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AHHOTALMSA
Ha sTane npoekTHpoBaHMM aBUAILMOHHBIX TPAHCMUCCUH HEOOXOIUMO MPOBOJIUTH
aHaJIM3 JUHAMHUKY Ha DKCIUTyaTallMOHHBIX pexxumax. B HacTosmeil pabore mpeacraBieHa
TpexMepHasi MOJIeTb YIpPyTroi 3y0daroil mepenayn ¢ ONUCaHUEM OOJBIINX MOBOPOTOB C
IIOMOIIBI0 BEKTOpa OHjepa MW CBSA3aHHOTO € HHUM TEH30pa mnoBopora. [lus
MpeOTBpAIIeHUsT MPOOJIeMbl OCOOBIX VYIJIOB B paboTe MCIHOJIB3YeTCS pa3leibHOE
XpaHEHUE HAKOIUIEHHOTO U JOMOJHUTEIBHOrO MOBOPOTAa. MoeNnb MO3BOJIET ONMUCHIBATH
3yOuaTele Tepefadyd pasIu4HbIX KOHQUTypauuid (UMIMHAPUYECKHE, KOHHYECKHUE,
npsAMO3yOble, KOCO3yObl€), a TaKKe COuYeTarbCcd C MOJENSMU JIPYTUX 3JIEMEHTOB

MEeXaHU3MOB. B cTathe mpuBOAATCS MPUMEPHI PEIICHUS 3a7a4 ¢ TOMOILBIO pa3pabOTaHHOM
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MOJCIHU, IPpHU O3TOM €€ KOPPCKTHOCTb IMOATBCPIKIAACTCSA COINOCTABJICHHCM II0JIYy4YaCMbIX

PE3YJILTATOB C pE3yJabTaTaMHU, IIOJYUYCHHBIMU APYTHUMHU MCTOAAMHU paCUCTaA.

KuroueBble ciioBa: 3yduarbie nepeaayu, BEKTop Diepa, TeH30p noBopoTa, TeHzop [1.A.
Kununa, 60ap11Me epeMeneHns, 00JbIINE TOBOPOTHI.
BBenenue

ABuanonHnsie TpancMuccuu [1-3] oOecreunBarOT mepeaady KpyTsIIEero MOMEHTa
OT poTOpa K BUHTY WJIM BEHTWISATOPY M TPHUBOIY KOPOOKH arperatoB B JBUTATENSIX
Pa3IMYHOIrO THUIIA, OT JBHUraTeNs K Bally HECYILETO M PyJIEBOTO BUHTA B BEPTOJIETaX U T.1.
K wucnonp3yembiM 3y0yaThiM IieperayaM MPEAbSIBISIOTCS BBICOKHME TpeOOBaHUS IO
HAJeKHOCTH, OTPAaHUYEHUIO MACChl U YMEHBIIEHUIO Pa3MEpOB, CHUKEHHUIO IMOTEPh Ha
TPpEHUE TP  BBICOKOHATPYKEHHBIX M  BBICOKOCKOPOCTHBIX  pPEXKHUMax  pabOoThI.
Brlmieyka3anHble yCI0BHSI TOJKHBI ObITh YUTEHBI HA 3TAIe MPOEKTUPOBAHUHU, UTO TpeOyeT
MPOBEJICHUS aHAIN3a TUHAMUKH aBUALIMOHHBIX TPAHCMHUCCHI.

3amava aHaimu3a JMHAMHUKU 3y04aThix mepemad [4] crama akTyaabHOW BO BTOPOId
nosioBuHE 19 Beka, Korja B pe3yJibTaTe HAy4YHO-TEXHUYECKOTO MpOrpecca B MEXaHU3Max
MallluH CHJIBHO BO3POCIHM CKOPOCTH BpallleHU U nepenaBaeMble ycuius. [lepBbie maru B
TOM HAaIlpaBJICHUU OCYIIECTBISUIMCh NYTEM BBOJA 3MIMPUYECKOrO KO3 (dULIMEHTA
JAMHAMHYHOCTH [5], KaKk OTHOIICHHE CTATUYECKON COCTABIJISIONICH CHIIbI B 3allCTUICHUH K
MaKCUMaJbHOW, M €ro pasziM4Hble YTOYHEHHUS U OOOOUIeHMs, KaK, HampuMep, CBS3b C

JUHEHWHOM CKOPOCTBIO B TOYKE 3aleruiecHuH. OJHaKo JIFOObIe MPUBOAUMEIC B TO BpeMs
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OLICHKM ObUIM KpailHe KOHCEPBATUBHBIMU W 00JIaJlajii OYE€Hb OTPAHMYEHHOM OO0JIACTHIO
IPUMEHEHUSI.

B xonue 40-x — Havane 50-x 20 Beka ;i pelIeHUs 33Ja4d JUHAMUKH 3y04aThbIX
nepeady CTalld UCIOJIb30BaTh HAKOIJICHHBIN OMBIT TECOPUU MEXaHHMUECKHUX KojeOaHui [6].
DTO MO3BOIIIO pa3paboTaTh OOJIBIIOE KOJTUYSCTBO MATEMATHUYECKUX MOJEICH 3y0daThiX
nepenay v NpoBECTU IITyOOKUM aHAIM3 MEPBONPUYMH U3MEHEHHS YCHIINS B 3allCIIJICHUH B
npolecce dKCIUTyaTallid MEXaHU3MOB (IlepeMeHHasi JKeCTKOCTh 3y0uaToro 3alleruieHHe,
BIIMSIHUE HAYaJIbHBIX HECOBEPIICHCTB U Moaudukanus mnpoduist 3y0beB, OOKOBBIC
3a30pbl), a TAKXKE MOATBEPAUTD MOTYUECHHBIE TUIIOTE3bI AKCIIEPUMEHTAIBHO.

HecMmoTpss Ha MOCTUTHYTBIE PE3yibTaThl, pa3pabOTaHHBIE MOJEIU HE MO3BOJISIU
Y4ECTh BJIMSIHUE OCTAJBbHBIX AJIEMEHTOB KOHCTPYKIIUM TPAHCMUCCUM (BaJIbl, MOIIITUITHUKY,
KOpITyca ¥ T.J1.) Ha BUOPOHArpy>KeHHOCTh 3y0UaThIX nepeaad. B cBsi3u ¢ aTum B koH1e 60-
X TOJI0B Ha4aJlu MOSIBJIATHCS MOAXObI [7], B KOTOPBIX B KAUECTBE MCXOIHBIX MapaMeTPOB
MCIIOJIb30BAJIMCh JKBUBAJICHTHBIE YIPYro-AeMiihepHble CBOWCTBA COMPATAIOIIUXCS C
3y04aToi mepeaaveii reTayiei.

