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Amwmauuﬂ. ‘YMeHbIlICHUE BEIMYHHBI JAUHAMHUYCCKHX Harpy30K, BOSHUKAIOIIUX TP pa60Te MaIlluH BOO6HI€ 1 METAJUTYPTUYCCKUX B YACTHOCTH, ABJIACTCA

OJIHOHM M3 OCHOBHBIX 33/1a4 OOIIEH MPOOIeMbI TOBBIIICHNS MX HaJIEKHOCTH M JJOJITOBEYHOCTH. [IpoBeieH aHamM3 paboThl PhIYaXHBIX MEXaHU3MOB
IIEKOBO# IPOOHIIKY, MMEIOLINX BHYTPEHHHUE CTETIEHH CBOOOIBI, KOTOPbIE 00YCIIOBICHBI HAJMYMEM 3a30pOB B LIapHUpax. Hanmuune HeypaBHOBEIICH-
HBIX CHJI HHEPLIMH JIBIDKYIUXCSI Macc IPH paboTe KPUBOIIUITHO-KOPOMBICTIOBOTO MEXaHM3Ma IIPUBOJIUT K Pa3MbIKaHHUIO KOHTAKTHBIX IOBEPXHOCTEH
B COWICHEHHUSIX IIATyHa ¢ KPHBOIIMIIOM M K HOCJIEIYIOLIEMY HePeCONPsDKEHUIO pabourX MOBEPXHOCTEH ITOH KHHEMATHUECKOH Taphbl, KOTOPOE CO-
IIPOBOXKAACTCS COYAAPCHUEM MacC MOJIBIDKHBIX 3BEHbEB. BO3HHKAIOT 3HAYMTENbHBIC TMHAMUYCCKAEC HATPY3KH, SBISIONIMECS IPHINHON ITOJIOMOK
JieTajieil HCIIONHUTEIBHOTO MEXaHH3Ma M MCTOYHUKOM YIIPYTUX KoJeOaHui (BUOpaluii) 1 TeHepaliy BPeIHbIX aKyCTHYeCKuX Konebanuii. C nembio
YCTpaHEHHMS BIUSHUS 3a30pOB B IIapHUPaX Ha BOSHUKHOBEHHE JIOIOJHUTEIBHBIX JUHAMUYECKHX CHII HEOOXOIMMO BBISIBUTH 3aKOHOMEPHOCTH TOSIB-
JICHUS UMITYJIbCHBIX HAarpy30K. 3aKOHOMEPHOCTH TOSABJICHUS TaKUX HAarpy30K B KPUBOIIMITHO-KOPOMBICIOBBIX MEXaHH3MAX C 3a30paMU B COUJIECHE-
HUSAX KHHEMAaTHYECKHX Iap M3-3a HapYILCHUs KOHTAKTa B Pe3yJbTaTe HepeconpspKeHHsT pabounX ITOBEPXHOCTEH yCTaHABIMBAIOTCS YTEM KHHETO-
crarndeckoro aHanusa. [IpoBenen ananu3 paboOThl MIAPHUPA KPHBOLIMI — IIATYH € 3a30pOM KPHUBOLIMITHO-KOPOMBICIOBOTO MEXaHM3Ma LIEKOBOIi
npobunku. Ha 0CHOBaHMH NOJTy4EHHBIX PE3yJIbTaTOB OIPEAENICHO, YTO YCIIOBUEM HapyIICHHs KOHTAKTa B COYWICHEHHH JIEMCHTOB KHHEMATHYECKOM
napbl KPUBOILMII — LIATYH SIBJISETCS epeMeHa 3Haka CHIIbl peakiuu. [lepeber 3a3opa B mapHUpe KPUBOLIUII — LIATYH IIPOUCXOIMT, Koria 00a 3BeHa
HaxoAATCs Ha OHOM JmHUK. Onpe/ieneHne MONI0KECHNH 3BeHbeB MEXaHN3Ma, IPH KOTOPBIX IIPOUCXOAUT HEePECONPsDKEHHE KOHTAKTHBIX IIOBEPXHOC-
Tell IIapHMpa KPUBOLIUII — IIATYH, NMO3BOJSET PALMOHATIBLHO HCIOIb30BaTh MEXaHM3MBI Ul BHIOOPKM 3a30pPOB C YIPYTHMH 3JIEMEHTaMH, KOTO-
pBIE B TEUCHHUE BCETO LUKJIA padOTHl KPUBOIIHITHO-KOPOMBICIIOBOTO MEXaHM3Ma BBIOMPAIOT 3a30p B COWICHCHUH KPHUBOIIUII — IIATyH M TEM CaMbIM
NPEAOTBPAILAIOT HOSBICHHE IOMOTHUTENIBHBIX AUHAMHYECKUX HArpy30K. [Ipy 5TOM MOBBINIAeTCS HAAKHOCTb PAOOTHI IIEKOBOH IPOOMIIKH B LIETIOM.
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YMEHBIIICHHE BEIUYMHBl TUHAMHYECKHX HArpy3oK, BO3-
HUKAIONINX MPH paboTe MAIFH BOOOIIE U METAITYPTUYECKHIX
B YaCTHOCTH, SIBISICTCS ONHOM W3 OCHOBHBIX 3alad OOIIei
POOIIEMBI TIOBBIIIIEHNS UX HAJEKHOCTH U JOJITOBEYHOCTH.

