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KOMIBIOTEPHOE 3D-MOJAEJUPOBAHUE KOHCTPYKIIUI
N KNHEMATHUYECKHUX TAPAMETPOB IINTAHETAPHBIX MAJIOI'ABAPUTHBIX IEPEJAY

Kano. mexu. nayx, 0ooy. A.B. KAIIHTOHOB; K.B. CACKOBEI], A.1. KACbIHOB
(Benopyccko-Poccuiickuii ynugepcumem, Mozuneg)

IIpeocmaenenvl paspabomantvle a8mMopamu KOHCMPYKYUU U KOMHbIOMeEpHble MOOenU 0OHOCHYNeHYd-
MBIX U 08YXCMYNEHYAMBIX PAOUATLHO-NILYHHCEPHBIX WAPUKOBbIX pedyKmopos. Paccmampusaemcesa mooenuposa-
HUe MHO20CMYNeHYambslx pedyKmopos, KOmopoe 8bINOIHALOCH C UCNOAb308AHUEM PA3PADOMAHHO20 MOOYIbHO20
NPUHYUNGA ABMOMAMUSUPOBAHHO20 NPOEKMUPOBAHUS. [N OyeHKU KUHeMAmuKy U OUHAMUKU UCCTIe0yeMblX nepe-
oau paspabomansvl Mooenu, no38oagouUe onpedeums y2io8ylo CKOPOCHIb, Y2l080e YCKopeHue, CUbl U MOMeH-
mbl 8 nepedayax 8 YCiosusnx, OIU3KUX K IKCHIYAMayuoHHuIM. /[ OyeHKU KUHEMAmU4eckol mo4HoCmu nepeod-
yu pazpabomana mooenb u NOJYYeHbl Yei08ble nepemMeuyerust 8bIX0OH020 8Ald PeOYKMOPA ¢ MOOeIUpyemou Ha-
epysxou. [Ipoananuzupoean amniumyoHO-4aCmoOmHblll CReKMp, NOIYYEHHbIU PA3NONCEHUEM DYHKYUU KUHEMA-
MUYECKOU NOZPeUtHOCIU NIAHEMAPHOU PaouaibHO-NIyHICePHOU nepedayu 6 pso Dypuve.

Knrwouesvie cnosa: nianemaphnas manocabapumuas nepeoaid, KOMIbIOMEPHOE MOOeIUuposanue, Kume-
mamuyeckas u OUHAMUYecKass MoOeu.

B npuBomax MammH M MEXaHH3MOB IIMPOKO HCIIONB3YIOTCS MexaHHUYeckue nepenaun. CoBpeMeHHas
MPOMBIIIJICHHOCTh BCE OOJIBINE HY)KIAeTcs B MalOTa0apUTHBIX Iepefadax C IMIUPOKAMH KHHEMATHYECKIMH
BO3MOKHOCTSIMH B YaCTH JOCTH)KEHHUS OOJIBIIMX TEepeNaTOYHBIX OTHOMmeHWH. CHIDKCHHE MaTepHalOeMKOCTH
MAalllH U TPYIOEMKOCTH UX U3TOTOBJICHHUS SIBJISIETCS] BaXKHOM 3aJaueil Mo co3gaHuio HOBOU TexHUKH. [Lnanertap-
HBIC TIEpE/Iavyd C IPOMEKYTOUYHBIMU TEJIAMH KaYCHHUS IIAPUKAMU U POJIMKAMU MMCIOT HEOOJbININE rabapuTHBIC
pa3Mepbl, OOJbIIUE MEPEIATOYHBIC OTHOMICHHS B OJTHOW CTYIICHH, MAJIbIe OCEBBIC Pa3Mephl, a TAKIKE HEBBICOKYIO
CTOMMOCTh M3rOTOBICHHS. J[iIst 3TUX mepenay paHee ObLIM MPOBEICHBI PACUCTHI M MCCICIOBAHUS X FCOMETPH-
YEeCKHX MapaMeTpoB, CHII B 3allCIICHUH, IPOYHOCTHBIC pacdeTsl, mposeneHa onenka KI1J[. OmHako knHeMaTu-
YEeCKHe XapaKTEePHUCTHKH IepeIad, Takue KaK YIIIOBBIE IIepEeMEIIeHHs, CKOPOCTH U YCKOPEHHUS, a TaK)Ke KIMHEeMa-
THUYECKasl MOTPEIIHOCTh MPH pabodel Harpyske, XapaKTepHU3YIOIIascs HOpMaMH KHHEMaTHYECKOH TOYHOCTH H
TUTAaBHOCTH Pa0OTHI, elle HeAOCTaTOYHO W3y4eHBI. Malo H3y4eHbI M CIIOCOOBI M3TOTOBJICHUS Hanboee OTBETCT-
BEHHBIX JCTaNCH 3aICIUICHHS C MIEPUOANICCKIMHU OCTOBBIMU JOPOKKAMU.