B 80-x romax ObuIM TpPEIOXKEHBI MOJEIH, CHOCOOHBIE MPOBOAUTH aHAIU3 HE
OTJCJIbHBIX 3y0YaThIX IMepefay, a CJIOXKHBIX MEXaHU3MOB Ha HMX OCHOBE, TaKUX Kak
MHOTOCTYIIEHYAThIe, MHOTOIIOTOYHBIC | IJIaHEeTapHbIC pexykTopa [8].

BOJIBIIMHCTBO M3 yKAa3aHHBIX BBIIIE MOJEJIEH C MAaTeMaTUYECKOM TOYKHU 3PEHUS,
MIPEACTABISLIA OO0 cuctemy auddepeHmaibHbix ypaBuenuit (/1Y) Broporo nopsiaka, a
Y4ET HOBBIX AJIEMEHTOB MPUBOAWI K YBEJIMYECHHUIO KOJIMYECTBA YPABHEHUN U CIOKHOCTH

dhopmupoBanusi camoit cuctembl J[Y. B cBsizu ¢ 3TUM paszpaboTaHHBIE MOAEIH ObLIU
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JOBOJIbHO TMPOCTHIMA M HE YYUTHIBAIM BapUATUBHOCTh U HEIMHEWHOCTb BIUSHUS
AJIEMEHTOB MEXaHU3MOB Ha 3y0uaThle mepeadm.

B 1995 rogy Anbbepro KapmoHna mnpemioxusl TpeXMEpHYH MOJEIb 3y04aToil
nepenaun [9]. Ha moment myOnukamuu Kapmona yke ObUT KPYIMHBIM CHEIAATHCTOM B
o0JacTH JMHAMUKH yrpyrux MHorokomrnoHeHTHBIX cucteM (flexible multibody dynamics)
[10] u mHOrme moaxoipl, pacmpocTpaHEHHBIC B 3TOH 00JacTH, ObLIM 00OOIICHBI Ha
MOJIeIb 3yO0UaToi nepeayu, Takue Kak MCIOIb30BaHHWE HESBHOIO YpaBHEHUS JUHAMUKU,
IpeJICTaBICHUE OOJBIIMX MOBOPOTOB YEpe3 BEKTOp OWjepa, PHEPreTUYECKUH BBIBOJ
BBIpQKCHUH  MaTpHIl KacarelbHbIX (tangent) skectkocredt u T.n1. Mojenb IMO3BOJISET
y4ecTh pa3Hble MO KOHPUIypaluu 3yOdyaTble NMEpeaayud, TaKhe KakK IWIMHIPUYECKUE U
KOHUYECKHE, MPAMO3yOble U KOHUYECKHUE U HEKOTOpbIe Apyrue BUABI; oOmamaeT 18-Thio
CTENEHSIMU CBOOOJBI U MOXET COYETAThCS C MPOCTPAHCTBEHHBIMU MOJEISIMHU APYTHX
KOMIIOHEHTOB POTOPHOM CHCTEMBI, HANpPUMEpP, BaJOB M MOIIIMIHUKOB, MO3BOJISAET
IIPOBOJIUTh HECTALMOHAPHBIM aHAINM3 nepeaayd. Mojenb craja O4YeHb IOIMYJISPHOU M
ObLTa peajr30BaHa B TAaKUX MPOrpaMMHBIX KoMIUTIekcax, kak Samcef u Comsol. Hecmotpst
Ha 370, y Mozaenu KaproHa ecTb psji 3HAUUTENbHBIX JOMYIIEHUH U HEIOCTAaTKOB, TAKUX
KaK, Y4eT TOJIbKO IMOCTOSIHHOM JK€CTKOCTH 3y04aTo nepeaadn, yueT mepeMeHHON OlnOKu
MepeIadyu TOJBKO MO POTOPHOM YACTOTE, HAIMUME MHOXKHUTENEH JlarpaHika, KOTOpbIE HE
TOJBKO YBEIMYUBAIOT Pa3MEPHOCTh CUCTEMBI JIMHEHHBIX YpPaBHEHUH, HO JIMILIAIOT €€
MOJIOKUTEIHHON ONPEIeICHHOCTH, YTO OrPAaHUYMBAET HAOOP METO/I0B €€ PELICHHUS .

C konma 90-x 20 Beka M [0 HAIIMX JHEW MOJIYYWIIM LIMPOKOE PACHPOCTPAHEHUE

MporpaMMHBIe KOMITJIEKCH MeToaa kKoHeuHoro anemenTa (MKD), rakue ANSY'S, Nastran,
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ABAQUS, NX Nastran u np. [Ipsimoe MoaenupoBaHue AMHAMUKHK 3yOUaThIX Mepenad B
TaKUX KOMIUICKCAX SBJSICTCS TPYAOEMKHM TIPOIECCOM, 3aTO OHU OTJIMYHO CIPABIISIOTCS C
3aauell OMpENEICHHS] JKECTKOCTHBIX XapaKTePUCTHK JJIEMEHTOB MEXAaHH3MOB. ITO
MO3BOJISIET, C HMCIOJIb30BAaHUEM MAaTEMAaTHYECKUX MOJCIECH MPOIUIBIX JIET, MPOBOJHTH
aHaJIN3 TUHAMHUKY 3y0UaThix mepemad [11].

[ToMHMO BBIIIECKA3aHHOTO, CTOMT OTMETUTh paboThl [12-14] ¢ pasmuYHBIMU
MOIXOJIaMH K PEIICHUIO 33/1a4 UCCIIEAOBAHUS JUHAMHUKY 3y0UaThIX MEXaHU3MOB.

B HacTosimiei ctaThe npeacTaBieH aBTOPCKUM BapuaHT MPOCTPAHCTBEHHOW MOJIETU
3yO4aToi mepenayu, KOTOphI oTinuaercs ot Mojenu KapmoHna MeHbIe pa3sMepHOCThIO
3a cu€T OTKa3a OT MHOXKUTeNeH Jlarparka v SBISICTCS CYIIIECTBEHHO 00JIEe MPOCTHIM.

BekTop cocTosiHusi 3y0uaTou nepegayu

Paccmotpum 3y0OuaTyro mepemady B CBoeH HauaiabHOW KoHburypammm (Puc. 1).