[lexoBble OPOOUIKU CIyKaT I M3MENBICHUS Marte-
puana. B aTux npobnikax Marepuas H3MeIbIaeTcs 3a CUeT
pa3naBIMBaHUs, PACKAJIBIBAHHUSA W YaCTHYHOTO MCTHPAHUS
B IIPOCTPAHCTBE MEKAY IBYMS IICKaMH IPH UX HECPHOIH-
yeckoM cOonmxenuu [1 — 10].

Xapakrep IBWXKCHHS IOIBWKHOM IIEKW 3aBUCHUT OT
KHHEMaTHYECKHX OCOOCHHOCTEH MeXaHH3Ma IIEKOBOWM
OpoOMiIKy. 3a BpeMs MCIIOIb30BaHMS IEKOBBIX APOOHIIOK
OBLIO MPEATIOKEHO U OCYIIECTBICHO OOIBIIOE KOIUIESCTBO
CaMbIX pa3HOOOPa3HBIX KHHEMATHYECKIX CXEM MEXaHH3Ma
JIPOOMITOK.

B ocHOBy kiaccudukanuy meKoBBIX APOOWIIOK, TIpe-
noxennoi b.B. KnymanueBbim [9], mojokeH Xapakrep
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JIBUKEHUS TOJBUKHOM LIEKH, TaK KaK UMEHHO OH Ompe-
JeNsieT BaKHEHIINEe TEXHUKO-DKOHOMUYECKUE HapaMeTphI
npobusiok. [Ipu Bcem MHOrooOpa3uu MpUBEIEHHBIX B Kilac-
CHU(UKAINH KHHEMAaTHIECKUX CXEM MEXaHW3Ma KadaHWs
MOJBM)KHOM IIEKH ClieyeT OTMETUTh, YTO BCE OHM pea-
JM3YIOTCS C MCIIOJB30BAaHUEM B KOHCTPYKIMH IIAPHUPOB,
KOTOpBIE 00€CIeUrBaOT NOABMKHOCTD JeTajeil MallluHBI.
Hanbomnee pacmpocTpaHeHHBIM MEXaHH3MOM KadaHUS
MOJBM)KHOM IIEKHU SIBIIIETCS] KPUBOLIUITHO-KOPOMBICIIOBBIH.
Hannane HeypaBHOBEIIEHHBIX CHJI HHEPIUH IBIDKY-
IMXcsk Macc Npu paboTe KPUBOLIMITHO-KOPOMBICIOBOTO
MEXaHN3Ma IIPUBOIUT K Pa3MBIKAHHIO KOHTAKTHBIX IOBEPX-
HOCTEH B COWJICHEHHUSIX IIaTyHa C KPUBOLIUIIOM, K MOCIe-
JYFOIIEMY TIEpECOTIPSHKEHUIO pabOvHX MOBEPXHOCTEH ATOM
KMHEMAaTU4YeCKOl Maphl, COMPOBOXKIAIOIIEMYCS coydape-
HHEM MacC IOJIBI)KHBIX 3BEHHCB M BO3HHKHOBEHHIO 3Ha-
YUTEIbHBIX TUHAMUYECKUX HArpy30K. DTH Harpy3KH U sB-
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JISIIOTCSI TIPUYMHON TOJIOMOK JIeTajel HCIOIHUTEIBLHOTO
MeXaHu3Ma, ICTOYHUKOM YIPYTUX KojeOaHwid (BHOparuii)
U TeHEPAIH BPEIHBIX aKyCTHUECKUX KOJICOaHHH.

