BBI3bIBACT COMHEHHE HX PaOOTOCIIOCOOHOCTD B YCIIOBUSIX JUTUTEILHOW aBTOPOTALINH.

Bbicokuii ypoBeHb KOHTAKTHBIX HAIPSDKEHHH B 3yObsIX IIECTEPEH M ITOIIIUII-
HUKaXx, a TAaK)Ke BBICOKAs TEMIIEpaTypa Maciia OIpeelisieT He00X0JMMOCTh TIpUMe-
HEHUsI TeMJIOCTOMKUX cTaje. TakuMu cTalasiMH JUIsl IIECTEPEH SBISIETCS IEMEHTH-
pyemas crans JAM-3911 u a3otupyemas crans 30X2H2BOMA-III, a ans noamun-
HUKOB cTaJlb 00beMHOH 3akanku DM-347-111. Dt cTanu Xopomo 3apeKoMeH10Ba-
U ce0si B BEICOKOHATPYKEHHBIX pemykTopax asurarenerd [-27 m AU-450. dams-
HeWIee TMOBBIICHHE CTAOMIBHOCTH CBOMCTB YKa3aHHBIX CTaJeil NOIDKHO OBITh
obecrieueHo BBEICHHEM BaKyyMHOTO TIeperuiaBa. B mepcrektiBe paccmarpuBaeTcst
NpuUMeHeHne 0Oojiee TEINIOCTOMKOH CTad ¢ KOMOWHHPOBAaHHOW XUMUKO-
TepMUIecKoi 00paboTKOH (IIeMeHTaIUA+a30THPOBaHUE), KOTOpast 0TpadbaThIBAETCS
B OI'VII "BUAM". K mnepcrnekTUBHBIM HAaNpaBICHUSM Pa3BUTUS MaTepHaJIOB
MOXHO oTHectH BHeapenue cranu BKC-10, paspaborannoii B @I'YII "BUAM" u
Joryckaromieii paboune Temiepatypsl 10 400°C, a Takke MOANIHUITHUKOBYIO CTAJb
paspaborkn YkpHUMHcnencrans. AHanu3 3apy0exHON MHGOPMAIMK TOKa3bIBaeT,
YTO Belyliue amepukanckue (upmsel, Hanpumep Pratt & Whithey Tak e nauamm
HCHOIb30BATh TEIIONPOUHBIE IieMeHTHpyeMsble cTanu EX-53, CBS-600.

AHTH(OPHUKINOHHbBIE MOKPBITHA IAIOT BO3MOKHOCTH TOBBICHUTH KOHTaKTHYIO
BBIHOCIIMBOCTD IIECTEPEH U MOJIIUIIHHUKOB, a TAaKXKEe CHU3UTH TEIUIOBBIE MOTEPH B
penykrope. I1omo0HbIE TOKPBITHS TPUMEHSIOT Ha MIECTEPHAX BEPTOJETHBIX PEIyK-
TopoB ¢upmsl Balsers (CLLIA).

OKcrutyaTanusi peyKropa B Te4eHHe Ha3HAY€HHOI'O pecypca 10 COCTOSHHMIO,
IIpeArosyaraeT HAJIMYUE AOCTATOYHO HMH(OPMATHUBHOW CHCTEMBI JHArHOCTHKH.
Kpome TpamunnoHHOTO MarHUTHOTO CTPYXKOCHTHAIM3aTOPa, PeayKTop OyneT oc-
HAIlleH CUCTEMOI KOHTPOJSI TPEeHAa KadecTBa 3alleTIeHUs, pa3pabaTbiBaeéMoi co-
BmectHO ¢ OT'VIT "LHIMAM". B coctaB cHCTEMBI BXOIAT yCTaHABIMBacMEIC B pe-
JYKTOpE BBICOKOYACTOTHBIE JATUYUKH YaCTOTHI BPAIIEHHUS BXOIHOTO M BBIXOIHOTO
BAJIOB PEIYKTOpPA, a TAK)Ke, BBICOKOYACTOTHBIE BUOpoaaTunku. Kpome Toro, B cuc-
TEMy BXOJIUT aHAJIN3ATOP, KOTOPBIH MO3BOJSIET OLIEHUBATh COCTOSHHUE PELyKTOpa
[0 U3MEHEHHUIO YPOBHEH BHOpalMi M KMHeMaTH4yecKod morpeurHoctd. IIpoToTun
STOW CHUCTEMBI HCTIBITHIBAJICS MPU CTEHIOBBIX HCIBITAHUSIX PEAYyKTOpa IBUTATENS
TB3-117BMA-CBbM1.

