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UccnegoBaHue BNUAHUA OCHOBHbIX napamMmeTpoB AByXMaCCOBOﬁ
KonebaTenibHOM CUCTEMbI Ha ee ANHaAMUYecKue XapPaKTepUuCTukun
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Pestome. Llenb — onpefeneHne BNUSHWS OCHOBHBbIX MNapaMeTpoB ABYXMAacCOBOW konebaTenbHON CUCTEMbI Ha ee
OMHAMUYECKME XapaKTepUCTUKW, MO3BOMSIOLLMNE PacLIMPUTL PE30HAHCHYHD 30HY C LENbl CHWKEHWUS HecTabunbHOCTM
paboyero pexvuma npu W3MEHEHUW Harpysku Wnn 4actoTbl BblHYxaalowen cunbl. OBBbEKTOM MccnegoBaHui sBuUNach
konebarenbHas cuctema BUOPOMALLMHbI, COCTOSLLAS M3 ABYX Macc, CBA3aHHbIX Mexay cobol ynpyrum um guccunatue-
HbIM 3nieMeHTamu. B nccnefoBaHMax MCNOIb30BaHbI OCHOBHbIE NMONOXEHNUS TEOPETUYECKON MeXaHWKL, MaTeMaTUYECK O-
roO MOZENWPOBaHWUS W UMUTALMOHHOTO 3KcrepumeHTa. 1o pesynbTaTaMm WCCneJoBaHW HAa MaTeMaTU4ecKOn Mogenw
[BYXMaccoBoi konebatensHon cuctemsl B cpede Matlab-Simulink npegnoxeH anroputm, BkntovaroLwmini B cebs npoue-
4ypy hOpMUpPOBaHUS aMniUTYAHO-YACTOTHOW XapakTEPUCTUKWM C PacLUMPEHHOW PEe30HAHCHOW 30HOW, W OnpegeneHo
BIIMSIHWE OCHOBHbIX MAapaMeTPoB konebaTenbHOW CUCTEMbI HA PACMOIOXKEHNE W LIMPUHY YKa3aHHOW PE30HAHCHOM 30HbI.
Mokas3aHo, YTO C yBenMYyeHWeM BTOPOM Macchl KonebaTenbHOM CUCTEMbl FOPWU3OHTAsbHbI Yy4acTOK amniuTygHO-
4aCTOTHOW XapaKTepUCTUKN ONyCKaeTcs BHU3 W caBUraeTcs B obnactb 6onee HU3KMX 4acToT. ATO 0O ACHAETCS TEM, YTO
cUcTEMa CTaHOBUTCS Honee MHEPTHOM MO OTHOLIEHWIO K BbIHYXAAIOLWEN Cune. YCTaHOBIEHO, YTO NpU YBENMYEHUN ne p-
BOW Macchl KO3 MULMEHT YCUITEHNS aMMIMTYOHO-4aCTOTHOW XapakTEPUCTMKN MOBbILIAETCS, @ LUMPUHA rOPU30HTaNbHO-
ro yyacTka yMeHbluaeTcs. BbisBNEeHO, Y4TO C yBENWUYEHUEM XECTKOCTU MEPBOrO YNPYroro 3feMeHTa pe3oHaHCHbLIN yya-
CTOK OMYyCKaEeTCS eLLe HKE M CABUraeTcs B CTOPOHY bonee BbICOKMX 3HAYEHWUI YacCTOThl BbIHY)XAAIOLLEN CUITbl; NPW 3TOM
LIMpWHA yyacTka Bo3pacTaeT. Takum o6pa3om, cnocob KOPpPEeKTUPOBKM aMMIIMTYAHO-4aCTOTHON XapakTepuUCTHKK 3a CYeT
BBEAEHNS AOMOSHUTENbHOW MacChl B KOHCTPYKLMIO BUOPOMALLWHBI C LENbio pacliMpeHns ee pe3oHaHCHOW 30HbI 6e3
MPUMEHEHNS CNeLManbHbIX aBTOMaTUYEeCKUX YCTPOWCTB ABMSIETCA NEPCNeKTUBHLIM. Pe3ynbTaThl NPOBEAEHHbIX UCChe-
[OBaHWIA MOTYT BbITb NONOXEHbLI B OCHOBY METOAMKM pacyeTa 3HeproaMeKTUBHbLIX PE3OHAHCHbLIX BUOPOMALLVH.