B mexann3max ¢ 0e33a30pHBIM COCAWHEHUEM KHHEMa-
TUYECKUX Tap (TaK Ha3bIBAEMBIX «UACATBHBIX») MPAKTU-
YEeCKH BCE€ HOPMAJBHBIC CHIIBI, JACHCTBYIONINE Ha JIETAIH,
MOKHO OTHECTH K KBa3HCTaTUYECKUM.

PeanpHBIE MEXaHU3MBI BCerga HMEIOT BHYTpPEHHUE
CTENIEHH CBOOOJBI, CBA3aHHBIC ¢ HAJIMYUEM 3a30POB B KH-
HEMaTHYECKHUX TMapax, a TaKkKe ¢ MMEIOMIMMUCS TOTPEemI-
HOCTSIMM M3TOTOBJICHUS] — TIOTPELUTHOCTAMH (POPMBI COTIPsI-
TaeMBIX JJIEMEHTOB JeTaleld M IOTPEUIHOCTSIMH COOPKH.
OTH 00CTOSITENBCTBA SBISIOTCS CYIIECTBEHHBIMH, TaK Kak
00yCIIOBIIMBAIOT COyIAapeHUE NEeTajied BO BpeMsI HX OTHO-
CUTEJIBHOTO JABWKEHUS B 3a30pe MpH paboTe MeXaHU3Ma U,
KakK CJICACTBHE, BOSHUKHOBEHHE MONOTHUTEIHHBIX IHMHA-
MHUYECKUX Harpy3ok [11 —19].

TouHOEC aHANUTHYECKOE pEIICHHE 3aJaddl OIpeaese-
HUSI BEJIMYMHBI HArPy30K, BO3HUKAIOLIUX MPU COYIAapEeHHU
SNIEMEHTOB KHHEMATHYECKUX Tap, TpeOyeT pelIeHHs CHC-
TEM CIOXHBIX HETUHEWHBIX MU depeHINATBHBIX YpaB-
Henuii [12]. OpHako mpW BBISIBICHUH 3aKOHOMEPHOCTH
MOSBIICHUS UMITYJBCHBIX HArpy30K M BBI3BIBAIOMIMX HX
MPUYMH BO3MOXKHO IPUMEHEHHE JIMHEHHBIX YpaBHEHHH.
C0O0TBETCTBEHHO, BO3MOXKHA Pa3pab0TKa KOHCTPYKTHBHBIX
peleHnH, IpeaynpekIaloiX BOSHUKHOBCHNE HMITYIbC-
HBIX Harpy3oK.

3aKOHOMEPHOCTH TIOSBJICHUS HMMITYIBCHBIX HArpy30K
B KPHBOIIUITHO-KOPOMBICIIOBBIX MEXaHH3MaxX C 3a30paMu
B COWICHCHUSIX KHHEMATHUECKUX Iap M3-3a HAPYIICHHS
KOHTAKTa B Pe3yJbTaTe MepeconpssKeHus: pabounx MoBepX-
HOCTEH YCTaHABIUBAIOTCS KUHETOCTATUUECKUM aHAIA30M
CIIEIYIOLIM 00pa3oM.

IIycTb KOHTaKT »3IEMEHTOB KHHEMATUYECKOW Maphbl
KPHUBOIIUI —IIATYH MexaHu3Mma (puc. 1) ocymiecTBuser-
cs1 BTOouke A. Torma nanpHENIIee IBMKEHHE JIIEMEHTOB
MOXeT OBITh JBYX BHIIOB: C COXPAHEHHEM MEXAY HUMH

Puc. 1. Cxema CHul1, HCﬁCTByIOHIHX Ha AaTyH IIpU IIPOU3BOJIBHOM I10JIO-
KCHHUH 3JICMCHTOB

Fig. 1. The scheme of forces acting on crank rod at random position of
the elements

KOHTaKTa WJIM C €ro HapymeHueMm. 1o ecTh MpH HEKOTO-
PBIX HOJO)KEHUSX 3BEHbEB MEXaHU3Ma ITPOUCXOAUT OTPHIB
Hajblla KPUBOIIUMIA OT OOOMMBI IIaTyHa, B pe3ynbTare
KMHEMaTH4ecKasl Lellb pa3pblBaeTcs U ABM)KEHUE 3BEHb-
€B MPOUCXOAMT HE3aBUCHUMO APYT OT Apyra g0 TeX IOp,
NoKa KHHEMaThyeckas Lienb BHOBb He 3aMkHeTcs. Ilpu
JTOM INPOM3OMUIET COylapeHHe, IMOCKOJIBKY CKOPOCTh OT-
HOCHUTEJIbHOTO JABM)KEHMS Nasiblia KpUBOLIMIA B 00oiime
1IaTyHa He paBHa HYIO.