Cnucoxk autepaTtypsl: 1. ABnanvioHHble 3y0uaThie epeadn U peaykTopsl / I100 pedakyueti 0.m.H. npogh.
Byneakosa D. b. — M.: Mammnoctpoenue, 1981. — 374c. 2. Bupzep U.A. u op. Pacyer Ha mpoYHOCTH JieTa-
sieit MamH. CripaBoyHuK. — M.: MammHoctpoenue, 1979. — 702c¢. 3. Byaneakos O.5. 3yOuaTble niepenadu ¢
yIydIIeHHBIMH cBOicTBamMu. — M.: MammHoctpoenue, 1974. — 264c. 4. /Jonnexcans B.A. Pexykropsl uuc-
J1a 000POTOB aBHALMOHHBIX JBurarteneid. — M.: Oboponrus, 1945. — 295c¢. 5. Koonup /{. C. KonrakrHas
THAPOJMHAMHKA CMa3KH JeTaei MaiuH. — M.: MammHoctpoenue, 1976. — 304c. 6. [IponsBoacTBo 3youa-
ThiX Konec. CripaBounuk / [100 pedaxyueii 5.A. Tatiya. — JI.: Manmnoctpoenne, 1975. — 727c¢. 7. Poiowcos
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B.H. KOPOTKHH, x.1.1., 3aB. nadoparopueiit HUMM u I[IM nm. .. Boposuua
IO®Y, r. PocroB-na-/lony

KOHIEHTPAIIMS HATIPSI’KEHHWI B KOPHE
BOYKOOBPA3HBIX 3YBBEB ITPU TEXHOJIOI'HYECKHX
HEPEKOCAX B 3AHEINVIEHUHU IWJINHAPUYECKHUX
MPSAMO3YBbIX 3BOJbBEHTHBIX 3YBYATHIX KOJIEC

B crathe mpuBeJEHBI PE3yNBTAThl MOJACTHPOBAHHS MPOCTPAHCTBEHHOH KOHTAKTHOM 3aJaud B KOHEYHO-
aneMeHTHO# cucteMe ANSY'S puMeHHTENbHO K 604K000pasHBIM 3yObsIM KOJIEC [IMINHAPHYCCKUX 3BOJIb-
BEHTHBIX NPSIMO3YOBIX Tepenad. PazpabotaHbl yIoOHBIE U1 IPUMEHEHNS B HH)KCHEPHOH NMPaKTHKE 3aBH-
CHUMOCTH 1711 OTIPEENICHHs M3rMOHBIX HAIPSDKEHHUH B KOPHE 3yObeB € y4ETOM IIEPEKOCOB Oceil Konéc.

The paper represents the modeling results of 3D contact problem in finite-element software ANSYS ap-
plied to barrel-shaped teeth of wheels of the cylindrical involute spur gearing. There are developed the
simple for applications in engineering the dependencies for definition of bending stresses in root of
teeth taking into account misalignment of wheel axes.

W3BecTHO, 4TO NMIMHAPUIECKHE IBOIBBEHTHBIC TIEpEaayn, IPOEKTUPYEMBIC B
pacuére Ha TEOPETHUECKH JIMHEHHBIH KOHTAKT IMOBEPXHOCTEH 3yObeB, BeChMa UyB-
CTBHUTEJBHBI K TAKUM MOTPEIIHOCTSIM, KaK HEeMapaUIeIbHOCTh U MEPEKOC OCeH KO-
néc nepeiayn, NOrpelIHOCTh HAIIPABJICHUsS JIMHUU 3y0a U T.I1., BHI3bIBAIOIUM TOP-
LOBBI KPOMOYHEIM KOHTAKT W ITOBBINICHHBIC HANPSIKEHUS KaK KOHTAKTHBIC B 00-
JIACTH CaMOW KOHTaKTHOW IUIOMIA/IKA, TaK ¥ U3THOHBIC B OCHOBAaHHU 3yObEB, B pe-
3yJIBTATE YEro CHIKACTCS HATrPy30YHAs CIIOCOOHOCTH Iepeladd. DTO 3aCTaBIIICT
BBOJIUTH PAacUETHBIC KOA(PPHUIIUCHTH HEPABHOMEPHOCTH pacIIpeIeTICHHs Harpy3KH I10
JUTMHE KOHTAKTHBIX JIMHAUN, 3HAYEHHUS KOTOPBIX MOTYT JIOCTHTraTh 2-X u 6omee [1].

C menpio OciaOJIeHUs] WIA TIOJTHOTO HCKIIOYEHHS TOPIIOBOTO KPOMOYHOTO
KOHTAaKTa WCTIONB3YIOT MPOJOILHYI0 MOAU(DHUKAIINIO pad0IMX TTOBEPXHOCTEH 3yOh-
eB (Jaie OJHOTO U3 KOJEC maphl), MpuUaaBas UM, HallpuMep, ciierka 6oukooOpas-
Hyto Gopmy [2]. Ilpr HaATMYMKM TEXHOJOTHYECKUX MOTPEITHOCTEH U AeopMarmit
JieTayieil IPOUCXOUT MepeKaThIBAHNE TIOBEPXHOCTEN TaKMX 3yObEB B MPOAOJILHOM
HalpaBJICHUU C NIEPEMEIICHUEM KOHTaKTHOﬁ iomaaku B CTOPOHY OJHOT'O U3 TOP-
OB 3y04YaToro BeHIA.