Hawuboznee nonHOE HUCCIeIOBaHHE COBPEMEHHBIX THUIIOB TOPIOBBIX TUIAHETAPHBIX IAPUKOBBIX U POJIMKOBBIX
nepeaay nposeaeno M.®. [TamkesuueM. B ero paborax Obuia pemieHa mpodiema CO3IaHKsI OCHOB MPOSKTHPO-
BaHMS IUTAHCTAPHBIX IAPUKOBBIX M POJHMKOBBIX Tepeay TOPIIOBOTO THIIA, OTHOCSIIASCS K Pa3psay BaXKHBIX MPO-
OneM B €€ OCBOCHUS TaKUX Iepelad U B paMKax OIMBITHBIX 00pa3loB, M HA YPOBHE CEPHUITHOTO IPOM3BOCTBA.
Y4eHBIM MpeIoKeH HOBBIN THIT TUIAHETAPHBIX MIAPUKOBBIX M POJMKOBHIX Iepeaad — IUIaHEeTapHBIE KyJIadKOBO-
TUTYHDKEpHBIE TIepeiadn, 00heIHHIONINE PaInaIbHO-TUTYHKEpHBIC (B MPOCTEHIIEM CIIydae — SKCICHTPHKOBBIE)
U aKCHAITbHO-TUTYHXKEePHBIE Mepeaadn. B HacTosIee BpeMst HCCIIeIOBaHMs ATHX Mepenad mpoaosnkaroTes [1].

OcHoBHas yacThb. [1aHeTapHble IAPUKOBBIE U POJIUKOBBIC MEPEAAYN HE3aBUCUMO OT KOHCTPYKTUBHOTO
UCIIOJTHEHUS 001aat0T OOIIMMU MPU3HAKAMHU: OHU COJICPIKAT CATEUTUTHI B BUJC INAPUKOB MM POJIMKOB, Cera-
paTopbl — BOAMIIA AJISl pa3MEICHHsI CATeJUIMTOB, CHAOKCHHBIC POPE3sSIMH, a TAaK)KE MA30BbIC WM Nepudepuye-
CKHE KyJIauKH, 00pa3yonie JOPOXKKH I caTeIINTOB. [Ipn paboTe mepeaay MIapuKy MIH PONUKH BBITIOTHSIIOT
GYHKIIMH TONKATeNICH KyMadKOBBIX MEXAHM3MOB, & MX Cemaparopsl (BOmwia) — GYHKIMH HATPABISIONIAX OTHX
MeXaHU3MOB. TakuM 00pa3oM, Kaxaast U3 MPOCTEHINX IUIaHETAPHBIX MIAPUKOBBIX M POJMKOBBIX Mepenad MOXKET
OBITH MOJTy4YeHa MyTeM OOBEITUHEHHS IBYX KyJauyKOBBIX MEXaHM3MOB B €IMHBIH MEXaHW3M C OOLIMMH TOJIKATEIs-
Mu. OObEAMHCHUEM TPEX U 00JIee KYJIAYKOBBIX MEXaHU3MOB MOTYT OBITH IOJIyYCHBI 00JICE CIOXHBIC IO KHHEMA-
THUKE THUIIBI TUIAHETAPHBIX TIepeay ¢ IMaPUKOBBIMU M POJIUKOBBIMU caTesutuTaMu. CO3JJaHbl Pa3IMYHbIC THITBI TAKUX
nepe/iay, OTIINYAIOIIMECS KOHCTPYKTHBHBIMU MPHU3HAKAME 00pa3yIoIINX UX KYIa4KOBBIX MexaHu3MoB [1; 2].

[TnaneTapHble KyJauyKOBO-IUTYHXKEPHBIC IEpENavyd NPEACTABISIOT COOOW KOHCTPYKTHBHYIO Pa3HOBH/I-
HOCTh TUTAHETAPHBIX MIAPUKOBBIX MM POJIMKOBBIX Tepenad ToprioBoro tuma [1]. OHu comepkat nBa Kyaadka,
MEXIy KOTOPBIMH B HAIIPABIIAIONINX WK CeTapaTope pa3MeNIeHbI INTyHXephl. PaananpHO-TUTYyH)XXepHas nepena-
Ya COJCPXKHT KYJIadOK, CBSI3aHHBIN C BEAYIIHM BaJIOM, KyJIa4dOK, MPEICTABIIONINNA co00il IIEHTpaTbHOE KOJIEeCOo
C IEpHOIMYECKIM NMPOo(dHIeM Ha BHYTPEHHEH MOBEPXHOCTH, CEapaTop M ITyHxKepsl. [Ipu BpameHnn BeayIero
KyJia4yka ILUTYHXXephl IePEeMEIIAI0TCS B PaIlaabHOM HAIIPABICHUU.