HcxonHoe monox)eHue KaxkJa0ro U3 KoJiec rnepeay OMUChIBACTCS ¢ MOMOIIBIO PayCOB-

BEKTOPOB I, W I, 10 COOTBETCTBYIOIIETO TEOMETPHYECKOTO IEHTPA U TPONUKAMH
B3anMHO meprenuKyspasx opro €, el el m e, 2., €2, pasmermennpix B 31HX
IIEHTPaX U HANPABJICHHBIX CIEAYIONIUM O0pPa3sOM: OPT €,, CMOTPUT B LEHTP JIPYroro
KOJIECa, OPT €5, TEPINECHINKYIAPEH IIIOCKOCTH KOJIECA U COHAIPABIIEH C OCBIO KOJeca, OpT

€,, AOIOJHSAET €, €,,, €5, [0 IIPABOU TPOMKU BEKTOPOB.
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a
€30

W

Puc. 1 Hcxoanoe nosjoxkeHue 3yo4aTo nepeaadu

Kunemartuka nepcaadynm  OIMMCBIBACTCA C  IIOMOIIBIO  BCKTOPOB JIMHEHMHBIX

HepeMeHleHI/Iﬁ LHCHTPOB KAXKXAO0I'O U3 KOJICC Ua )51 ub , TCH30POB OOJIBIIINX ITOBOPOTOB Ra )51

Rb, KOTOpPBIE HE MEHSIOTCS HA IIare MHTETPUPOBAHMS, W BEKTOPOB OWJIEpa MajbIX

S

AOIIOJIHUTCIIbHBIX IIOBOPOTOB a nu 9

b. Kak yxe oOcyxnmaiocs B padorax [15-17],
WCIIOJIb30BaHNE BEKTOpa Dijiepa B KadecTBE croco0a OmucaHus OOJBIINX TTOBOPOTOB
HEMHHYEMO BEIEeT K OrpaHWYEHHI0, OOYCJIOBJICHHOMY BBIPOXKJIEHUEM TEH30pa,
CBSI3BIBAIOIIETO VYTJIOBBIE CKOPOCTH C TMPOM3BOJHONM BekTopa Ounepa (tenzop ILA.
XKununa). Jlng oOxoma 3TOro OrpaHWYeHHs B JIAHHOW cTaThe, Kak W B padote [15],
WCIIOJB3YETCSl MHKPEMEHTAJBHBIA CIOCOO OMHMCaHWs BpalleHUs IyTeM pa3icieHus
ITOJTHOTO TTIOBOPOTA Ha OOJIBINION HAKOIJICHHBIM U MaJIbIN JOIOJHUTEIBHBIA ITOBOPOTHI.
BekTop cocTosiHMS Tepedayd COCTOMT W3 JIMHEHWHBIX MEpPEeMEIICHUM U MajbIX

AOIMOJIHUTCIIbHBIX ITOBOPOTOB KAXKIO0T'0 U3 KOJICC, IIO3TOMY COJACPIKUT 12 xOMIIOHEHT
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y=|u | 1)

[TonoxxeHne KOJMEC B aKTyaJIbHOM IOJIOKEHHHM OMUCHIBACTCSI YEPE3 HOBBIC PA/IUYC-

A A A B B B
BCKTOPbI rA u I’B , d TAKIKC OPThI elo, e20, 330 u elo, e2o, e3o

r, =, +U,

rb:rbo+ub

e =L (9,) R, €, (i=123) 2)
[ a a vios — 44

e =L(8) Ry € (i=123)

rae L(9) — rtensopHas ¢yHKIuS, BEMHCIAIOMAS TEH30pP MOBOPOTa IO 3aJaHHOMY
BeKkTOpy Diiepa [18].
YpaBHeHue IBHKeHHS 3y0UaTol nepeaaum

Jns  pemieHus 3agad  AMHAMUKA ~ 3yO4yaToil  mepeiaud  BOCIOJIb3yeMcCs
JMHEAPU30BAaHHBIM  YPABHEHHEM JWUHAMUKM IPOU3BOJBHOM  MHOTOKOMITOHEHTHOU

CUCTCMBI
[Mtang :|Ay + ([C] + [G ])Ay + |:Ktang :|Ay = _Finner - I:damp - I:inerc + I:fric + I:ext (3)

rie [Mtang] — MaTpuia KacarenbHbIx (tangent) o6obuwernsix Mace, [C] — marpuua

nemMnupoBaHus, [G] — TUPOCKOIHMYECKAsT MaTpuLa, [KtangJ — MaTpHUla KacaTeJbHbIX

(tangent) »xectkocrteit, F,

- ner — BEKTOD BHYTpeHHHX cui, F

inerc — BEKTOD MHECPIMOHHBIX CHJI,

F

damp — BCKTOD CHII JIHCCHIIALIWH, F

wic — Cua TpeHWs B 3aleruieHu#, F,, — Bekrop

BHemHUX cwit, AY, Ay, Ay — BEKTOphl MNpUpANICHUH OOOOIICHHBIX YCKOPEHHH,

CKOPOCTEM U MEPEMELICHUM.
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Bripaxkenus i [Mtang , [G], Fiee MoOmenn 3yGuatoii mepeiaud NOIHOCTHIO

AHAJIOTUYHBI BBIPAXKCHUSM, TOJYYCHHBIM B padoTe [16], 3a MCKIIOYEHHEM TOTO, YTO B
yKa3aHHOW paboTe BEKTOP MHEPIIMOHHBIX CHJI OEpeTcs ¢ OOpaTHBIM 3HAKOM M B KaUeCTBE

MCXOIHON MaTPHUIIbl MacC HEOOXOAMMO HCIIOIB30BATh CIIETYIOIIYIO

m O O O O 0 O O O O 0 O
O m O O OO O O O O O O
o 0m OO O O O O O 0 O
o o0 o I 0 0 0 0 O O O O
O 0 0 O Is O 0 0O O 0O O o
c o0 o 0O O 1 0 0O O O O O
M=o 0 0 0 0 o m 0 0 0 0 0 @
o 0 o 0o 0 0 0O0m O O O O
o 0 o 0 0 0 0 0 m O 0 O0fp
0 0 0 0 0 0 0 0 0 I°0 0
o 0 0o O o O O o o0 o |5 0
0 0 0 00O O 0 0 0 0 0 I°
rae M, u M, — maccel konéc a u b coorBercTBenHo; |7, 15, 17 n If, IS, If —

MOMEHTBI HHEPIIUH KOJIEC @ ¥ b oTHOCHTEIRHO oceit X, Y u Z COOTBETCTBCHHO.
PaccMOTpUM BBIBOJT OCTAJIBHBIX MATPHIl U BEKTOPOB, BXOJAIINX B (3).
Yupyrasi sHeprusi Ae¢opmMannu 3y04aToi nepeaavu
[locsie coBepIeHuUs IBUKEHHS, OPTHI €7 ) U e?o, B 00IIIEM clTydae, He HaIllpaBJICHBI B
TOYKY KOHTakTa. CamMo MOJI0KeHHUEe TOYKM KOHTAKTa MpU YIIPYTrOM B3aUMOJICHCTBUH KOJIEC
HE MOJXET OBITh CTPOTO OMpPENENIEeHO B BHAY JAe(opMaliii KOHTAKTUPYIOMINX 3yOneB. B

CBSA3U C JTUM OIPEHEISACTCA OPT €0 , YKA3bIBAIOIUN B YCIOBHYIO TOUYKY KOHTAKTa —

TOYKY Ha JCJIUTEIHHONW OKPYKHOCTH OOJIBIIETO MO JuamMeTpy Kojieca (IycTh 3TO Oynmer
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KOJIECO a), KOTOpas SABJIACTCA aKTyaHBHOﬁ TOYKOM KOHTAaKTa B ciIy4dac JKCCTKHUX o0oux

konéc. Hanbosee nmpocToi crnocod omnpesesnenus opra €5, — NPOEHMPOBaHUE BEKTOpA

COCIMHIOMICTO HEHTPhI KOJICC Ha INIOCKOCTh KOJIECa a.

