTaTUYECKOro YCUIUS.
PaspaboTtaHHas cxema pelweHuss B Matlab-
Simulink (cMm. puCyHOK 2) no3Bonser nonyy4ntb

3aBMCMMOCTb aMnnnTyabl konebaHun obeunx

Source: compiled by the authors.

Macc OT BESIMYUHbI BbIHY>XAatoLen cunbl. Ha pu-
CyHKe 4 npeacTtaBneH oparMeHT peLleHus ypas-
HeHun (1).

Crnepyet OTMETUTb, YTO MEpPEMELLEHNA MacC
COBVIHYTbI OTHOCUTENBHO ApYr Apyra no ¢ase Ha
yron 90° a BbIHy)XOatolas cuna coBrnagaeTt no
hase Co CKOpPOCTbIO NepeMeELLEeHUs NepBoOn Mac-
Cbl m,. OTO rOBOPUT O TOM, 4TO HabnogaeTcs pe-
30HAHCHbIV PEXNM.

B pesynkrate MMMTaALMOHHOIO 3KCNepuMeHTa
rnory4yeHa 3aBMCUMOCTb aMMNUTyabl korebaHui
Macc X, W X, OT BEMUYMHbI BbIHYXOAKOLWEN CUTTbI
Q, NPUNOXEHHOW K NepBorn Macce m, (PUCYHOK 5).

Mpwn BbIHYXgatowen cune Q=10 000 H n va-
ctoTe w =80 paa/c amnnuTyaa konebdaHum macchl
m, coctaenseT 0,6 mm, a maccel m, —1,8 mm. [inqa
OOCTWXKEHUSA YKa3aHHOW BbIHY)XXOAoLWEN Curnbl
aebanaHcHbli  BO3byaUTENb  HanpaBIIEHHOTO
aencTteust Npyu macce aebanaHcoB 10 Kr 4OMmKeH
NMETb SKCLIEHTPUCUTET:
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TRANSPORT, MINING AND MECHANICAL ENGINEERING PART I

PucyHok 4 — PeweHue cucmemsbl ypagHeHuli (1): a — nepemeweHue maccol m, (mM); 6 — nepemeweHue Maccol m, (M);
€ — CKopocmb Macckl m, (M/c); e — ckopocmb macchl m, (M/c); 0 — eenuyuHa ebiHyxdaroued cusnbi Q (H)

MIcTOYHMK: cocTaBneHo aBTopamMu.

Figure 4 —Solution of the system of equations (1): a — displacement of m, mass (m); b — displacement of m2 mass (m);
c is the velocity of m, mass (m/s); d is the velocity of m, mass (m/s); d is the magnitude of driving force Q (N)

2,5

x1, mm

1,5
X2, MM

0,5

Source: compiled by the authors.

X 1
== X2

5000 10000 15000
QH

PucyHok 5 — 3agucumocms amniumydbl KonebaHuli Macc X, U X, Om 6e/iuyuHbl
ebiHyx)darowel cusbl Q, NpurioxeHHoU K nepeoli Macce m,
McTouHMK: cocTaBneHo aBTopamu.

Figure 5 — Dependence of the amplitude of the oscillations of x, and x, masses
on the magnitude of Q driving force applied to m, first mass
Source: compiled by the authors.
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TPAHCIOPTHOE, TOPHOE 1 CTPOUTEJIbHOE MALMHOCTPOEHWE

r_Q-sincot_ 10000
me? 10-6400

2

Torga mowHoCTb, Heobxoanmasi Ha npusog Bo3byauTens konebaHun, coctasut [13, 14, 15, 16, 17]:

_mr’e’ 10-0,026-512000
2 6,28

N =21,2 kBr.

BapunaHT 2: BbiHyXaaowas cuna Q-sin(wt) rnpunoxeHa k Macce m, (PUCYHOK 6).