Knroyeenie cnoea: nByxmaccoBas konebatenbHasi cucTema, OCHOBHbIE MapameTpbl, AMHAMUYECKMe XapakTepu-
CTWKM, LUMPKMHA pe30HaHCHOM 30HbI, Matlab-Simulink
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Influence of the main parameters of a dual-mass
oscillation system on its dynamic characteristics
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Abstract. The influence of the main parameters of a dual-mass oscillation system on its dynamic characteristics is
examined. The object of the study comprises the oscillation system of a vibration machine, containing two masses, con-
nected by elastic and dissipative elements. A reduction in the instability of the operating mode when changing the load or
frequency of the driving force can be achieved by expanding the resonance zone. Mathematical modelling and simulation
experiment approaches were used for the research. Based on the results obtained using the mathematical model for
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dual-mass oscillation system by Matlab-Simulink, an algorithm is proposed that includes a procedure for forming an am-
plitude-frequency response with an extended resonance zone and describing the influence of the main parameters of the
oscillation system on the location and width of the specified resonance zone. It is shown that with an increase in the se-
cond mass of the oscillation system, the horizontal section of the amplitude-frequency response declines and shifts to the
region of lower frequencies. This is explained by the increasing inertness of the system to the driving force. With a larger
initial mass, the gain of amplitude-frequency response was shown to increase, while the width of the horizontal section
decreases. Further, with increased stiffness of the first elastic element, the resonance section descends even lower and
shifts towards higher frequency values of the driving force; however, the width of the section increases. Therefore, the
method of correcting the amplitude-frequency response by introducing additional mass into the structure of an oscillation
machine in order to expand its resonance zone with no additional automated devices seems promising. The obtained

results may form the basis for a calculation method for energy-efficient resonance oscillation machines.
Keywords: two-mass oscillatory system, basic parameters, dynamic characteristics, width of the resonant zone,

Matlab-Simulink
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BBEOEHUE

BubpaunoHHble MawuHbl 06nagatT  yHU-
KanbHbIMW CBOMCTBAMMW W HAXOOAT NpUMEHEHKE
B Pas3fNUyHbIX OTpacnsX MPOMbILLIEHHOCTH,
CTPOWUTENbCTBE W CENIbCKOM XO03AWCTBE. TaK,
3 dekT BNOPALMOHHOrO MCEBOOOXMKEHUS UC-
NonNb3yeTcs B MaLUMHOCTPOEHUM Ans obpaboTku
paetanen (WnndgoBaHUs 1 NONMPOBAHKSA, YNpOY-
HEHWS MOBEPXHOCTM U €e OYUCTKM) NyTem Cco-
30aHNUA BUOPOKUNALLEro Crlosi 3epHUCTOr0 Ma-
Tepvana. Bubpokunswmini cnon npuMeHsieTcs u
BO MHOIMUX APYrMx TEXHONOIMYECKMX npoueccax:
cenapauuun, TennoobmeHe, U3MenbYeHUM, ce-
rperauuy, CMeLIVBaHWW, HAHECEHWW Monumep-
HbIX MOKPbITUW, cywke W Ap. BubpaunoHHble
ahheKkTbl TakKe WMEKT MecTo B npoueccax
TPaHCMOPTMPOBaHNSA, rpoxoyeHus, ByHkepoBa-
HUSA, OO3MPOBaAHWS, YMIIOTHEHUS U paspbixne-
HUS, NpocenBaHus, pesanus u 1.4. [1].