HeobxonuMo MMeTh B BHAY, YTO MPOAOJIEHAS MOTUGBHUKAIMS TTOBEPXHOCTEH
BJICUYET 32 COOOM KOHIICHTPAIIUIO HANIPSHKCHUN B CPEHEH 9acTH 3y04YaToro BEHIIA.
[MosTomy mapaMeTpbl MOTU(DHUKAIMK JOJDKHBI HA3HAYATHCS TAKUMH, YTOOBI 3Ta
KOHIICHTpanus y 00YK00Opa3HBIX 3yOBeB HE IPEBBINIalia KPOMOYHOH KOHIIEHTpa-
MU HATIPSHKCHUH y OOBIYHBIX 3yOBEB, B MPOTHBHOM CITy4ae MPOAOIbHAS MOIU(DH-
Kanusi OeCCMBICIICHHA.

Crnemyer OTMETUTH, YTO B JUTEPAType HE MPUBOJUTCS MPAKTHUECKU TOCTYTI-
HBIX O00OCHOBaHMI MapameTpoB MHPOJOJIBHONW MOIU(HKANMK (BEIWYMHBI OTBOJA
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MIOBEPXHOCTEH COMPSDKEHHBIX 3yObEB, palilycOB NPOIOJBHOW KPUBH3HBI M T.1.),
OTBEYAIOIINX BBIIICYKa3aHHOMY KpUTEpHI0. Yallle OnuChIBalOTCS TEXHOJIOTHYECKUE
cnoco0bl Hape3aHusi 00YKO0Opa3HBIX 3yObEB, CAMU KE MapameTpbl MOAN(PUKALIUH
Ha3HAYaloTCs HEPEIKO BCICIyYO0, ""Ha IV1a30K", YTO WHOTIa IPUBOJUT K pe3yJIbTaTy,
IIPOTHBOIIOI0KHOMY OXKHIAEMOMY.

YToObl 1aTh HayYHOE OOOCHOBAHHE MAPaMETPOB MPOJOIBHOW MOIU(UKALIUH
MTOBEPXHOCTEH 3yObeB, HAaJ0, IPEXKAE BCETO, UMETh JOCTATOYHO JIOCTOBEpPHEIEC CBE-
neHns 00 MX HanpspkEHHO-nedopmupoanHoM coctostHun (HIC).

Hmxe paccMoTpeH Bonpoc 00 onpenesieHuH H3rHOHBIX HAIPSDKEHUH B OCHO-
BaHWU 0OYKOOOpa3HBIX 3yObeB, BHIIOJHEHHBIX Ha 0a3e CTAaHIAPTHOTO MCXOIHOTO

koutypa o I'OCT 13755-81 (a =20°).

YuuteiBast, 9To 6049K000pa3Hble 3yObsi pabOTAIOT B YCIOBHSIX JTOKATHHOTO KOH-
takta (00béMuoro HJC), crpykrypa paboueit popMysbl pacuéra U3ruOHBIX Harpsi-
KEHUH O MOXET OBITh NPHHSITA aHATOTUYHOH CTPYKTYpE COOTBETCTBYHOIICH (op-

MYJIbI 171t 3yOuaThix nepenady HoBukoBa, Takke pabOTAIOMIMX B YCIOBHSX JIOKAJb-
HOTO KOHTAaKTa [3, 4]:

OF ZZTYSYVecYaeKF /(mSZ)r (1)

rae T — mepeaaBaeMblil BpaIalomnid MOMEHT Ha 3y09aToM KoJece Mmapel; m — Mo-
JyJlb 3aLEIUIEHNs; z — YHUCIOo 3yObeB 3yOuaroro xoneca; Y, — xoadduuuent, yuu-
TBHIBAIOIINI BIMSHHUE MEPEKPBITHS 3yObeB, MpuHUMaeMbli 1o [1]; Y. — mpuse-
JNCHHBIA 00BEMHBIN KO3 (GuImeHT (HOpPMBI 3y0a, NMPEICTABISIONMNA CO00i MpuBe-
JICHHOE MaKCHMabHOE MECTHOE HalpsHKEHHE B OCHOBAHUH 3y0a, BRI3BIBAEMOE €/IU-
HUYHOU OKPY>KHOW COCPEIOTOYEHHOM CHIIOH, MMPUIIOKEHHOH K BEpPIIMHE OECKOHEYHO
JUTMHHOTO 3y0a e€IMHWYHOTO MOXyJs; Y,, — NPHUBEACHHBIN KOI(P(UINEHT, YyIUTHI-

BAIOLIMK paclpeselieHle Harpy3Ky BAOJb JUIMHBI OECKOHEYHO JUIMHHOTO 3y0a, Wi
HPOJOJBHYIO MPOTSDKEHHOCTD INIOIAAKU KOHTAKTa; K — KO3(DUIMEHT Harpy3Ku.
PaccmoTtpum noapoGHee mapamerps! Yy,., Y., Ky -

ae?