X7 X/

B T

cl 4

ml m2

O @ OTQO
KT K2

—_f
PucyHok 6 — PacdemHasi cxema 08yxmaccoeol kornebamerbHol cucmeMsbi

C npurioxxeHuem SbIHy)KaaiOLuelj curnbl K Mmacce m,
McToYHMK: cocTaBneHo aBTopamu.

Figure 6 — Calculation scheme of a two-mass oscillatory system
with the application of a driving force to m,mass
Source: compiled by the authors.

[BmxeHne cnctemMbl ONUCLIBAETCS CrneaytoLen cuctemon anddepeHumnanbHbIX YpaBHEHUN:

d?x, dx

ml_dtz +k1_t1+k2(

dx, dx,
E‘E) +cx1 + (g —x3) =0,

(1)
d?x, (dxl dxz) e ) = Qsin(wt)
m, ——- —_——— cy(xq — x5) = Qsin(wt).
2dez TP \de dt 2V
Ona nonydeHns AYX konebatenbHol cucteMsl B cpege Matlab-Simulink ncnons3oBanacb cxema,
npeacTaBrneHHas Ha pPUCYHKe 2, ¢ TOW nuub pasHuuen, 4to InputPoint 1 coegnHanca co BXogom Cym-
Martopa HUXKHEN Leno4Ykn 6riokoBs, KoTopas hopMMpyeT nepemMelLeHe BTopon Maccel m,,. MapameTpsbl
konebaTenbHON CUCTEMbI HACTPOEHbI Ha PeXxnM paboTbl C pacLLUMPEHHON PE30HAHCHOW 30HOM 1 npea-
cTaBneHbl B Tabnuue 2.
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TRANSPORT, MINING AND MECHANICAL ENGINEERING PART I

Tabnuya 2

OcHOBHble NapameTpbl pe30HaHCHOW ABYXMacCcOBOW KonebarenbHoOu
CUCTeMbI C TOYKOW NPUINOXeHUs BbIHYXAaloLWen Cunbl K Macce m,
MICTOYHWMK: cOCTaBneHo aBTopamu.

Table 2

The main parameters of a resonant two-mass oscillatory

system with a point of application of the driving force to m2 mass
Source: compiled by the authors.

Haumerosarive m, ,Kr m,,Kr c,, kH/m c,,kH/m k,,kHc/m k,,kHc/m
napametpa ! 2 ! 2 ! 2
3HayeHne 8 000 500 60 000 2600 70 14

Ha pucyHke 7 npeactaBrneHa pe3oHaHcHas AYX konebaTenbHOW CUCTEMbI C TOYKOW MPUIOXKEHMS
BbIHY>XAaloLLen cunbl K macce m.,.
Bode Disgraim

%10 From: Input Point1
! ! ! ! ! ! ! ‘ !

To: Cutput Poirtt

Magnitude (abs)

To: Qutput Point

20 40 B0 a0 100 120 140 160 180 200
Frequency (radizec)

PucyHok 7 — AMnnumyOHo-4yacmomHasi Xxapakmepucmuka pe3oHaHCHO20 pexxuma 08yxmaccoeol
konebamernbHOU cucmeMbl C MOYKOU MPUIOXeHUsT 8bIHYdarowell curbl K Macce m2
MICTOYHMK: cOCTaBneHO aBTOpaMu.

Figure 7 — Frequency response of the resonant mode of a two-mass oscillatory
system with the point of application of the driving force to m2 mass
Source: compiled by the authors.

BepxHui rpacpuk npeacraenseT cobovt 3aBMCMMOCTb aMnnnUTyAbl konebaHuin nepBon mMaccbl m, ot
4acTOTbl BbIHY>KAAIOLLEW CUTbl, HUKHUIA — TO e ANs BTOPOi Maccbl m,

Ana maccel m, Takke HabrogaeTca paclumpeHHas pesoHaHcHas 3oHa Ha yactote 70-90 paa/c, npu
3TOM KO3(PPULMEHT OUHAMUYHOCTM COCTaBnseT

4 = Famax _ 1,41x1077
Y7 Xerar, 0,19x1077

7,42.
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TPAHCIOPTHOE, TOPHOE 1 CTPOUTEJIbHOE MALMHOCTPOEHWE

PucyHok 2 nossondeT nonyynTb 3aBMCUMOCTb aMNnuTyAbl kornebaHui obenx macc oT BENUYUHbI
BbIHY>XAaroLLlen cunel. Ha pucyHke 8 npeactaBneH pparMeHT peLleHns ypaBHeHun (2).