@ .= EO'(rb_ra)
lref =
Eo- (1 -1)]. (5)
E, = E €3¢}
rne E, — mmockuit enuununbiii Tensop, E-— enunmunsii Ttemsop, €3S — mmamHoe

npousBeseHue OpToB €5,. BBIGOp GoNbIIETo MO IHAMETPY KOJEca 3/1eCh SABISETCS
CYILIECTBEHHBIM, TaK Kak B Clydae BHYTPEHHETO 3alETUIEHHsI TOJLKO TAKOH BBIOOD aeT
IPaBUIILHOE HATIPABIIEHHUE OPTa €5 of -

Jlns coememenus opta €5 u €8, KOJIECO HEOOXOIUMO PasBEPHYTh HA YTON

CHUHYC 1 KOCHHYC KOTOPOI'O MOXXHO OIIPCACINTL KakK

CoSy, = efref -] (6)

. _.a a
SINY, =€1er "€
C MOMOIIIBIO CHHYCA M KOCHHYCA Y, HE COCTaBIISICT TPyJa ONMPEACIUTh BEIHIUHY

camoro yria. [IoBopoTy y, OpTOB Kojieca 8 COOTBETCTBYET ITOBOPOT ,, OPTOB Koseca b

Wy =y, (7a)
Po

Yy = p_a\l!a , (76)
Po

Toe p, U P, — PaOUyChl JEIUTEIBHBIX OKPY)KHOCTEH Kojeca & W D COOTBETCTBEHHO.

Bripaxkenue (7a) ucnosib3yercst BO BCEX BapHaHTax 3y0OuaThIX Mepenad, KpoMe mepenad ¢

BHYTPEHHUM 3alleIUIEHUEM — AJIs HUX ucnosb3yeTcs (70). BaxkHO OTMETUTS, UTO Y, U


http://trudymai.ru/

Tpynet MAU. Beimyck Ne 112 http://trudymai.ru/

— 9TO HE UCTHHHBIC BEJIMYMHBI MOBOPOTOB, a YCIIOBHBIC, EMOHCTPUPYIOIIUE TEKYIIEe
MIOJIO’KEHHUE KOJIEC OTHOCUTEIHHO M3HAYAIBHO 3a/IaHHOTO. TeM He MeHee, ISl TOTO YTOOBI
TOX1eCTBO (7) KOPPEKTHO OTPabATHIBAJIO peaJbHYI0 KHHEMATHKY Mepeaadr HeoOX0IuMO

BOCCTaHABJINBAaTh 3HAYCHHUC yIJla J/, 11O (6) C y‘{éTOM HAKOINICHHOI'O 3HAYCHHA ITOBOPOTA,

T. €. YUYUTBIBATD IICPCXOAbI UCPC3 2.

[lo HaliieHHOMY YTy ), OIpeAenseTcs IOJI0XKEHHE OpTa, CMOTPSILETO B
YCIIOBHYIO TOUKY KOHTAKTa Ha KoJsece b

b _ A b.: 8

€1ret = €,C0SWp + E55INY,, . (8)

U3-3a yIIPYTroCTH 3alleTUIEHUs W MIEPEMENIECHUI LIEHTPOB KOJIEC OPTHI €5 ¢ W e'iref

YKa3bIBalOT B PA3HBIC TOYKH YCJIOBHOI'O KOHTAKTa. HaHHOG PACXOKACHUC OIIMCBIBACTCA

BEKTOPOM YIIPYTOTr0 PaccorjacoBaHus

Au = (rbo + Uy + pbegref ) - (rao T Uy + pae?ref ) (9)

[Tpoexkuus BekTopa AU Ha HampaBlIIeHHE HOpPMalu K 3yOy HaeT BeIHMYMHY

OTHOCUTEJILHOTO KOHTAKTHOTO CMelIeHHs 3yObeB. B ciiydae KoCO3yObIX KOHUYECKUX

KONEC JUIsl OMpeNeNiCHUs YKa3aHHOTO HOPMAJIbHOTO HANpPaBJICHHUS HEOOXOAUMBI eIl

JIOTIOJTHUTEJIbHBIC 0a3KChI, OPThI KOTOPHIX OPUEHTHPOBAHBI BAOJb oceit 3yObeB (Puc. 2).

OTU OpTHI MOMYYarOTCs MYTEM JBYX IMOCIIEIOBATEIBHBIX MOBOPOTOB — CHAdajia BOKPYT

OKpPY>KHOTO HaIpaBJICHUS HA YTOJ KOHYCHOCTH Y

62" = €8 s cosy+€3siny,

€, = egref = _e? sin Yo + eg COSv,,

(10)
a : a
e = —€] s Siny+e5cosy,
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a 3aTeM BOKPYT paJinyca Ha yroi Koco3yboctu 3 :

e?:** — e?*’
e2” = % cosp+ed sinp, (1)
e = —e%7sinp+e% cosp.

A
OpT €} HAIPABIIEH TaK, YTOOBI OPTHI €ef, €href, €3, OOPA3OBBIBANM MPABYIO

TPOMKY BEKTOPOB.

Puc. 2 Basuc koHnueckoro koco3yooro xoseca a (00JbIIero Mo JuaMeTpy), CBI3aHHBIH C
KOHTaKTHPYIOLIUM 3yOOM

Hampasnenne Hopmanu k 3y0y Kojeca OnpeeNseTcs yriioM 3alelIeHHs o

n = e? sina+e) cosa (11)

Bripaxenue (11) nenecooOpa3Ho mpeCTaBUTh B BUJIE

A A A
N = €] e +1,850er +1:€5 ’ (12)
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rne f;, f,, f; — KoHCTaHTBI, KOTOpBIE SIBIAIOTCS KOMOWHAIUSIMH TPUTOHOMETPHIECKHX
¢byakumii yrimoB o, [, y. Ilocne anreOpamveckux mpeoOpa3oBaHU HAXOIATCS

CICAYIOIHNEC BBIPAKCHUA
f, = cosy - sina. — cosa - Sin - siny

f, = cosa - cosP (13)

f, = cosa. - cosy - sinf + sina - siny

C [IOMOIIBIO HaﬁﬂeHHOﬁ HOpMAaJIN K ITIOBCPXHOCTH 3y6a OIIPCACIIACTCA BCIMYMHA
KMHEMAaTUYECKOMN OIMMOKYU Tiepeauun

AS =N - AU+ AXgrror » (14)