OpHUM 13 nyTel NoBbILWEHUS dHEProadhdek-
TUBHOCTW BUOPALMOHHBIX MaLUMH SIBNSETCS UC-
nonb3oBaHWe pe3oHaHCHOro pexuma. B peso-
HAHCHbIX MallMHaxX ynpyrme u WHEPUMOHHbIE
CUMbl B3aWMHO YPaBHOBELUMBAKTCA, @ MOLL-
HOCTb MpMBOAa PacxXoayeTcsi TOSIbKO Ha npe-
oJofeHne amccunaTuBHbIX cun. [puHumnuans-
HO pe3OHaHCHas HacTpoWka No3BofseT Ha no-
PSAOK CHM3UTb NOTpebnsemytd MOLHOCTb Mpu
O[HOBPEMEHHOM YIyYLIEeHUN KOHCTPYKTUBHBIX,
AMHAMUYECKMX W 3KCMyaTaUWOHHbIX KavyecTB
MalLuHbl [2, 3].

OpHako pe3oHaHCHble CUCTEMbI UMEKOT CBOU
HegocTaTku M3-3a OCTPOTbI PE3OHAHCHOMo MiKa,
rMaBHbIM 13 KOTOPbLIX SBNSETCA HECTABUNBHOCTD
paboyero pexuma npu U3MEHEHUN Harpy3ku 1nu
4acCTOTbl BbIHYXAAlOLWEN cunbl. ATa HecTabunb-

HOCTb 4acCTO SBNSETCS MNPUYMHOW HapyLeHWs
TEXHOOrMYeCKoro npouecca, 4To NpensTcTByeT
LUMPOKOMY  BHEAPEHWUID  BbICOKOI(h(EKTUBHbIX
PE30HaHCHbIX BUOpoMaLLmnH [4—7].
CyuwecTByrowme cnocobbl crabunusaumm
PE30HAHCHBLIX PEXWMOB, Hanpumep, SBNeHue
aBTOpe3oHaHca [8], B0o3byxaeHne KombuHauu-
OHHbIX NapaMeTpuyeckux konebaHwin  unu
ynpaBneHuwe no kaHany obpatHow cBasn [9],
TpebytoT AONONHUTENbBHBIX YCTPOUCTB U CUCTEM
ynpaeneHus. [oaToMy nepcnekTuBHbIM criegyet
npu3HaTb Cnocob KOPPEeKTUPOBKM aMnnUTyLHO-
yacToTHOW Xxapaktepuctukn (A4X) 3a cuyet BBe-
LEHVS OOMNONHUTENbHOW MacChl B KOHCTPYKLMIO
BMOPOMALLUHBI C LEMbI0 paclMpeHns ee peso-
HAHCHOM 30Hbl 6e3 NpuMeHeHus cneunanbHbIX
aBToMaTnyeckux ycrtponcts [1, 10].

LIEJSTb NCCNEAQOBAHUA

OnpegeneHne BIMSHUA OCHOBHbIX Napa-
MeTpOB ABYXMaccoBoW konebaTenbHOW cucte-
Mbl Ha ee AMHaMuyeckue XapakTepucTuku, nos-
BONAOLLME PacLUMPUTb PE3OHAHCHYIO 30HY.

MATEPUWAN U METOObl NCCNEOOBAHUA

Ha puc. 1 npegcraBneHa pacyeTHas cxema
[BYXMaccoBoWn konebaTenbHON CUCTEMBI.

KonebaTenbHas cuctema COCTOUT U3 ABYX
Macc, CBsi3aHHbIX Mexay coboit ynpyrum un guc-
cunaTuBHbIM anemeHTamu. Kpome Toro, nepsas
macca Takke 4Yepes ynpyrui v guccunatuBHbIN
3MNEeMEHTbI COeUHEHa C HEMOABMXHBLIM OCHOBA-
HUEM, U K HEW NPUMOXEHA CUHYCOMAanbHas Bbl-
Hyxgatowas cuna. KoadduumeHTsl gemngupo-
BaHWS YYMTbIBAIOT MOTEPWU SHEPrUW MPU OBUXKE-
HUN CUCTEMBI.
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Puc. 1. Pacyemnas cxema dgyxmaccoeoli konebamenibHol cucmeMbl
Fig. 1. Design diagram of a two-mass oscillatory system

MNepBas macca mmuTMpyeT paboumii opraH
BMOPALMOHHOM MaLUMHbI, BTOpAs — CRYXWT Ans
koppekumn A4X.