PucyHok 8 — PeweHue cucmemb! ypasHeHuUl (2): a — nepemeweHue maccel m, (M);

6 — nepemeweHue mMaccbl m,(M); 8 — CKOPOCMb Maccbl m, (M/c); & — CKopocMmb Maccsl m, (M/c);
0 — senuyuHa sbiHyxdatoujeli cunbl Q (H)
McTouHuK: cocTaBneHo aBTopamMu.

Figure 8 — Solution of the system of equations (2): a — displacement of m, mass (m);
b — displacement of m, mass (m); c is the velocity of m,mass (m/s); d is the velocity of m,mass (m/s);

Ha pucyHke 9 npepnctaBneHa 3aBMCUMOCTb
aMmnnnTyabl konebaHunm macchbl m1 OT BEINNYUHbI
BbIHY>XJAIoLLEN CUnbl AN BapuaHTta 2.

Amnnutyna konebaHui maccel m, Ha YacTtote
w=80 papg/c pocturaet x,=0,6 Mm npu BbIHYKAa-
tower cune Q=5 000 H. [1na aToro febanaHcHbIN
BO30yaguTenb npu macce gebanaHcos 10 kr gon-
XeH MMEeTb 3KCLUEHTPUCUTET:

e O-sinot 5000

d is the magnitude of Q driving force (N)
Source: compiled by the authors.

MoLwHOCTb Ha NpmBog BO3OyaUTENS COCTaBUT

_mr’e’ 10-0,006 512000
2n 6,28

BTtopon BapuaHT B 4,3 pasa aHeproaddek-
TMBHEE MepBOro BBUAY CYLLECTBEHHOW pasHuLb
MeXxay nepsor n BTopon maccamu. [ins BeiBoda
Ha pPe30HaHCHbIN pexnmM konebaHui nepBon mac-
cbl ¢ amnnutygon x,=0,6 mm TpebyeTca npurio-

N =49 kBT.

mo? 710 - 6400 =0,078 m. XWUTb K HeW BbiHyxaatoLyto cuny Q=10 000 H, B

TO BPEMS KaK BTOPYK Maccy MOXHO «packavyaTb»

A0 X,=6 MM BbIHYXgatowen cunon Q=5 000 H.
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Pucyrok 9 — 3asucumocms amniumydbl konebaHull Macc X, U X, 0m ee/1uyuHb!

ebIHyx0arowel curbl Q, MPuUNoxeHHoU KO 8mopol macce m,
MICTOYHMK: COCTaBNEHO aBTOPaMM.

Figure 9 — Dependence of the amplitude of the oscillations of x, and x, masses

[Mpn aTom B CuNy AMHAMUYECKUX CBONCTB OBYX-
MaccoOBOM cucTeMbl nepBas Macca bygeT kone-
Gatbcsa ¢ Toi e amnnTyaon X,= 0,6 Mm.

3AKNIOYEHUE

BbIGOp TOYKM NPUNOXKEHUSA BbIHYXAAOLWEN
CUnbl B AByXMaccoOBOW KonebatensHown cucreme
CYLLIECTBEHHO BNMUSeT Ha ee adhdeKkTUBHOCTb. B
cuny AMHaMM4eckux CBOWCTB BapuaHT C npuno-
XKEHMEM BbIHYXXAatoLLern Curbl K Macce m, okasbl-
BaeTcs B 4,3 pasa aHeproahekTneHee no cpas-
HEHUIO C NPUIOXEHNEM CUSIbl K Macce m,.
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