Jiist onieHKH pabOTOCIIOCOOHOCTH M YCTAHOBIICHUS ONTHMAIBHBIX TEOMETPHYCCKIX TTApaMeTPOB pa3pado-
TaHbl KOHCTPYKIUHU U KOMIIBIOTEPHBIC MOJCIH OJHOCTYIEHYATHIX M JIBYXCTYICHYATHIX PaIUalIbHO-TLUTYHKCPHBIX
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MIAPUKOBEIX PEIYKTOPOB C MEPEeNaTOYHbIMH OTHOHICHUAMU OT 6 10 900 u 3HaYeHUsIMU TiepeaBaeMOi MOIIHO-
cru 1o 1,5kBr [3; 4].

Ha pucynke 1 nokazana 3D-mozenpb pa3paboTaHHOTO MJIAHETAPHOTO PaIHaIbHO-IUTYHKEPHOTO PEILYKTO-
pa, BeimonueHnas B SolidWorks.Peaykrop nmeer onny cryness. IlepeatouHoe OTHOIIEHHE PaBHO ceMu. Pe-
JIYKTOP COCTOMT: U3 Baya Bexymiero 1; sxcuentpuka 2; cemapatopa (Boamio) 3, BBIOJIHEHHOTO BMECTE C BbI-
XOJIHBIM BaJIOM; LIEHTPAJIbHOTO KoJjieca 4; MOAUIMIHUKA BEAYLIEro 3BeHa D, YCTAHOBJICHHOIO Ha JKCUCHTPHK;
OTMOPHOTO MOJIIMITHIKA 6 ISl yCTAHOBKH BEAYIEro Bajia B OTBEPCTHE CEMaparopa; UIapoB-CaTeILIUTOB 7.

Pucynok 1. —Mojeiib 0JHOCTYIIEHYATOrO IJIAHETAPHOT'0 PAIHAIbLHO-TLTYHKEPHOT'0 pelyKTopa

Ipu BpamieHun BeayIero Bana 1 SKCHEHTPHK 2, YCTAHOBJIEHHBIM HA 3TOM Bajly ¢ MOANIMIHUAKOM 5, BO3-
JEMCTBYIOT Ha ILAPbI-CATEIUIUTHI 7, BXOMAIIME B 3aLEIICHUE ¢ MHOIONEPHOIHOM TOPOKKON Koseca 4 u oTBep-
crusmu cenaparopa 3. KoiM4ecTBo mapoB paBHO CEMH, M Ha €IMHUILY OOJIbILE, YEM KOJIUYECTBO MEPUOIOB 10~
POXKKH KoJieca 4, O3TOMY 3a OJMH 000POT BEAYILIEro 3BEHA CHCTEMA IIAPOB MOBEPHETCS COBMECTHO C Cemapa-
TOpOM 3 Ha OJMH YIJIOBOW IEPUOJ MHOTONEPHUOIHON MOpokKH Koieca 4. IIpu 5ToM oOecreunBaeTcs mnepena-
TOYHOE OTHOILEHHE OJHOM CTyreHu i, paBHoe 7. Ha pucynke 1 nmokasad OIMH psijl [IAPOB, YCTAHOBJIEHHBIX B
OTBEPCTHUSX cenaparopa. [l yeTpaHeHus qucbanaHca B repeaade MOKET ObITh YCTAHOBJIEH BTOPOH psijl LIAPOB,
PAacCIIOJIOKEHHBIX B OTBEPCTHAX cenaparopa 3 B MPOTHBO(A3€E SKCIEHTPUCHTETY SKCIIEHTPUKOBOTO BEAYIIETO 3BEHA.