Tak kak cuiia IeHCTBHS TPOXOIUT Yepe3 IIEHTP 000MMBI
MIaTyHa ¥ JeUCTByeT 1o ero ocu [20], TO Touka KOHTaKTa
IIaTyHa ¢ KPUBOLIMIIOM IPU NPSIMOM XOZ€ COBHANAeT C
TOYKOW THEepecedeHus] OCH IIaTyHa ¢ 000WMOM u3-3a TOro,
YTO NPU TAKOM NOJOKEHUH HE BO3HUKAET CHJIBI, CTpeMS-
Hlel‘/‘ICSI CABUHYTH IMIATYH OTHOCUTECJBHO Majblla KPUBO-
muna (To4ka COCTOSHUSI paBHOBECHS). AHAIOTUYHO, TPH
00paTHOM XOJle TOYKAa COCTOSHUSI PAaBHOBECHS HAXOIUTCS
C TIPOTHUBOTIOIOKHOM CTOPOHBI O00MMBI Ha JTMHUH MTPOIOJI-
JKEeHHS OCH IIaTyHa.

OnHaxo B mporecce padoThl KPHBOIIUITHO-KOPOMEBICTIO-
BOT0 MEXaHM3Ma Majell KPUBOIIUIIA TOCTOSHHO CMEIaeTCs
OT TOYKHU COCTOSIHUSI PaBHOBECHSI 110 AEUCTBUEM KPYTSLLE-
TO MOMEHTA OT NPpUBOAA U MPOUCXOAUT MPOCKAIb3bIBAHUC
naJypla mo oboime maryHa. Torna cuity R, NefCTBYIONIYTO
Ha IIaTyH CO CTOPOHBI KPUBOIIMIIA ITOA IIPSMBIM YIJTIOM,
MOXKHO Pa3JIOKUTh Ha JBE COCTaBJstonIue (puc. 2): HOp-
MaJIbHYIO R, HAMPaBJICHHYIO BIOJb OCH IIATyHA, U TaH-
T€HIHUAIBHYIO RT, JICHCTBYIONIYIO 10 KacaTeJbHOH K 000K-
M€ HIaTyHa B Touke 4. OTa cuia U CTPEMUTCS CIBHHYTH
LIaTYH B IOJIOKEHHE PAaBHOBECHS.

Hampasnenue nelictBust cunbl R, mpoxopsied uepes
IEeHTp 00OWMBI MIATyHa, CMEIAeTCsl OT OCH ImaTyHa [21],
a U1l OTIpEACIICHUS €€ BEJIMYNHBI HGO6XOI[I/IMO MNpUpPaBHATH
HYITIO, COMTacHO mpuHImITy Jlamambepa, CyMMy MOMEHTOB
CUJI, IEHCTBYIOIIMX HA IIATyH, C Y4€TOM CHJIbl MHEPLUH
IIaTyHa W €ro MOMEHTa MHEPLMH, a TAaKKe Beca IIaTyHa,
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Takum 06pa3oM, P 3aJaHHBIX TEOMETPUIECKUX U KH-
HEMaTUYeCKUX MapaMeTpax KPpUBOLIMITHO-KOPOMBICIOBOIO
ME€XaHnN3Ma paCCYUTHIBACTCA BEJIMYNHA CUJIbI pEAaKIIUU Ipr
Pa3IMYHBIX MTOJIOXKEHUAX KPUBOILIUIIA.