€ AXgrror — n00aBKa K BEIMYMHE KHMHEMATUYECKOW OIIMOKM Tepeadyu, YUUThIBAIOIIAs

AOOIIYCKKM KW  HCCOBCPHICHCTBA €€ HM3TOTOBJICHMUA. Ha ocHOBE MHOIOYMCIICHHBIX

UCCJICIOBAHUI MIPUHATO BBIYUCIIATE 9Ty J100aBKY Kak [9]
MXerror =X - (1—c08(2,w,)), (15)
rae Z, — KOJMYEeCTBO 3yObeB Ha Kojiece &; X — aMIUIUTY/a MOTPEITHOCTH U3TOTOBICHHS,

BBI6I/Ipa€Ma$I B 3aBUCHUMOCTH OT TOYHOCTHU 3y6‘laTBIX KOJECC.
HopMaanaﬂ Cujia B 3alfCIIZICHUHU MOXET OBITh BBIYMCIICHA IIO J'IHHGfIHOMy

COOTHOILLIEHUIO
F, =k,As, (16)
rie h — mmpuna 3y6a, K, — kodddurmenT sxecTkocTH 3y0uartoii mepeaun.

Koaddumument xectkoctn 3y04aToii mepegadyn B OOIIEM cliydae SBISICTCS TEPEMEHHOU

BEJIMYMHON M 3aBHCHUT OT OJHOIO M3 YIJOB IOBOpOTa Kojec (Y, WIN ) U JIOJKEH
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YUUTBIBATh pa3iuyHble OCOOEHHOCTH 3yOuaToil mepenayu, Takhue Kak YOpYyroctb H
MHOTONAPHOCTh 3alleTJICHUsl, Haluyue MoAuduUKauu npoQuiis, MakpoaePeKThl B
Kojecax u T.4. B cBoro ouepenb KOppeKkTHOE ompeseneHne KodpduimeHTa XeCTKOCTH
3y0uaToll mepeaadu SIBISIETCS] OJTHOM U3 TJIaBHBIX 3aJlay Ha dTare ONpeieieHUs BXOIHBIX
JTAHHBIX.

VYupyras sHeprus 1edopmaiuu onpeaessieTcs o CaeAyomeMy COOTHOIICHUIO

_kn (28)*
)

U (17)

[Ipu yuete 3a30poB B mepenaye HEOOXOAUMO CKOPPEKTUPOBATh BhipaxeHus (16) u

(17) mo cnenyromuM mpaBuIam

b ko (45 -09) b
- (As—b/2),§<As D <
F, = O,—%<As<g U= 01—2<A3<2 (18)
b 2
K, (As +b/2),—§>As Kn (AS;%) ,—9>As

rac b — BCJIMYMHA 3a30pa.

JHeprusi AMCCUNANNH 3y0UATO nepeaavyu
[Ipu ananu3ze 3y04aThIX Mepeiad ¢ 3a30paMu HEOOXOAUMO YUUTHIBATH JUCCHUIIAIINIO
SHEPruM B MOMEHT KOHTaKTa 3yObeB Mociie BBIOOPKM 3a30pa. PaccMOTpuM JuHEWHbIE
CKOPOCTH KOJIEC @ M D B yCIIOBHO# TOYKE KOHTAKTA:
a

_ a
Vref =Va ™ Pa®a X €yref

b

o (19)
Vief = Vb T Po®h X €
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rame Vg U Vp — JIHHEHHBIE CKOPOCTU LEHTPOB Konéc a u b; Wy m ®p — yriosse

cKkopocT Koiéc a u D. Pa3HmMIa Mexmay CKOpPOCTSIMH B TOYKE KOHTAKTa SIBIISETCS

OTHOCHTENBHOM CKOPOCTBIO CKOIBKEHHS KOJIEC
| b
Vslid = Vref ~ Vref - (20)

[Ipoekuusi CKOpPOCTM CKOJIBKE€HHsS Ha HOpMaldb K IIOBEPXHOCTHM 3y0a maér
BBIPAKEHUE VISl BEJIMYKMHBI CKOPOCTHU y1apa BIOJIb JJUHUU 3aLlCIIIICHUS
AV=n-Vgjid (21)

KOTOpasi CBSI3aHA HETIOCPEACTBEHHO € SHEPrUer JUCCUNalMy 3y04aToi nepenayu

—bm.AVZ D as
2 2

®=] 0->As>—~ | (22)
2

rie by — kospdunuent nemndpuposanus. Cornacto padore [9], €ro NPUHUMAKOT PABHBIM

k- 1212

2 b 2°

) (23)
Iz pa + 17

bm =2¢

rie & — Ko3()PUIMEHT TPONOPIUOHAILHOCTH. B cilyuae mepeMeHHOM keCcTKoCTH, Km

IMPUHUMAIOT paBHBIM CPCAHEMY 3HAUCHHIO 3a IMHUKII 3allCTIVICHUS B ITCPCAadN.
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MaTpHuIbI #KeCTKOCTH U AeMII(pHPOBAHMS, BEKTOPbI BHYTPEHHUX, AUCCUNIATHBHBIX
CHJI ¥ CHJIbI TPEHUsI 3y0uaToii neperayu
Yucnenno auddepeHuupys ynpyryroo sHepruio B 3aneriennd U 1o KoMIOHEHTaM

BCKTOpa COCTOSIHUM Y, IIOJIy4daeM BBIPAXKCHUEC IJIsI KOMIIOHCHT MaTpHIbl KaCcaTCIbHBIX

YKECTKOCTEH U BCKTOpPA BHYTPCHHUX CHJI SY6anOFO 3alCIlICHUS .

oU
Finner i = 5
[
. ) U (24)
tangij — 8y-8y-
i0Yj

AHaNOruyHO, YUCICHHO AU(dEepeHunpys SHEPTUIO AUCCUNALMU B 3aleIieHun @

II0 KOMIIOHCHTaM IICPBBIX ITPOU3BOAHBIX BCKTOPA COCTOSIHUM 38, IIOJIiydaCM BBIPAKCHHUC

IJI1 KOMIIOHCHT MAaTpHIIbI I[GMH(l)I/IpOBaHI/ISI N BCKTOpa AUCCHUIIATHBHBIX CHJI 3y6an0r0

3aHeHHeHI/IH:
oD
I:inerci = 5 $ (25)
2
C. - oD

ij Py
OROY:

Croutr oOTMETUTh, 4YTO Mg BbIpakeHud (24) u (25) MOXKHO MOJYYUTH H
aHAJUTUYECKYIO (opMy (Y4TO aBTOpaMu M OBLIO MPOJCIIAHO), HO KOHEUYHBIE COOTHOIICHHUS
MOJIYJarOTCS CJIMIIKOM TPOMO3JKMMHU W TOSTOMY HE OBUIM TPEJCTaBIEHbI B JaHHOU
pabore.