B cucreme SolidWorks6sutn paspaboTansl MOJETH OCHOBHBIX JeTajieil peaykropa. Takke GbUIM cMojie-
JIMPOBAHBI IPYIUe AETAIH PEAYKTOpA, B TOM uKcie U yHuduuuposanusie. B CAD Moaylie porpamMmbl mojyye-
Ha MOJIENIb COOPKM PEAYKTOpa M NPOBEeHa POBEPKa COOPKM HA HAJIMYKME 3a30POB M MHTep(epeHInn aeTajeit
NPY MOJIEIMPOBAHNY BPAIIECHHS, TAK KaK MEPECEUCHUE KOMIIOHEHTOB MPUBOANT K 3aKIMHHBAHUIO Y3JI0B MeXa-
HM3Ma [pH paboTe, a GOJIbLIME 3a30Pbl YXYIAIOT KHHEMATHYECKHUE U AMHAMUYECKHUE XaPAKTEPUCTHKH Nepea-
yu. J[ns obecreyeHuss BBICOKOM TOYHOCTH COOPKH PENYKTOPa ObUIM YCTAHOBJIEHBI IOMYCTUMBIE OTKJIOHEHHS
pasMepoB Ha KOHTAKTUPYIOIIUX MOBEPXHOCTAX MEXaHu3Ma. MoJearpoBaHHe MHOTOCTYIIEHYATHIX PEXLYKTOPOB
BBINIOJIHSIOCH € MCIIOJIBb30BAHUEM paspabOTaHHOTO MOIYJILHOTO MPUHIMIIA ABTOMATH3UPOBAHHOTO MPOEKTHPO-
BaHUs. B KOHCTPYKLMH PENYKTOPa ObLIM BbIAEIEHBI OCHOBHBIE THIIOBBIE Y3Jibl (MOIYJIH), COUETAHMS KOTOPBIX
MO3BOJISIOT OCYIIECTBIIATh Y3JIOBYIO COOPKY PENYKTOPOB C Pa3UYHbIM YUCIOM CTYIIEHEH.

Ha pucynke 2 mokazaHa cxeMa IeOMETPHYECKHX IapaMeTPOB Kojieca ¢ MHOTONEPHOIHOU TOPOKKOM.
B muiaHeTapHO# pajuanbHO TUTYHKEPHOM INAPMKOBOM Nepeaade MHOTOIEPUOAHAS JOPOXKKA JUIA CATEUIMTOB
(nrapoB) o6pazoBana (Gpe3oif, MepeMenIaroIIeHcs 0 IEPHOIUICCKON KPUBOH, OTIMCHIBAEMOl ypaBHeHueM [1; 2]:

p, =+/R* - A’sin® z¢ + Acosz0 . (1)

rie A —aMIuIMTy1a IEpUOJMYEeCcKOi KpUBOi; R —paauyc cpenHel OKpYKHOCTH; Z, — YUCIIO NIEPUOJIOB IOPOIKKH.
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Ha pucynke 2 nmokasaHbl epHOANYCCKAs KPUBAs C IICCTHIO TIEPUOIAMU U IKBUAMCTAHTHAS KpUBast 00JIb-
HIero pajuyca, MOJyYCHHAs CMCIICHHEM MEePHOAMYCCKON KpUBOW Ha 7,5 MM. MHOromepuoaHas TOpPOXKKa, MO
KOTOPOU TIepeMeNIaroTCs Maphbl-CaTeIUTUTHI, oTy4eHa ¢ppe3oi auamerpoM 15 mMm. OcranbHbIe TEOMETPHUECKUES
napameTpsl Koiieca cienyromtue: A = 3,75mm; D = 83mm; R = 41,5mm; 2, = 6.

PucyHok 2. —CxemMa reoMeTpH4ecKHX NapaMeTpoB KoJjeca
¢ MHOIOIIEPHOJHOM JOPOKKOM

OnHonepHoaHAS JOPOKKA MIPEACTABIIAET CO00M MOBEPXHOCTH MOMIIUITHAKA 5 (cM. puc. 1).

Ocb, IO KOTOPOH MepeMEIIaroTcs Mapbl-CaTeIUINThI, HAXOSICh B KOHTAKTE C 3TOM ITOPOXKKOM, Pacioio-
JKCHA 3KBUJIUCTAHTHO MOBEPXHOCTH TOJIIUITHUKA S U OMKUCHIBACTCS YPABHCHUEM CMEIICHHOU OKPYXHOCTH, CO-
OTBETCTBYIOIINM ypaBHeHuo (1), npu z, = 1:

p, =/R* - Asin’¢ + Acosp (2)

[NepenatovHoe OTHOLICHHE HCCISAYEMBIX Iiepeaad onpeaessercs mo dpopmyne [1; 2]:

i:ilezi (3)

[I€ 73 — 9UCII0 IIEPUOIOB BEAYIIEeH JOPOKKH; Z, — YUCIIO EPUOIOB MHOTOIIEPHOIHOMN JOPOKKH KOJIECA.

3HaKM [TIOC U MUHYC B Gopmyrie (3) IPHHUMAIOTCS B 3aBUCHUMOCTH OT BPAICHUS BEAYILEro 3BeHa (IKC-
LEHTPHUKA K MOAIIUITHAKA) U HIAPOB-CATEIUIUTOB B OJJHOM WIIH IIPOTHBOIOJIOKHBIX HATIPABICHUSIX.