IIpuBenennblii 00béMHBIH K03puuuenT Y,,. ¢opmbl 3yda. PesynbTars!
ompeneneHus kodpdunuenta Yy,. u3noxeHsl B padote [5]. Tepmun "npuseneH-
HBIH" O3HAYaeT, YTO B KAa4eCTBE KPHUTEPHAIBHBIX MPUHUMAINCh HE PaCTATHBAIO-
e, a 3¢ dekTuBHBIE (PKBUBAJIICHTHBIC, OKTadAPUIECKUE) MaKCUMaJIbHBIE HaIps-
JKEHUS B TalTeny 3y0a, 4TO MMO3BOJISIET, KaK MOKa3aHo B [6], IpH OlleHKe M3ruOHOM
MIPOYHOCTH HCHONB30BaTh JIOMYCKAaeMble HANPSDKEHHs, YCTAHOBJICHHBIC NS JIU-
HEWHOro KoHTakTa [1].

HccnenoBanue MpoBENEHO € IMOMOILIbIO YHCICHHOIO METOAa B KOHEYHO-
aneMeHTHOH cpene ANSYS. B kadecTBe Mozen UCIIONIB30BaH NpsIMOH 3y0, Haxo-
JSIIUHACS 1O NEWCTBUEM EAMHMYHOM COCPENOTOYCHHOW OKPY)KHOW cmibel F, =1,
JOCTATOYHO yIAIEHHOM OT TOpLOB 3yOa. dopMa, TUIT U pa3Mepsl XKECTKOI 3a1eKu
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3y0a, KOMIICHCHPYIOIIEH OTOPOIICHHYIO YacTh 0004a 3y0UaToro Koiieca, a TaKkxke
KOJIMYECTBO IJIEMEHTOB CETKHM Pa3OMEHUsI MOJIOUPAINCh TaKuM 00pa3oM, YTOOBI
MoJTy4aeMble IPY PELICHUHU TUIOCKOH 3a7a4uu (7151 TOPIIOBOTO cedeHust) Kodhduuu-
eHTBl Ypg (OPMBI 3y0a MUHUMAIBEHO OTJIMYAIHCH OT U3BECTHBIX [7], MTOIyYeHHBIX

METOJIOM KOH(POPMHOTO 0TOOpakeHUs. Takoe TeCTHPOBAaHUE NPH YCIOBUH TPaHC-
JMPOBAHMS yCTaHOBJICHHBIX IIAPaMETPOB 3a/€JIKU BIOJb JUIMHBI 3y0a HaéT BO3-
MOXHOCTh 00BekTHBHOTO comocTaBienus HJ/IC B ocHoBaHMM O0OYKOOOpAa3HBIX H
OOBIYHBIX 3yObeB B 00OBEMHOM citydae. [IOTOTHUTENEHBIM KPUTEPHEM IPaBHILHO-
CTH PacdETOB CIY>KHJIO J0Ka3aHHOE B [8] Moso’keHue 0 TOM, 4TO IuTomaap P amro-
PBI PACTATHBAIOIINX HANPSDKEHUH 3y0a BJOJIb €ro JUIMHBI OT COCPEOTOYCHHON CH-
JIbl paBHA HAIIPSHKEHUIO MIPY TTIOCKOM H3THOe.

Hwxe npuBenens! paspaborannsie puOImmkEHHbIE hopmysl (2), (3) amst on-
peneneHus MPUBEAEHHOTO 00BEMHOTO Ko3hduLueHTa Y),. B 3aBUCUMOCTH OT z U

* v vy
CMCIICHUA X HUCXOIHOU PECUKU:

* o v v
- st ooimactu 0<x <1.2, T.e. MOJIOKHUTENBHBIX 3HAYEHUI CMEIIEHNA MCXOIHON

perku
153 1.6JInz-(x)*"

Yy = 0.8+ o ; @)

z

* o (v o
- it oonactu — 0.6 <x <0, T.e. OTpHULIATEIBHBIX 3HAYEHUH CMEIIEHUH NCXOJHOH
perku

1.53 160|x" "4
+

Yy = 0.8 i 3)

z

(3mecy m manmee BepxHEH 3BE3OUYKON MOMEYEHBI JTUHEWHBIE BEMYMHBI, OTHECEH-
HBIC K MOJIYJIO).
IpuBenennstii ko3ppunnent Y,,, y4uThIBAIOIWINN pacnpefejieHHe Ha-

rPY3KHM MO IJIOINAJKe KOHTAKTA BAOJb JJIMHBI 3y06a. [Ipu 3auerieHnd mapsl
3y04aThIX KOJEC HArpy3Kka pacrpelelieHa Mo 04eHb y3KOH, BBITSIHYTOW BIOJb JUIH-
HbI 00YKO0Opa3HOTO 3y0a YCJIOBHO OJIITUNTHYECKOH KOHTAKTHOW IIJIOMIAAKE C
OOJBIION MONYOChIO @y SIUIUIICA.