Cuna TpeHHs B 3allCIUICHUH OIPEIEIICTCS Kak B3sATas C OOpPaTHBIM 3HAKOM

HEHYJIEBasl TPOCKIMS OpTa BEKTOpa OTHOCUTEIBHOM CKOPOCTH CKOIbkeHus (20) Ha
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MJIOCKOCTh MEPIEHIMKYIISIPHOM HOpMaiu K 3yOy Kojeca (12) u yMHOKEHHAsl Ha BETUYHHY

cutbl B 3aneruieHnu (18) u koo punment TpeHust Mexay 3yObsiMH L4+

(E-nn)-vgg
Feic=—u¢ F :
fric = —Hf n|(E_nn).VS"d|

(26)

Bepuduxauus moaesau
Cnenys meroauke padoTsl [10] pemenne ypaBHeHUs (3) MPOBOAMIOCH C TIOMOIIBIO
Meroma HeromMapka ¢ TIOMCKOM JIOKQJBHOTO PaBHOBECHS BHYTPH KaXJAOro IIara
uHTerpupoBanus MmerogoM Herotona-Padcona.
B nepeom mecme mpoBonuiach TPOBEpPKA BBIMOJIHEHUS MOJEIbIO KHHEMATHUKH
CIIOKHBIX 3yO4YaThIX MexaHu3MoB. J[ist 3Toro paccmarpuBanack TpaHcmuccus (Puc.3),

COCTOSAIAs U3 KOHMYECKOW Mepeayt U MIaHETAPHOTO PEAYKTOPA.
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Puc. 3 Cxema TpaHcMuccHU U3 IEPBOTO TECTA!

1 — Bexyiee Koyeco KOHUYECKOH Mepeaayu, 2 —Be10MOe KOJIeco KOHMUECKOH nepeaayn, 3
— BOJMJIO, 4 — CaTeJUIUTBL, 5 — KOPOHHAsSI IIECTEPHS, 6 — COJIHEYHAs IIECTEPHS
Koneca koHMYeckoil mepenadyud M COJIHEYHOM IIECTEPHU HAXOIATCA B aOCOIIOTHO

KECTKUX MOJUIMITHUKAX, CATEIUIUTHI COEIMHEHBI C BOJWJIOM 4epe3 abCOIIOTHO JKECTKHE

IIApHUPBI, KOPOHHAs LIECTEPHS KECTKO 3ajenaHa. [lapameTpsl KOHMUECKOH Nepenayu u

penyKTopa npeacTaBieHbl B Ta0. 1.

Ta6u. 1 [TapamMeTpsl TPAHCMUCCUU U3 NIEPBOTO TECTA

[Tapamerp Bennunna Pa3zmepHocTh

Mopynb 3yObeB, M 1 MM

Yron gaBnenus, o 20 IpalyChl

Yron KOHyCHOCTH 45 rpamychl
KOHUYECKOW nepenauu, y

Y01 koco3zybocTH 0 TpagycChl
KOHUYECKOU nepenaud, [3

VYroa koco3ybocTu 3) Ipaychl
IUTaHeTapHOU Tepeaay, 3

KonuyectBo 3y0neB y 20 -

BEYILEro KoJjieca
KOHUYECKOU IIepesau, Z;

KonuyectBo 3y0neB y 20 -
BEIYILEro KoJyeca
KOHUYECKOU Iepenadu, Z

KomndecTBo 3yObeB 20 -
CaTEeIJTTOB, Z,

KonuyecTBo 3yObeB 70 -
KOPOHHOU IIECTEPHH, Zsg

KonnuecTtBo 3y0OneB 30 —
COJIHEYHOM ILIECTEPHH, Zg

[Iupuna xonec, W 5 MM

[1I0THOCTH KOJIEC, P 7,8-10° /MM
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0’ H
MM

XKectkocTh Bcex mepenad NMPUHUMANACh MOCTOSIHHOW M paBHOW Kp=1-1

OmmbKy nepenauu, 3a30pbl, TPEHUE U JUCCHUIMAINIO YHEPTUU CUUTAIM PABHBIMH HYIIIO.
Boauno B Tpancmuccuu ObUIO CMOJAETUPOBAHO C MOMOUIBI0 OAJOYHBIX DJIEMEHTOB W3
pabotel [16] u cumransoce Oe3maccoBbiM. K koHMYecKOW ImecTepHe | TpUKIAabIBAIN
kpyTsammii MomeHT 100. Cucrema MHTErpupoBaiach YUCIEHHO HAa MHTEPBAJIE BPEMEHH
0...10 cex c¢ marom uHTerpupoBaHusi le-4 cex. HauanbpHble YCIOBHS NPUHUMAIUCH
HYJIEBBIMH.

Ha puc. 4 u 5 npeacraBieHsl rpaduKu YIJIOBBIX U JIMHEHHBIX CKOPOCTEH KaXI0U 13
mecrepeH. KoHTponpHOE penieHHe ObUI0  MOJYYEHO 1O OOBIYHBIM  IpaBUIIaM
TEOPETUYECKOW MEXAHUKU IIYTEM MHTEIPUPOBAHUSA YPABHEHUM JBUXKEHUA TOU Ke

nepeaadu, Ho € a0COJIIOTHO JKECTKUMU KOJIECaMU.

w, paz/c

0.4’ .-‘....-‘

0.3}

0.2}

—0.1+

02+

-0.3¢
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Puc. 4 I'padyku yriaoBbIX CKOPOCTEH KOHMYECKHUX IIECTEPEHOK U BOIUIIA
(KpacHbIi), caTe/UIMTOB (CHHUI), COJIHIIA (3€JICHBIN) U rpadUKH KOHTPOJIBHBIX PEIICHUM

(IyHKTHPHBIE)

V, mm/c

—1.0¢

—2.0}

Puc. 5 I'paduku npoekiuii TMHEHHBIX CKOPOCTEH CaTEeIUITMTOB Ha OCh X (KpacHbI)
u Y (cuHM) U rpauKu KOHTPOJIbHBIX pelieHu# (ITyHKTHUPHBIE)

U3 puc. 4 u 5 BUIHO, YTO KMHEMAaTUKa OTpadaThIBaeTCsi aOCONIOTHO KOPPEKTHO.
CTOUT OTMETHUTB, YTO BBICOKAs JKECTKOCTh IE€pENayd W BOJWJIA ONPEAEISIOT MaJoe
BJIMSIHUE YTIPYTOCTH CHUCTEMbl HA KHUHEMATUKY TPAHCMHUCCHUU IO CPABHEHHUIO C a0COIIOTHO
KECTKUM PELIEHUEM.