Ipu z; = 1 1t OHOM CTYNEHH PeAYKTOpa MEePenaTouHOe OTHOIICHIE PABHO YHCILY LIAPOB-CATSIUINTOB B
OZHOM psy.

Jst OLICHKM KMHEMAaTHKH M JHHAMUKH HCCICIYeMBbIX Mepenad pa3paboTaHbl MOICIH, HO3BOJISIOLINE OIl-
peaeuTh YIIIOBYIO CKOPOCTB, YIIOBOE YCKOPEHHE, CHJIBI H MOMEHTHI B Iepenayax B yCIOBHUSIX, ONU3KUX K IKC-
IUIyaTaloHHbIM. Mogenu paspaboransl 8 CAD cucteme mporpammuoro npoaykra SolidWorks.Mopenuposa-
HEe mpoBezeHo B mpuioxkennu SolidWorks Motion.

Ha pucynke 3 nokaszano okno nporpammbl SolidWorks Motion,s koTtopoM co3nanbl KUHEMaTHYeCKast U
JIMHAMAYECKast MOCIH IIAHETAPHOTO OJHOCTYIEHYATOr0 PaIHaIbHO-IUTYHKEPHOTO PEIyKTOPa.

Bnauane Obuta co3maHa Mojelnh COOPKH PEIyKTOpa C YCTAHOBKOM ONTHMAIBHBIX YCIOBHU COTPSIKEHUIH
HOBEPXHOCTEH AeTalel, mpoBeIeHa NPoBepKa HHTEP(EPSHIMHU B 3aLEIUICHUH IPU MOJICIUPOBAHUH BPALICHHS U
HaJIN4Ms ¥ BEIMYHHBI 3a30poB. Tak Kak pacCYMTaHHBIC ONTHMU3HPOBAHHBIE TEOMETPUYCCKUE TAPAMETPhI JeTa-
JIeil penyKTopa He HCKITIOYAI0T HATMYKE B 0OBEMHBIX TBEPAOTEIBHBIX MOJCISIX HHTep(epeHuny, ObUTH IIPUHSTHI
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peuicHus 1o €€ yCTpaHCHUIO. HpI/I CO3JJaHUH KAHEMaTH4YeCKOH U }ZlHHaMH‘ieCKOfI MOI[eJ'Ieﬁ YCTaHaBJIUBAJIUCH

CJeAYIOLMe apaMeTphl:
- 4aCcTOTa BpAIlCHUS ABUTATEIIA;
- KOHTAKThl TBEPJOTENIbHBIX COMPATAIOLIMXCS TOBEPXHOCTEN AeTae;
- MOMEHT Ha BBIXOJIHOM 3BEHE,;
- MaTepUaJibl A€TAJIEW U UX MEXaHUYECKUE CBOMCTBA;
- CKOpOCTU U KOI(D(DUIHEHTHI CTATUYECKOTO U TUHAMUYECKOTO TPEHHUS;
- CBOIICTBA yNpyrocTu AeTajiei u ap.

[Ipyu MoOmEIMPOBAHUM THHAMHUKH YYHUTHIBAJIHCh OOBEMHBIC CHIIBI W CHIIBI TPEHHs, YIpyTue aehopma-
mun. YactoTa BpamieHus qBHraress mpuHUMaiacs pasuoit 100, 500, 1000, 1500, 30Q®/muH. MoMEHT Ha

BBIXOJTHOM 3BeHe peaykrTopa — 10, 20, 40, 60, 80, 1(dwm.
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Ha PUCYHKE 4 MpeaAcCTaBJICH Fpa(l)I/IK 3aBUCUMOCTHU yl"J'IOBOﬁ CKOPOCTHU BBIXOJAHOI'O Bajia OT BpEMCHU ILIa-
HETApHOI'0 paAuaJIbHO-IUTYHKEPHOTO pEAYKTOpa € NEPEAATOYHBIM OTHOIICHUEM, PABHBIM CEMU, U yFHOBOﬁ CKO-

pocteto neuratens 150006/MuH 32 04uH 060pOT BBIXOAHOTO Baja.
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I'papuk (cM. puc. 4) moaydeH B pe3yibTaTe MOJCIHUPOBAHUS KHUHEMATHKA M JUHAMHUKU PaHaIbHO-
IUTYHXEPHOMU Tiepe/ayu.