Ecnmu 0603HauNTh: O,y — NpUBeAEHHOE 3(D(HEKTHBHOE M3THOHOE HAaIpske-

HHUE OT IeHCTBUA paclpenenéHHON Harpy3Ku (IIPH YCIOBHU JOCTaTOYHOTO yale-
HUSI TUTOIIAZKH KOHTAKTa OT TOPLOB 3yObEB), O f,. — TO XK€ OT IEHCTBHS COCPENO-

TOYECHHOM CHJIbI, TO MOXXHO 3alliCaTh:
O Fed = Yan-Fec . (4)

Panee [5] ObUI0 ycTaHOBIIEHO, YTO 3()(HEKTUBHOE HANPSDKEHUE O, U IIPUBE-
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JIEHHBIH 00BEMHBIH KO3(hPUIUEHT V), CBA3aHBI 3aBUCHMOCTHIO:
2
YVeC = O pecM /F; . (5)
Ha ocroBanuu (4) u (5):
2
Yae = O Fed /O-Fec = O peqm /(YVeth) . (6)

Ob6o3navyass Oe3pasMepHbI mapamerp Y, =0 Fedm2 / F,, BbIpakarouun

NIPUBEACHHOE HAIPSDKEHUE OT €IMHUYHON paclpelesIEHHON OKPY>KHOM CHIIBI IIPU
CANHUIHOM MOIYJIE, TIOJTYYUM:
Yae:YVed/YVec' (7)

[Ipu pemreHNr KOHTaKTHOHN 3aayl BBIOpaHa MOIENb, COOTBETCTBYIOMIAS NSH-
CTBHIO HOXKH 3y0a CONpsDKEHHOTO (ITapHOTO) 3y04aToro Kojeca Ha BEpPIIMHHYIO
KPOMKY TOJIOBKH HCCIIEIYeMOro 3y0a.

[TockompKy HOXKKa 3y0a MapHOTO KOJIeca MPEeTepIeBaeT MPAaKTHYECKH TOIBKO
KOHTAKTHBIE eopMannu (M3rHOHBIMUA MOYKHO TIpeHeOpeUh B CHITy X HUYTOKHOCTH
M3-32 YPEe3BbIYAHO MaJIOTo IIieya JEHCTBYIOMIEH Ha HOXKKY CHIIBI), TO JUIS YIIPOIIe-
HUS MOJIEST HOXKKA [TApHOTO 3y0a 3aMEHEHa YIPYTrHMM HHAESHTOPOM C MPOQHIBHBIM
PamnycoM p, KPUBH3HBI 3BOJILBEHTHI HOXKKM B TOYKE KOHTAaKTa. B IipomonsHOM Ha-

MpaBJICHUU, T.C. BAOJIb IJIMHBI 3y6a, HWHACHTOPY IpHJaHa KPpUBHU3HA paguyca p B>

YTO COOTBETCTBYET YCIIOBHIO JIOKAILHOTO KOHTaKTa H0UYK000pa3HbIX 3yObeB.
Kaxk noxasanu ucciieoBaHusi, OCHOBHOE BIMSHUE Ha IIapaMerp Y,, OKa3blBa-

* (V)
€T BEIUYHUHA OOJIBIIONH MOJIYYOCH KOHTAKTHOI'O JJUIHIICA, KOTOPYHO MOXKHO pac-

CUHTBIBATH 10 ['epiry.

st paccMaTprBaeMoOro Ciiydasi CHIIBHOM BBITSTHYTOCTH 3JUIHIICA (9KCIEHTPH-
CUTET KOTOPOTo ONMM30K 1) BAONH UIMHBI 3y0a MpemIokeHa IpruommkEHHas Gop-
MyJIa OTIpeeeH s TPOJOIBEHOM IOJIyOCH IISITHA KOHTAKTa:

ay =2.565107C " (F,-py lcosa)'?, (8)

rae C,p — OTHOLICHHE MEHBIIETO (MPO(GHILHOTO) IPUBEACHHOTO IIABHOTO Pajiiy-
ca p, KPUBU3HBI KOHTAKTHPYIOLIUX MOBEPXHOCTEH K OoublIeMy (IPOIONBEHOMY)
NPUBEJICHHOMY ITIABHOMY PaJyCy pp B TOYKE KOHTAKTa.

B tabmuue 1 npuBeneHs! pe3ynbTaThl YUCISHHOTO ONpeeNieHHs TapameTpa Yy,
U MICKOMOTO Tapametpa Y, = f (a;) npu m=Imm, p; =4, ;yiHe 3y0a b:,=16...20,
x" =0 15l pasIMUHBIX 3HAuEHMH 2 . 3HaueHus Y}, B34THI U3 paboTHI [5].