Bo eémopom mecme ObI11 YMCIIEHHO TOBTOPEH HKCIIEPUMEHT, IPOBEICHHBIN AN30X0M
Ky06o u onyOiukoBaHHbIi B padote [19]. B ombiTe mpoBoauics aHanu3 Kod(pQHuImeHTa
AMHAMMYHOCTU CTAJIbHOM MPSIMO3yOO mepefadd B 3aBUCHUMOCTH OT YIJIOBOM CKOPOCTH.

XapaKTepruCTUKH Mepeadnl MpeCTaBIeHbI B Ta0. 2.
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GERR 1
LK1
MGTOR SHAFT 1
L 8]
| —
| K1 K.
SHAFT 2 L3AD
LY L&
GEAR 2

Puc.6 Cxema yctaHoBKH 13 paboTsi [19]

Tabu. 2 XapakTepucTUKu Nepeiladyd BO BTOPOM TECTE

[Tapametp 3HaueHHne Pa3zmepHocThb
Mopynb 3yObeB, M 4 MM
Yroa naBiaeHus, o 20 rpagycoB
KonuuectBo 3yObeB 25 —

BEIYLIETO KoJeca, Z;
KonudecTBo 3yObeB 25 —
BEJIOMOT0 KoJieca, Zp

Koaddunment 0,3 —

PONIOPUMOHAIBHOCTU &

[ToAmMMHUKKA © OCTaNbHBIE JJEMEHThl TEpelayd MNPUHUMAIUCHh aOCOJIOTHO
KecTKUMHU. M3BecTHO, 4TO mepeqada ObUIAa BBIMOJIHEHA ¢ BBICOKOH ToyHOCTBIO (JIS 0),

no3ToMy J1100aBKa AXgo = 0. McrouHukoM BO30yXIeHUs BHOpanuil B Iepenadu

SABJIAJIOCE U3MCHCHHC JKCCTKOCTH IICpPCaavu. CDyHKI_II/IS{ KECTKOCTH 3Y6anOﬁ nepeaadu,

NpeCTaBICHHAS Ha pUC. 7, Obla MoJyYeHa Mo aaroputmy u3 padotsr [20].
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Km. H/MMm

100000}
90000}

80000}

?oooo}qn ﬂ nn q ﬂﬂ n nn ﬂ ﬂﬂ ﬂ nﬂ q ﬂﬂ n ﬂn ﬂ n
- 6. pan

1 2 3 1 5 6

Puc. 7 @yHk1Ms KECTKOCTH 3yOUaToi rnepeaayu, UCroyib3yeMasi BO BTOPOM TECTE.

[lepenada packpyumBanach moctosHHbIM MoMeHTOM 1000 H-mMMm mo moctmxkeHus
ckopoctu 20000 06/MuH.

Ha puc. 8 npencrapiieHsl rpaduku KO3PPHUIIMEHTOB TUHAMUYHOCTH 13 paboThl [19]

U ITOJYYCHHBIC C IIOMOIIBIO Hpe,Z[J'IO)KeHHOI\(JI MOACIIN.
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—

| Mj . il HH M m w

0 5000 10000 15000 20000

Puc. 8 I'paduku xordpuimenTa TMHAMUIHOCTH 3y04aTON Mepeiauu, MoTydYeHHbBIN
C MOMOIIbIO aBTOPCKOM Moeu (KpacHbIi) U u3 padboThl [19] (uepHbIii)
I'padpuxn ko3 PUIMEHTOB NHHAMHUYHOCTH NOBTOPSAIOT APYr Apyra C XOpoweil
TOYHOCTBIO, & OTKJIOHEHHUS OOBSCHSIOTCS OTCYTCTBHEM YYETa Pa3IMYHBIX OCOOCHHOMN
MOCTAaHOBKH KCIIEPUMEHTA, MHPOPMAIIUS O KOTOPBIX HE MpencTarieHa B padote [19].
B xauecmee mpemveco mecma paccMaTpuBaeTcsi IpuMep, MPUBEACHHBIN B paboTe
[9]. Cxema TpaHcmuccumM U e€ XapaKTEPUCTUKHU TpeACTaBjiIeHbl Ha puc. 9 u B Tadm. 3.

Crour OTMCTHUTD, YTO B PICXOI[HOﬁ CTAThC Y BCCX BCIIMYMUH OTCYTCTBYCT Pa3MCPHOCTD.
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Puc. 9 Cxema TPAaHCMHUCCHU U3 TPCTHCTO TCCTA.

Tabs. 3 XapakTepucTUKU TPAHCMUCCHH U3 TPETHETO TECTA

[Tapamerp 3HaueHUE
Monyinb 3yObeB, M 0,15748
Vron gaBiaeHus, o 20
KonuuecTBo 3yObeB BeAylIero Koieca, Z; 25
KonudaecTBo 3yObeB BemoMoro koseca, Zo 25
Koaddument nponopuronansHocT & 0,1
KectkocTs nepenaun K, 1,477-107
JloGaBka B OIIMOKY mepenadn AXqpror 0,0003937(1 —c0SZ,,)
Mowment unepumn 1, =1y =1, 0,0102
Mowment unepuuu | 4 0,051
KpyTHIIbHAs kKeCTKOCTb Bana K 1,7-10°
KpyTHIbHAs KECTKOCTh Bana K, 3,0-107
KpytunsHoe nemndupoBanue Bana Cq 0,076026
Kpytunsnoe nemnguposanue Baia C, 0,12369
MoMeHT, nepearomuiica nepegadei | , 945,6

B pa6ote paccmaTtpuBanuch 4 ciydasi:

1) 3yOuarast mapa 0e3 3a30pa U KECTKHUE OMOPHI;

2) 3y6uaras napa c 3azopom b = 0,001 968 u xecTKuE ONOPHI;
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3) kak 1), HO yIpyrue Omnophl;

4) Kak 2), HO yIpyrue Omopshl.

B nmanHOl cTaTtbe pacCMOTPEHBI TOJBKO ciiyyau 1) U 2), Tak Kak y4eT yIpyroctu
OTIOp HE OKa3bIBACT BIUSHUS HA PE3YNbTaT.

Ha puc. 10 mnpeacraBieHbl rpadukd CWI B 3alelUiecHHH W3 pabotel [9] u

MOJIyYeHHBIE C TOMOIIBIO pa3pabOTaHHOW MOAENH JIs cirydast 1).

- EETRTT L .

g vrvirternr el L (e

- L ] _____ “%bh )

N N S ’”""M AR AN
a) 0)

Puc. 10 I'paduku cun B 3a1ienyieHUH B 3aBUCUMOCTH OT BpEMEHHU IS ciiydas 1): a) u3
paboTsI [9]; 6) moaydYeHHBIE C TOMOIILIO Pa3pabOTAHHOW MOJICIIH.
Buano, uto 00a pemeHust CXoAsATCs C JOCTATOYHO BHICOKOW TOYHOCTHIO.