Amnanu3 rpaduka CBHACTENBCTBYET O TOM, YTO HEMOCTOSHCTBO YINIOBOI CKOPOCTH BBIXOIHOI'O Baja pe-
JIYKTOpa HE3HAYUTEIBHO M €€ KOJEeOaHHs HE MPEBBIIIAIOT MATH MPOIEHTOB OT HOMHHAJILHOTO 3HAYEHHUS, YTO Xa-
paxkTepu3yeT BhICOKYIO IUIABHOCTh BPAIICHHsI Pa3pabOTaHHON KOHCTPYKIIUH MepeIadH.

BuHO, 4TO B MOMEHT ITyCKa [[BHTarelisl yIIOBasi CKOPOCTh PE3KO BO3PACTAET, PUBO/S TEM CaMbIM K y/a-
py B 3auemieHnd. HenocTosHCTBO yIiioBOW CKOPOCTH BO3HHKAET BCICJACTBUE HATMYMS 3230POB, BXOXKICHUS Ca-
TEJUTUTOB C yIapamy B 3alleIUICHUE, YIPYTHX JeopManuii geraneii.

Kak nokazanu pesynbTaTbl MOJCIMPOBAHUS, C YBEJIMYCHHEM YaCTOTHI BPAIICHUS (BUraTeNsi Pa3sHOCTh
MEXy HanOOJIbIIeH 1 HAMMEHBIIIEH YIIIOBOW CKOPOCTHIO BBIXOJHOTO Balia PEAYKTOpa YBEIHMIHBACTCS.

JlJist OLleHKM KMHEMATHYeCKOU TOYHOCTH Tepeadn pa3paboTaHa KOMIBIOTEPHAS MOJIENb U MMOJIYYEHBI yT-
JIOBBIE MEPEMELICHUSI BBIXOJHOTO BaJia PEAyKTOpa C MOJICITUPYEMO# HArpy3KOu.

Mopens paspaboTaHa B cucTeMe mporpaMmmuoro npoaykra SolidWorks Motion.

B Mozenu ObLn 3a1aHbL:

- IePEAATOYHOE OTHOIICHHE, PABHOE CEMHU;

- yacToTa BpaieHus asurareis — 150006/muH;

- Harpy3Ka Ha BBIXOJHOM Bany — 60Hwm.

Io 3HAYECHUSIM YITIOB MOBOPOTA BBIXOJAHOTO Baja, MOJYYSHHBIM MOJCIMPOBAHUEM, PACCUMTAHA KHHEMa-
THYeCKast MOTPEITHOCTE mepenadu F,, , KOTOpyIo MOXHO ONPEeIuTh TI0 ciienyrolei popmyie [5; 6]:

F.=¢,-9%, 4)

Tae ¢, — ICUCTBUTEIBHBIN YTOJI TOBOPOTA BEIXOAHOTO Baja; (b, — HOMHHAIBHBIN YTOJI MOBOPOTA BEIXOAHOTO Baa.

3HaueHNe KHHEMaTHIECKOH TOTPEIIHOCTH MEPEAavr B KaKbIii MOMEHT BPEMEHH 3a TIOJHBIA 000pOT BHI-
XOJIHOTO Bajia MOXHO OIMpPEIEIUTh HHTETPUPOBAHUEM 3HAYEHUHN YIIIOBOM CKOPOCTU WJIM ABOWHBIM UHTETPUPOBA-
HHEM 3Ha4CHHUI YIIIOBOTO YCKOPEHHS BEIOMOT0 3BeHa M0 (hopMynam:

F = j w, (t)dt- j w, (1) dt )

R = [fe (0 dt-fo, () (6)

3nech @, — AeHCTBUTENbHAS YINIOBask CKOPOCTh BBIXOJHOIO Bajia PEAyKTOpa, MOJyYeHHAsh MOJESIUPOBAHHEM;
®, — HOMHUHAJIbHAs YIJIOBas CKOPOCTh BBIXOAHOTO Balla PEAYKTOPA; &) — ACHCTBUTEIHLHOE YIJIOBOE YCKOPEHHE
BBIXOJIHOTO BaJia PEAYKTOPA, MOIY4CHHOE MOJICITUPOBAHHIEM.

Ha pucynke 5 noka3zan rpad)uk KHHEMAaTHYECKOH MOTPENIHOCTH NepejadH, MOJYICHHbIH B pe3y/bTaTe Ma-
TEMaTHIeCKO 00pabOTKH Pe3yIbTaTOB MOJCTHPOBAHNS.