*
IToMumo a, TP MOJENMPOBAHMM WCCIIENOBANOCH BIHMSHUE Ha Kod(dumm-
53

*
eHT Y, Takux napamerpos, kak m,F;,z,x ,p, ,pg. Ilpu sToM ycTaHOBICHO
clemyroniee.

Tabmmal — Pe3ynsrars! pacuéra mapamerpa Y, mpu m =1vm, pz* =4, b: =l16...20, x =0

Ne Hcxonnble naHHbIE Pesynbratsl pacuéra
n/m z P B> MM F't ,H 611*_1 Y, Vec YVed Yae
1 800 0.304 0.846 0.956
2 4000 1 0.553 0.837 0.946
3 10000 0.778 0.885 0.824 0.931
4 17 4000 100 2.57 0.588 0.664
5 800 1000 3.04 0.521 0.589
6 10000 100 3.61 0.476 0.538
7 4000 1000 5.53 0.338 0.382
8 800 0.304 0.828 0.946
9 10000 1 0.777 0.805 0.920
10 20 800 3.04 0.875 0.496 0.567
11 4000 1000 5.53 0.313 0.358
12 800 0.303 0.804 0.926
13 10000 1 0.775 0.780 0.899
14 25 800 3.03 0.868 0.479 0.552
15 4000 1000 5.51 0.302 0.348
16 800 0.303 0.793 0.926
17 10000 1 0.774 0.767 0.896
18 30 4000 100 2.55 0.856 0.531 0.620
19 800 1000 3.03 0.469 0.548
20 10000 100 3.59 0.426 0.498
21 4000 1000 5.50 0.295 0.344
22 800 1 0.301 0.763 0.932
23 4000 0.547 0.748 0.913
24 60 100 2.54 0.819 0.508 0.620
25 800 1000 3.01 0.448 0.547
26 10000 100 3.57 0.407 0.497
27 4000 1000 5.47 0.284 0.347
28 100 4000 1000 5.45 0.810 0.278 0.343
29 800 0.299 0.746 0.933
30 4000 1 0.544 0.732 0.915
31 150 10000 0.765 0.800 0.718 0.898
32 800 1000 2.99 0.439 0.549
33 10000 100 3.55 0.397 0.496
34 4000 1000 5.44 0.277 0.346
35 200 800 1 0.299 0.798 0.744 0.932

1) Ilpn u3menennu cunbl F, M Moxynst m (M, COOTBETCTBEHHO, IPOIIOPIINO-

HAJIBHBIX MOAYJIIO MapaMe€TpoB X, p, H pﬁ) TaKUM 06pa30M, 4YTO OTHOIICHHC
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. *
F,/ m?* 0CTagTCs HEM3MEHHBIM, BENMUMHA W, cIeoBaTenbHO, Ko3(hUIUeHT
Y,, Taroke He U3MEHSIOTCS.
*
2) Ilapamerp x NpaKTUYECKH HE OKa3bIBAET BIUSHUSL Ha Y, .

3) HapaMeTpLI Z U P, OKa3pIBAIOT HE3HAYUTCIBbHOC BJIUAHUE HA Y

ae>

TIpH-
9E&M YHCII0 3yObeB 3TO BIUSHHUE OKa3bIBaCT TONBKO B quamazoHe z =17...30.

O0paboTka pe3yybTaToOB MOJCIMPOBAHHS TO3BOJIMIA BBIBECTH CIIEIYIOILIYIO
MPUOIHKEHAYIO alllIPOKCHUMAITMOHHYI0 (hopMyITy:

0.12(a")?
1+0.21a" +0.12(a")
17 < z < 30.

Y, =1-0.97(p, )" ~+0.0031(z=17) |, 9)

Ipu z <17 cuenyer B (9) moacraBusath z =17 , anpu z > 30 — moACTaBIATH
z=30.
Kos¢uumnent K, narpyskm. Cnenys craHmaptHoil metomonoruu [1], xo-

3¢ QUIMEHT HArpy3KH MOKHO TIPEICTABUTh B BUIE:
Kp =K, KpKpoKpg, (10)

rae K, — kodhduueHT yuéra BHEIIHEH AMHAMHYECKOH Harpysku; K, — Kodg-
¢uueHT yuéra BHyTpeHHel A1uHaMu4eckoil Harpysku; K, — koadduuuent yué-
Ta PACNpe/IeIICHUs HATPY3KU MeXAY 3yObsiMit; K pp — KO3(GULMEHT yuéra Hepas-

HOMEPHOCTH pacTpeeNIeHNs] Harpy3KH 10 [UTMHE KOHTAKTHBIX JIMHHH.