B 10 ke BpeMs, U3 aHaIM3a ypaBHeHU (2) U puc. 2 BUa-
HO, uTO Tipu ©® = kit (tme K — 11es10e 9mcIto) yroa T MeHseT
3HAaK, MMPOXOJs Yepe3 Houb, rae sint = 0. CremxoBareibHo,
CWJIa PEeaKklMU MEHSeT HalpaBjeHHE, IIPU 3TOM TOYKa CO-
CTOSIHUSI PABHOBECHUSI MEPEMEIIAETCS] Ha MPOTHBOIOJIONK-
HYIO CTOPOHY OOOHMBI maryHa. B 3THX TMOJOXEHUSIX Ha-
pylaeTcs KOHTaKT U MPOUCXOAUT CBOOOTHOE ABMKEHHE
najblia KpUBOLIMIIA B IIOJIE 3a30pa, KOTOPbI IpH BoOC-
CTAaHOBJICHUU KOHTaKTa yrapserca o0 o0oiiMy IIaryHa,
BbI3bIBAas HMMIYJIbCHYIO Harpy3ky. OTcioma cienyer, 4To
YCJIOBUEM HApYHICHUSA KOHTAKTAa B COYJICHCHUH 3JIECMCHTOB
KMHEMaTH4YeCKOM Mapbl KPUBOLIMII — IIATyH SBJSETCA Ie-
peMeHa 3Haka cuiibl peakimu. Ilepeber 3a30pa B mapHUpe
KPUBOLLIUI — [IATyH IPOUCXOJUT, KOT1a 00a 3B€Ha HaXOIAT-
Csl Ha OJJHOM JIMHUH.

[Ipu coymapeHHH 3JIEMEHTOB ILIAPHUPOB BO3MOXHBI
MHOTOKPAaTHBIE UX OTCKOKH C MOCIIEAYIOLUINM COyHapEeHU-
€M, BbI3BaHHbIE YIIPYTHMHU CBOHCTBAMH 3BEHBEB.

Bb1600b. Onrcana mpuYMHA BO3HUKHOBEHHS JOIOJ-
HUTEIHHBIX TUHAMHYECKUX CHI TpH padoTe IIapHHPOB
c 3a3opamiu. IlpoBeneH aHamu3 paboThl MIApHHUpPA KPHUBO-
LM — [IATYH € 3a30pOM KPUBOLIMITHO-KOPOMBICTIOBOTO Me-
XaHU3Ma MEKOBOH Apobuiky. Ha ocCHOBaHNY MOTyYEHHBIX
Pe3y/IbTaTOB ONPEAEIIEHO, IPU KaKUX MOJIMKEHUSIX 3BEHBEB
ME€XaHn3Ma NPOUCXOAUT MEPECONPAKECHUEC KOHTAKTHBIX 110~
BEPXHOCTEH IIapHUpa KPUBOLLIUI — IATYH.
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MATHEMATICAL MODEL OF CRANK-TYPE JOINT CLEARANCE OVERTRAVEL ASSESSMENT
IN OSCILLATING CRANK DRIVE OF JAW CRUSHER

A.G. Nikitin', A.V. Abramov', V.V. Garyashin*

!Siberian State Industrial University, Novokuznetsk, Kemerovo
Region, Russia

2LLC “SpetsSvyazOborudovanie”, Novokuznetsk, Kemerovo Region,
Russia

Abstract. The magnitude decrease of the dynamic loads that arise during
the operation of machines in general and metallurgical ones in par-
ticular, is one of the main tasks of general problem of increasing their
reliability and durability. The analysis of work of lever mechanisms
of jaw crusher with internal degrees of freedom conditioned by pre-
sence of clearances in hinges, was made. It has shown that presence of
unstable forces of locomotive masses inertia during work of oscillating
crank drive results in breakage of pin surfaces in joint of piston-rod
with a crank, and in subsequent change of working surfaces of this
kinematics pair, followed by hitting of the masses of movable links
and in generation of considerable dynamic load, providing the reason
of breakages of details of executive mechanism and the source of resi-
lient vibration (vibrations) and harmful acoustic vibration generation.
With the purpose of removal of influence of clearances in hinges on the
origin of additional dynamic forces it is necessary to reveal regulari-
ties of impulse loads appearance. Regularities of such loads appear-
ance in crank-type mechanisms with clearances in joints of kinematics
pairs, caused by contact fault as a result of change in working sur-
faces contact, can be determined by kinetic static analysis. Analysis
of work of crank-type hinge with clearance of oscillating crank drive
of jaw crusher was conducted. Based on the analysis results it was
determined, that contact fault in joint of crank-piston-rod kinematics
pair elements is conditioned by change of sign of reaction force. Clea-
rance overtravel in a crank-type hinge takes place when both links are
on one line. Determination of mechanism links positions, at which
there is interconnection of crank-type hinge contact surfaces, allows
to use mechanisms rationally for selection of clearances with resilient
elements that during all work cycle of oscillating crank drive choose
clearance in crank-type joint and prevent additional dynamic load oc-
currence. That promotes reliability of jaw crusher operation in whole.

Keywords: jaw crusher, oscillating crank drive, hinge, clearance, surfaces

interconnection, additional dynamic forces.
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