1,0

—_—

0,9
0,8

0,7 /
0,6 /
0,5 /

0,4

J‘/VVWMW\—V\/\MMAMMmAfVW\M/\/\NMM

0,3

0,2

0,1

0,0

KnHemartunueckasn NorpeLwHocCTb, rpag

0 25 49 74 99 123 148 173 198 222 247 272 296 321 346
YrosnoBopoTa BbIXOAHOTO Bana,rpag — >

PucyHok 5. —3aBuCHMMOCTh KHHEMATHYECKOi MOrPEelIHOCTH IUVIAHETAPHOIO PATHATLHO-IIYHKEPHOI0 PeIyKTOpa
OT YIVIOB IIOBOPOTA BBIXOJHOI'0 BAJIa, MOJy4YeHHbIX MOeIMPOBAHNEM
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U3 rpaduka Ha pucyHke 5 BUAHO, YTO KMHEMaTHYeCKas MOTPEIIHOCTh IPH YCTAHOBHBILEHCS YacToTe
BpAIlleHHs ABUTATENI UMEET HeOombiIyro BeananHy U cocraimsietr 0,03rpaayca (1,8 yriioBeie MHHYTHI).

OnHako IpH IIycKe W B Hadaje paboThl peayKTopa IpU MOBOPOTE BBIXOAHOTO Basia Ha yroia mo 30 rpa-
aycoB (210rpaaycoB yria moBopoTa BEAYIIETO Bajia) KHHEMATHYCCKAsl MOTPEIIHOCTh U3MEHSACTCS OT HYIS A0
0,85 rpagycoB, 4TO NPUBOAMUT K M3MEHEHMIO NEPENaTOYHOTO OTHOIIEHUS, yAapaM JeTalledl 3alelyeHus MpH
ITyCKe U B Havasie paboTHI.

HauGosnburasi KnHEMaTHYecKasi OTPELIHOCTh, MPEACTaBIeHHas Ha rpaduke (cM. puc. 5), He ydunuThIBas
MOMEHT pasroHa asurarens, cocrasimsier 0,55 rpagycor (33 yrioBbie MUHYTBI). DTa HOTPEIIHOCTh SIBISCTCS
CIIEICTBHEM 3a30pOB B 3aLEIUICHUH, KOTOPBIE TIPUBOAAT K CMEIICHHUSIM CaTeJUIUTOB II0CIe COOPKH BO BpeMs pa-
0OTHI Iepeiauyl, M CICACTBUEM YIPYTHX AehopManuid Jeraneld, HCIBITHIBAIOLIMX HATPy3Ky. 3a30pbl MOI'YT pac-
CMaTPUBATHCS KaK MOTPEITHOCTH, MPUCYIINE KOHCTPYKLUH U BBI3BAHHBIC HETOYHOCTHIO M3TOTOBIICHHUS TIEPEayHn.

Ha pucynke 6 nokazaH aMIDTHTY{HO-YaCTOTHBIA CIIEKTP 3HAYEHHH KMHEMATHYECKOW ITOTPELIHOCTH, Ipa-
(UK KOTOPOIi MpeCcTaBICH HA PUCYHKE 5.
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Pucynok 6. —AMINIMTYTHO-4ACTOTHBIH CHIEKTP KHHEMATHYECKOIi MOrPEeNIHOCTH
MJIAHETAPHOI0 PANAJIbHO-IUTYH:KEPHOTO peyKTopa

AMIUTATYTHO-9aCTOTHBIH CIICKTp MOJYUYCH pa3iokeHHeM (PYHKIMH KHHEMaTHYCCKON TOTPEIIHOCTHU epe-
Jaun B psx Pypbe. MeToMKa CIIEKTPaIbHOTO aHajIM3a IIOTPEMIHOCTEN epeiay onucana B paborax [3; 6].

[peacraBneHHbI HA PUCYHKE 6 CHEKTP BKJIIOYACT MO BEPTUKAIBHON OCH aMIUIUTY/AbI FTAPMOHUK, MO TO-
pusonTanpHO# ocu — 100ux HOMepoB. Eciy coeMHUTD BEpPIIMHBI aMIUIUTYJ JIMHUSIMHA, BHHO, YTO U3MCHCHUE
WX BEJIMYMH C YBEIUYCHUEM HOMEpPA FapMOHUKHU MPOUCXOAMT IO HEKOTOPOMY SKCIIOHCHIMAIHHOMY 3aKOHY, Ia-
pamerpsl (MOKa3aresb CTENEHN) KOTOPOTO MOXKHO YCTAaHOBHUTb.