[BuxeHne cuctembl MOXET OblTb OMUCaHO
cnegywowen cuctemon  audepeHumanbHbIX
ypaBHEHWA:

mltfu?_l_kldxl +k, (ﬂ_dﬁ)-pclxl +
¢;(x1 — x2) = QSin(wt); (1)

d? dx, _ d
S+ (G- ) o200, @

roe mp; M my — nepeas u BTopas Macchl koneba-
TeNbHOW CUCTEMBI; X1 U Xz — NEPEMELLEHNS Nep-
BOW 1 BTOPOW Macchbl, COOTBETCTBEHHO; ki M K, —
KO3(hMUMEHTBI AeMNEMPOBAHUA MacC; C1 U C;
— KO3(O(PULMEHTBI XXECTKOCTU YNpPYrnx 3femMeH-
T0B; QSin(wt) — BbIHYyXAatoLwas cuna.

YpaBHenue (1) onpenensieT nepemelLeHune
nepBon, a ypaBHeHWe (2) — nepemeLleHne BTO-
poW Macchl.

Onsa nonyveHus AYX konebatenbHow cucTe-
Mbl B cpege Matlab-Simulink paspabotaHa cxe-
Ma, koTopasi npeacTaBneHa Ha puc. 23 [11, 12].

BxogHon curHan dopmupyeTt 610k In-
put Point1, oTKNMK cUCTeMbl B BUAE aMMnMTyabl
nepemeLLeHnin Nepeon M BTOPOW Macc CHUMa-
eTca ¢ bnokoB Qutput Point n Qutput Point1 u
peructpupyetcs B bnoke Scope.

PE3YJIbTATblI UCCJIEAOBAHUA U UX
OBCYXIOEHUE

AcxooHble paHHble Ang  MMUTaLMOHHOrO
akcnepumeHta: m;=200 «kr; my,=50 «r;
€1 = 1265 kH/™m; k; = 80 He/m. YkasaHHble napa-
MeTpbl BblOpaHbl B NpuUBA3KE K CO3ZaBaEMOMY
TUNOPaA3MEPHOMY  psidy CTEHAOB, KOTOpble
yKnagblBaloTCa B pacyeTHY Cxemy, npueeaeH-
Hyt0 Ha puc. 1. J)KeCTKoCTb C; OPMEHTUPOBOYHO
onpegensieTca U3 ycrosus, Npyu KOTOPOM AOCTU-
raetca «nnato» Ha AYX konebatenbHom cu-
ctemsl [1]:

G*0 —(mrzli;nfz)z 3)

B pesynbTate MMUTAUMOHHOrO MOENUpo-
BaHua nonydveHol AYX aByxmaccoBon Koneba-
TenbHoW cuctembl (puc. 3). BepxHuin rpadmk
COOTBETCTBYET aMnnuTyae konebaHwii nepsoi
MaccChbl, HWKHUIA — BTOPOW Macchbl.

KpvBas 1 nonyyeHa no McxogHbIM JaHHbIM Y
npeactaenseT coboi knaccuyeckyto AYX aByx-
MaccoBon konebaTenbHOW CUCTEMbI C ABYMS
SPKO BbIPAXEHHBIMW PE30HAHCHBIMW  MKaMMK:
nepBbIN onpeaensieTcss COBCTBEHHOW 4acTOTOM
konebaHui NepBon Macchl, BTOPO — COOTBET-
CTBYET COOGCTBEHHOW 4YacToTe KonebaHun BTO-
poW Macchl.

3BeHbkoBud E. C., Koneco 0. b., CeHunderkos 0. b. MpakTuyeckoe MOLENMPOBAHWE AMHAMUYECKUX CUCTEM: y4yeb.

noco6. CM6.: N3a-8o «BXB-MeTtepbypr», 2002. 464 c.
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C yBenuyeHWeM YacToTbl BbIHYXAaKoLLEN
cunbl amnnutyga kKonebaHun nepBon Macchl
Ha4yMHaeT Bo3pacTaTb. Tak Kak nepeas 1 BTopas
Maccbl CBAi3aHbl mexay cobon ynpyrum ane-
MEHTOM, TO YBENWYMBAETCA amnnuTyga Kosne-
6aHuin 1 BTOpOW Macckl. o Mepe NpMbnxeHns
4acTOTbl BbIHYXAaloLWWeN cunbl K nepBon 13 cob-
CTBEHHbIX 4acToT konebaHun cuctembl Habnto-
[laeTcs peskoe yBenuyeHne amnnutyq koneba-
HUI 06enx macc — nepsbI pe3oHaHc [13-17].