Ha puc. 11 npencraBnens rpaduku CUIT B 3alIETUICHAN JUTS CITydast 2).
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F mesh
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8000

6000 |

~ o - zszjﬂhnﬂﬂﬂh Mnﬂ M

0
-2000.  |__M - ] ]
1 | | 2000
-4000.
T } 4
4000
-6000. .

-e000. | ____ ~6000

=10000. -8000

t,c

10000 g

a)

0.0005

0.001 0.0015 0.002 0.0025 0.003 0.0035

0)

Puc. 11 I'paduku cui B 3alleTUICHUU B 3aBUCUMOCTH OT BPEMEHHM JIJIs cirydas 2): a)

13 paboTs [9]; 0) MmoMyYeHHBIE C MOMOIIBIO pa3pabOTaHHOW MOICIIH.

O‘-IGBI/II[HO, 4TO PE3YyJabTaTbl Ka4YCCTBCHHO 6J'II/I3KI/I, HO IIpyU 3TOM HC HJACAJIBHO

KOPPEIUPYIOT MEXy co00il. /[ KOHTpois AaHHAs 3adada OblUla pelieHa ¢ MOMOLIBIO

cucteMbl TudpepeHanbabix ypaBHeHu (1Y) IBUKeHUs, COCTaBIEHHBIX MO MpaBUiiaM

TGOpGTH‘lCCKOﬁ MCXaHHNKHU

z-bl 2z >bl2
H[z]=:0,-b/2<z <b/ 2
z+b/ 2z <-b/2

Pemenue cuctemsl (27) npeactaBieHo Ha puc. 12.

§f—§§)+k1(el -0,)=T,

(27)
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F mesh
4000+

2000+ ﬂ
IRREN) .

.oﬁ)os 00010 p.ofi15 o[po20 [p.op25/ ofpo3o [p.0p3s

—2000+

—4000+

—6000+

Puc. 12 I'padux cuin B 3a1ierIeHNH B 3aBUCUMOCTH OT BPEMEHHU, TIOTyYEHHBIN U3
peuenust cucteMsl 1Y (27)

ComoctaBinenne puc. 116 w puc. 12 mokaspiBaeT, 4YTO pEIICHUE, HaWIECHHOE
WHTErpupoBaHueM cucteMbl 1Y, BecbMa OMU3KO K PEIICHHUIO, MOJYYEHHOMY Ha OCHOBE
pa3pabOTaHHOM aBTOpaMH MOJENH. B CBs3U ¢ 3THUM MOXHO yTBEpXKJIaTh, 4TO JHOO
peleHue, npuBeaeHHoe B padote [9], mist cirydas 2) (4, BIIOJIHE BEPOSATHO, /Ui ciaydas 4)
ABJISIETCS HEKOPPEKTHBIM, JMOO cama paboTa COAEPKUT HEMOJHbIE WM HETOYHbIE
HUCXOJHBIC JIaHHBbIE IO 3TOMY TECTYy, 4YTO OIPAHMYMBAET €ro MNPUMEHUMOCTb IS
Bepu(DUKaU MoIeNiel 3y0UaThIX rnepeaay.

3akiroueHue

B crarbe nmpencraBieHa mpoCcTpaHCTBEHHAs HEJMHEWHAs MOJeib 3y0uaToil mapsl ¢
12-t0 creneHsiMu CBOOOMBI, TPEIHA3HAYCHHAS JUIS  MOJICIMPOBAHUS  CIIOKHBIX
MEXaHU3MOB. Mojiellb MOKET COUETAThCSI C HETMHEUHBIMUA MOJCIISIMU IPYTHX AJIEMEHTOB,
TaKuX Kak BaJibl, MOAIIMITHUKHN, KOpIyca M Jp., YTO TMO3BOJISIET MPOBOJUTH aHAJIN3 HE
TOJIbKO camMoil 3yOuaToil mepenayv, HO U B3aUMHOTO BIUSIHUA KOMIIOHEHTOB POTOPHOM

CUCTEeMBl JIpyr Ha jpyra. Bepudukauums moaenu nOpoBoAWIACh HA TPEX TECTOBBIX
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IMpuUMEpax, KOTOPLIC IIOKa3aIu ee AJICKBAaTHOCTbD. Ha ocHoBaHuu BBIIIICCKA3aHHOT O,
JaHHYIO MOJCJIb MOXHO PCKOMCHIOBATb JIsA PCIOCHHUA 3adad HECJIMHEHUHOU JAWUHAMHKHU

aBHAITMOHHBIX TpaHCMHCCHﬁ.
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Developing a spatial model of a gear transmission with separate storage of
the accumulated and extra turns for solving non-linear problems of

aviation transmissions dynamics
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Abstract

Aviation transmissions ensure the torque transfer from the rotor to propeller or fan,
and accessory box drive in the engines of various types, from the engine to the shaft of the
main and tail rotors of the helicopter etc. [1-3]. Aviation transmissions should ensure high
strength properties at small size. The dynamics analysis performing seems to be the best
tool for these requirements compliance ensuring.

Many scientific papers deal with the gear transmission dynamics. The most
meaningful and interesting gear transmission models are represented in the works of

Cardona [9], Spitas [12], Qiu [13], Margielewicz [14], and Kubo [19]. Nevertheless, most


http://trudymai.ru/
mailto:vvpopov@bmstu.ru
mailto:sorokinfd@bmstu.ru
mailto:vvivannikov@alfatran.com
mailto:degs@alfatran.com

Tpynet MAU. Beimyck Ne 112 http://trudymai.ru/

of them do not account for the linear wheels movement, variable stiffness, interaction
between gears and other machine elements, and unfit for the non-stationary dynamics
studies.

The article presents a spatial model of the gear transmission capable of accounting
for the aforementioned limitations and applicable for the non-stationary dynamics problem
solving. The model is based on the Cardona’'s model [9].

The model employs Euler vector and the rotation tensor associated with it as
rotations description. The final rotation is being decomposed into the accumulated rotation
and a small incremental one. This technique allows avoiding the problems associated with
achieving exceptional points near the 2w angle [15-17].

The presented model can be employed for performing analysis of the wide spectrum
of gear transmissions, such as spur gears, helical gears, conical gears and internal gears.
The model allows accounting for the gear mesh stiffness, gear mesh damping, kinematic
error of the transmission and backlashes. The gear transmission model can conjoin with
the models of other machine elements such as shafts, bearings, cases etc.

The proposed model was verified by several well-known tests.

Keywords: gear transmissions, Euler vector, rotation tensor, tangent tensor, large

displacements, large rotations.
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