W3 crmekrpa BUAHO, YTO HAaWOONBIIME AMIUIMTYAbI, HECMOTPS HA SKCIOHCHIMATBHOC PACIpECICHHE,
HMMEIOT TAPMOHHMKH C HOMEPaMH, KPATHBIMHU MEPEJATOYHOMY OTHOIICHHIO M YUCITY TIEPUOIOB OCTOBOM JTOPOKKH.
DTO rapMOHHUKH C NIEPBBIMH HOMEpaMH 1 HoMepamu 6, 7, 14, 423aMeTHO BBIICIISICTCS TapMOHUKA C HOMEPOM 42
(mpou3BeeHUE CEMH CATEIUTUTOB B Mepeaave Ha IIECTh MEPUOOB JOPOXKKH), KOTOpPAst KIMEET BBHICOKYIO 4ACTOTY
¥ OOJIBIIYIO AMIUIUTYY. YBEJIHMYCHUC aMIUTATYABI 3TOW TapMOHHKH MOXXHO OOBSCHHUTH TEM, YTO IIAPBI-CATCIUTUTHI
BXOJAT B 3allCIUICHUE C TOPOXXKAMHU M CETapaTopoM ¢ yAapoM IIPH Iepenade BpamleHust Ha BBIXOIHOW Bajl, aHa-
JIOTHYHO 0OPAa30BAHKIO TIOTPEITHOCTH 3yOIOBOM YaCTOTHI TS 3y0UaThIX IJIMHIAPAYCCKHX Tiepenad [5].

IIpoBeneHHbIC UCCIEIOBAHUS YKA3hIBAIOT HA YBEIMYCHHUC HAMOOJbIICH KUHEMATHYCCKOMN IMOTPEIIHOCTH,
HaOJII0aeMOoe C POCTOM HArpy30K M CKOPOCTEH. DTO MOXKHO OOBSICHUTH TEM, UTO M3-3a MUCOaTaHca, CBI3aHHOTO
C HaJMYHEeM SKCICHTPHUKOB Ha BEIYIIEM 3BEHE, a TaKXKe 3a30pOB M YNPYTHX AeOopMaInii pacTeT HepaBHOMEp-
HOCTB pacIpe/elicHus yACIbHBIX KOHTAKTHBIX HArpy3ok. [Ipy 3TOM Npu MOBBIMICHUH YIJIIOBOH CKOPOCTH U MO-
MEHTa Ha BBIXOJHOM BaJly YBEIIMYMBACTCS PACCOTIIACOBAHHUE JIEHCTBUTENFHOIO 1 HOMUHAIBHOTO YIJIOB ITOBOPOTA
BEZIOMOTO 3BeHA M pa3Max KHHEMaTHIECKOM MOTPEUTHOCTH IIepeaadH.

3akaruenne. Pa3paboTaHHBIE KOHCTPYKIIMU M KOMIIBIOTCPHBIC MOJCIH IUIAHCTAPHBIX PaIUAIBHO-
IUTYH)KEPHBIX IIAPUKOBBIX PEIYKTOPOB C HCIOJNB30BAHHEM METOJIOB aBTOMATHU3UPOBAHHOTO MPOCKTUPOBAHUS
MTO3BOJISIOT MOJTyYUTH MEPEJadn C BRICOKHMH JKCIUTYyaTAllMOHHBIMU XapaKTEPUCTUKAMHU M COKPAaTHTh BpeMs Ha
HATYPHBIEC UCTIBITAHHUS.
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JlaHHble, MOJNy4YeHHbIE B pe3yibTaTe MPOBEACHHOTO UCCIIEIOBAaHUS KMHEMATHKU U JUHAMUKU PEOYKTO-
POB, TO3BOJIMIIM PAcCYNTATh KMHEMATHYECKYIO IOTPEITHOCTh TMepefadd, €€ aMIUINTYAHO-9aCTOTHBIA CIIEKTP
W TIPOBECTH WX aHaJH3, Oylarofapsi KOTOPOMY YCTaHOBJIEHBI KOHCTPYKTHUBHBIE M TE€XHOJIOTHYECKHE MPUUUHBI
KMHEMATHYECKHUX TTOTPEITHOCTEH.
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COMPUTER 3D MODELLING OF DESIGNS AND KINEMATIC PARA METERS
OF PLANETARY SMALL-DIMENSIONED TRANSMISSIONS

A. KAPITONOV, K. SASKOVETS, A. KASYANOV

Designs and computer models of single-stage anestage radial plunger ball reducers are developed.
Modeling of multistage reducers was performed witk of the developed modular principle of the aateoh
design. The models allowing to determine angulageslp angular acceleration, forces and torques ia th
transmissions at the conditions close to the openat are developed for an assessment of kinematick
dynamics of the studied transmissions. The modkhisloped for a kinematic transmission accurasgasment
and angular movements of an output shaft of thegedwith the simulated loading are got. The analgs the
amplitude-frequency spectrum got by decompositfoa kinematic error function of planetary radialyplger
transmission in the Fourier series is performed.

Keywords: compact planetary transmission, computer modekinggmatic and dynamic models.
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