[lanbHelwee NOBbILWEHNE YacTOTbl BbIHYX-
[AlOLLEN CUIbI MPUBOAUT K CHIDKEHUIO amniuTya
konebaHun obenx macc, Tak kak Habnwopaetcs
OTCTPOMKA CUCTEMbI OT MEepBOW Pe30HaHCHOW
yactotbl [18-23].

Mo mepe yBenuueHWst 4acToTbl BbIHYXAato-
Wen cunbl M NpubnnmxeHns ee KO BTOPOW U3
COBCTBEHHbIX 4acToT  KonebaHuih  cuctemsl
HabnogaeTcs BTOPOe yBeSMYeHue amnnuTyapl
konebaHui NepBon Maccbl — BTOPOW pe30HaHC
cuctembl. lpu atom amnnutyga konebaHum
BTOPO/ MaccChl Takke MOBbILAETCA, a 3aTem
AYX obenx macc acumnToTU4eckn npubnmxa-

0TCA K HYNHO.

[NoBbllweHne ko3hdmumeHTa Aemnduposa-
HUS BTOPOW MaccChbl MPUBOAWUT K YMEHbLUEHWIO
BTOPOrO PE30HAHCHOro MNuka W CriaxuBaHuio
AYX (kpuBas 2). Mpn aTom obe maccel koneba-
TENbHOW CUCTEMBI ABMXYTCS pasfenbHo.

JanbHewnwee nosblleHne AeMndmpoBaHUs
BTOPOW Macchbl TpaHCHOpMUPYeT [BYXMAcco-
BYI0 konebaTesibHy0 CMCTEMY B OQHOMACCOBY!O,
1 06e macchl ABMXYTCA COBMECTHO (KpvBas 3).

Ha puc. 3 ykasaHbl [jBe XxapakTepHble TOYKM
«a» n «b», yepes KOTopble NPOXOAAT BCe Kpu-
Bble HE3aBMCMMO OT CTerneHn aAeMndupoBaHus
cuctembl. [pu cobniogenun ycnosus (3) yka-
3aHHble TOYKM OyayT HaxoguTbCA Ha OA4HOM
YPOBHE, W, CredoBaTenbHO, CYLEeCcTByeT TaKow
KO3(PPULMEHT AemMnUpoBaHns BTOPON Macchl,
MPU KOTOPOM YKa3aHHble TOYKM COedMHSAITCS
ropusoHTansHou npsimon (kpueas 4). B atom
cnyyae Ha AYX OByXMaccoBOW CUCTEMbI MOSB-
NSAETCA rOPU3OHTamNbHbIN Y4aCTOK, Ha KOTOPOM
amnnuTyaa nepBoM Maccbl He 3aBUCUT OT Ya-
CTOTbI BbIHYXXAAOLLEN CUSTbI.

ol

_H_}.

1 i
ﬁu .,_";é I m I s L._
. Qutput Pointi
Sine Wave Input Faintt zain Integratar Integratar
2
—
Scope
o
25
1
s> | ) >
zainl Integratarz Integratarz Dutput Faint

Puc. 2. Cxema peweHus 8 Matlab-Simulink
Fig. 2. Solution diagram in Matlab-Simulink
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Puc. 3. AMnnumydHo-4acmomHas xapakmepucmuka deyxmaccoeoli kosiebamesibHOU cucmeMbl NPU Pa3aUYHbIX 3HaYeHUSAX
koaghpuyuenma demngpupoeanus ky: 1 -k, =500 He/m; 2 -k, = 1000 He/m; 3 -k, = 3000 He/m; 4 -k, = 2150 He/m
Fig. 3. Amplitude-frequency response of a two-mass oscillatory system at different values of the damping coefficient k:
1 -k, =500 Ns/m; 2 — kp = 1000 Ns/m; 3 =k = 3000 Ns/m; 4 — k, = 2150 Ns/m

PacnonoxeHune ykaszaHHOro yyactka Ha AYX
3aBMCUT OT MapaMeTpoB KonebaTenbHOW cu-
ctembl. Ha puc. 4 npeacrasneHa AYX aByxmac-
COBOW CUCTEMbI C PasfnyHbIM COOTHOLUEHMEM
Macc UM KoahuUMEeHTa XKECTKOCTU Ynpyroro
anemeHTa c;.