Yro kacaercs koadduuentoB K ,, Ky, U Kp,, TO UX ONpeaeneHne B rep-
BOM TPUOJIMKEHHUH MOXKET OBITh BBIMOJIHEHO 10 [1], T.e. Kak 1yt mepeaad ¢ o0bIy-
HBIMH 3yObsiMH. [IpH 3TOM JIOTMYHO TPEATON0XKUT, YTO IIPH TAKOM IOJXO0JIE Ha-
MIPSDKEHUST IS Tiepeaady ¢ 004Koo0pa3HbIMU 3yObsIMH OKaXYTCS HECKOJIBKO 3aBBbl-
IIEHHBIMH, T.K. PEeaJIbHbIC 3HaueHHs KodQPuIeHToB K, 1 K, Iud HUX OyayT
3aBEJOMO HIDKE 3HAUCHUH COOTBETCTBYIOIIMX KOX()(MUIMEHTOB Ui mepenad c
0OBIYHBIMU 3yObsMmH. [lonoOHOE TPEnnoIoKeHne OCHOBAaHO HA TOM, YTO, BO-
MIEPBBIX, KOHTAKTHas JKECTKOCTh O00YKOOOpa3HBIX 3yObEeB B CHITYy JOKAJIHLHOTO Xa-
pakTepa KOHTaKTa HIKE, YeM OOBIYHBIX M, BO-BTODPBIX, TOPLBI OOYKOOOpa3HBIX
3yObeB, B OTJIMYME OT OOBIYHBIX, HE IMPETEPIIEBAIOT PE3KHX KPOMOYHBIX Y/AapOB
P TIEPECOTPSHKECHUSX.

Ompenenenne sxe koohuumenta Ky, it 604K000pasHbIX 3yObeB 10 CpaBHE-
HUIO C €r0 OIPECIICHUEM I OOBIYHBIX 3yOhEB MMEET CBOIO CIEIU(HKY, TTOCKOIBKY
TIPOAONbHAS MOIM(HIKAINS TTOBEPXHOCTEH KaK pa3 W MpeIHa3HayeHa IS CHYDKCHHS
TOPLOBOH KOHLICHTPALMH HATPY3KH, U, CIEJI0BATENbHO, Koddduryenta K pyq .

PaccmoTpum 3TOT BOmpoc oapobHee.
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Beolie ykaspIBajioch, YTO NPH HAIMYMM PA3IMUYHBIX IIEPEKOCOB B 3aLCIVIEHUU
MIPOUCXO/UT TIepEKaThIBAaHNE MOBEPXHOCTEH O0YKOOOPa3HBIX 3yObEB B MPOIOIBHOM
HalpaBJieHHH C TepeMeIIeHeM KOHTAKTHOW IUIOMIAJKK B CTOPOHY OJHOTO U3 TOp-
LIOB 3y04aToro BeHI[a. TO O3HAYaeT, YTO TOYKA MEepBOHAYAILHOIO KOHTAKTa Iepe-
MECTHTCS Ha HEKOTOPYIO BEIMYUHY S OT CepeIMHbI 3y0UaToro BeHIa K ero Topiy:

S=rs py. (11)

371€Cch CyMMapHbIi yrosl yy MOMKET ObITh NPEICTABIIEH KakK
Vs =Vmt Yo (12)

rzie y,, — Yol IepeKoca, BBI3bIBAEMbIN TEXHOJIOTHYECKUMH ITOTPEITHOCTAMH U3r0-
TOBJIEHUS U cOOpKU 3yOuaToil mapsl; y, — yroi nepekoca, BbI3bIBaeMblil fedopma-

LIUAMH JeTajedl 1oJ| Harpy3KOod U OIpeaensieMblil IIPpU M3BECTHOH KOHCTPYKLUH
MIPHUBOJIAa METOJAMH, U3JIOKEHHBIMH, HAIPUMED, B [2], WM B MPOEKTHBIX pacdéTax
OpUEHTHPOBOYHO TIpuHUMaeMsli B auamna3one (0.0005...0.002)paxn [2].

VYron y,, 3aBUCHUT OT CTETIEHH TOYHOCTH 3y04aThIX KOJIEC IO HOMaM KOHTAaKTa

[9], oH HOCHT BEpPOSATHOCTHBIN XapaKTep U B COOTBETCTBHH C [2] u [4] MOXKeET OBITh
BBIUHCIIEH 110 3aBUCUMOCTH:

Yo = Fp + Fly+(fysina) +(f, cos@)” ((K,b,), (13)

roe F 31,2 — JOIYCK Ha HAIPaBJICHHC 3y0a (31ech U Janee HmKHHUNA wHAeke "1" oT-
HOCHUTCS K BEIyIlell mecTepHe, nHaekc "2" — kK BeqoMoMy Kojecy); f, — HOIycK
HenapaieIbHOCTH OCel mepenaun; f » — HOICK Ha IEPEeKOC Oceil mepeaay; K.