MapameTpbl My, My, €1 U K; SBRSATCA He3a-
BMCMMbIMU 1 BblBMpaoTCS B NPUBA3KE K CO3aa-
BaeMOMy TUMOpPasMEPHOMY psigy CTEHOOB, KO-
TOpble YKNadbIBAlOTCA B PaCYETHYD CXEMY,
npuBedeHHyo Ha puc. 1. Xectkoctb ynpyroro
anemeHTa c; onpegenserca no gopmyne (3), a
BENMUYMHa koahpmumeHTa demnduposaHus k, —
13 ycrnosus nosiefieHns Ha AYX ropusoHTanbHo-
ro yyacrka.

168

AHanM3 3aBMCUMOCTEN MOKa3blBAET, YTO C
yBENnuYyeHnem BTOpPOW Macchl (kpueas 2) AUX
OMyCKaeTCs BHU3, U FOPU3OHTAmNbHbIN Yy4aCTOK
casuraeTcs B obnactb 6onee HWM3KMX 4acTorT.
JT0 0ObsACHSAETCS TEM, YTO CMCTEMA CTaHOBWUT-
cs bonee MHEPTHON MO OTHOLUEHMIO K BbIHYX-
fatowen cune. lNpy yBenmyeHnn nepeoi Maccel
(kpmBasa 3) koapuumeHT ycunenus AYX no-
BbILLAETCH, a LWMPUHA rOPU3OHTANbHOrO yyacTka
yMeHbLuaeTcs. C yBenIMyeHnem XecTkoCcTu nep-
BOrO YNpyroro anemMeHTa ropu3oHTanbHbIN yya-
cTok AYX onyckaeTcs elle HUXe 1 casuraeTcs
B CTOPOHY 60nee BbICOKMX 3HAYEHWA YacToThl
BbIHYXXJatoLen cusbl. [pyn 3TOM WMpUHA yyacT-
ka Bo3pacTaeT (kpusas 4).
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Puc. 4. AMnnumydHo-4yacmomHas xapakmepucmuka deyxmaccoeoli kosiebamesibHol cucmembl
npu pa3nuyHOM COOMHOWEHUU Macc U Ko3ghguyueHma xecmkocmu ynpy2o2o asneMeHma c1:
1-m1=200 kr; m, = 50 kr; ¢; = 1265 kH/m; c, =202kH/m; ki =80 Hc/m; k, =2150 He/m
2-my=200 kr; m, =100 kr; c; = 1265 kH/M; c, =281 kH/m; k; =80 He/m; ko = 5150 Hc/m
3-my =300 kr; m,=50 kr; c; = 1265 kH/m; c, =155 kH/m; ki =80 Hc/m; k. = 1600 Hc/m
4 -my =200 kr; m, =50 kr; c; = 2650 kH/m; c,=424kH/m; k; =80 Hc/m; k, =3100 He/m
Fig. 4. Amplitude-frequency characteristic of a two-mass oscillatory system

under different ratio of masses and stiffness coefficient of the elastic element c1:
1-my=200kg; m,=50kg; c1=1265kN/m; c, = 202kN/m; k1 = 80 Ns/m; k = 2150 Ns/m
2-mj; =200 kg; mp=100kg; c1 = 1265 kN/m; c2 = 281 kN/m; k1 = 80 Ns/m; k,= 5150 Ns/m
3-mj =300 kg; my=50Kkg; c1 = 1265 kN/m; ¢, = 155 kKN/m; k1 = 80 Ns/m; k, = 1600 Ns/m
4-my=200Kkg; m,=50kg; c1=2650kN/m; c, = 424 KN/m; k1 = 80 Ns/m; k, = 3100 Ns/m
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