— ko3 PUIHEHT, 3aBUCAIINI OT 3aKOHA paclpeAeIeHus MOrPenHoCTel, TIPH HOP-
MaspHOM pacrpenenenun K, =3; 1 — xodddunueHt, 3aBUCAIINN OT NPHHATON

""cTeneHu pucka', mpu pekoMeHayemoit "crenenu pucka" 3% on pasen 17=2.17 [4].
YunrsiBas, uto, cornacHo [9], Fg =Fyz =Fg =/, f, =05F;,a= 20°,
NoTy4uM Ha ocHoBaHUH (13) mpocTyto pacuéTHyI0 Gopmyiy:

Vm =11F; /b, . (14)

MoaenupoBaHue KOHTAKTHOW 3a7auu pu S # 0 B IMIMPOKOM JHAIa30HE T€0-
METPUUYECKUX MapaMeTpoB Iepeaad Moka3ajao, YTO Ha BEIMYHMHY MAKCUMAaJIbHOTO
3¢ (EKTUBHOTO HAMIPSHKEHUSI OTPEICTISIONICE BIUSHIE OKa3bIBAIOT, B OCHOBHOM JIBa

(axropa: oTHOWEHKUE ay /b, H, pasymeercd, yron yy (T.e. cMemenue S ). Uro

*
Kacaercs Apyrux mapamerpos (m,F,,z,x ,p, ,pp), 10 ux Bmmusaue Ha HJC
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MIPAaKTHYECKH TAKOE XKe, KaK U pAaCCMOTPEHHOE BBIIIIE.
Be16op otHomeHus ay /b, (1, CIeNOBaTENbHO, Ay ) JOCTaTOUHO IPOHU3BO-

JICH, OAHAKO HeO6XOZ[I/IMO IIOMHUTB, YTO IIOMHUMO BBIYUCJICHUSA I/ISFI/I6HI)IX JOJI’)KHBI
KOHTPOJIMPOBATHCS U KOHTAKTHBIE HANPsDKEHUS Ha IUIoIaaKke KoHrakTa. (Bompoc o
KOHTaKTHBIX HANpPsDKEHUSAX B JTAaHHOW paboTe HE paccMaTpUBAaeTcCs, SIBISSICH TpeN-
METOM OTIEJIbHBIX UCCIIEIOBAHUN).

BrIOpaB 13 TeX WM MHBIX COOOpaXKEHUI OTHOLICHUE dy /b,, ¥ ONPEAEIHB Tpe-

Oyemoe 3Ha4YeHUE dj; , HAXOAAT 13 (opMybl (8) HEOOXOANMBII TIPOJONIBHBIN paanyc
P > IPU KOTOPOM TOJ ACHCTBUEM 3aflaHHOIO yennust F, JIOJDKHA 00eCrieunBaThCs

BCJIMUUHA dp ©

p; :l.806~104(a:,)2'69(p2)0‘103(Ft/m2)70'897. (15)

IomyTHO OTMETHM, YTO, 3HASL P4, JIETKO ONPEEIUTh BEIMYNHY A TOPLOBO-

TO OTBOJIA TIOBEPXHOCTEHN 3y0OheB (HAa3bIBAEMYIO MHOT/A CTENEHBIO G6OYK00OPa3HO-
CTH), HEOOXOIUMYIO JIJIS HaJa ki 3y0000padaThIBAIOIIETO CTAHKA:

A=Db}/8py). (16)

B pesyinbrate MOA€IMPOBAHUS MOy 9EHBI HCKOMBIE KOO duImEnTs Ky Kak

OTHOILICHUE HANPSIKEHUS O p,, TIPU HEPEKOCaxX K HANPSDKCHUIO Op,; O€3 mepexo-
COB, WJIM KaK OTHOILIEHHUE COOTBETCTBYIOLIUX Oe3pa3MepHbIX K03 duIreHToB:

K g =0 reas ! O rea = Yveas ! Yvea - (17)

*
MogenupoBaHue OCYLIECTBIIIOCh Ipu b, = 20 . [l pacpocTpaHeHus MOIy-

*

YCHHBIX PE3YyJIbTATOB HA m000€e 3HaUEHUE bw , BBCIICH HOpMI/IpOBaHHHﬁ napamMeTp

t=208"/b., . (18)

Hmwxe npuseneHa wuroroBas pacuéTHas TaOnuua 2 [A0d OHpeNeNeHUs
Kpg=f(ay/b,,1).

NurepecHo ormeruts, 4T0 1pU ay /b, < 0.3 sHadenns Kpg pasHbl | win
Omm3KkM K 1 nmake MpW cpegHMX 3HAYeHMsAX ¢ =5, a mpu ay /b, > 0.3 3Ha4yeHUA
K 5 HauMHAIOT 3aMeTHO mpeBbllath 1 yxe npu Mainsix ¢ = 1. [ocnennee oGbsic-
HSIETCS TEM, UTO NP 3HAYMTENBHBIX ay /b, Ha HJIC HauMHaoT BOMATE 00a TOpIa

naxe npu ¢ =0. Bo usbexanue cyiiecTBeHHOro Biausaus TopuoB Ha HJIC 3y0nes,
pEeKOMeHAyeTCst orpaHnunBaTh 1 <9 u ay /b, <0.5.
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Tabnuma 2 — Onpenenenue koaddurpenta K Fp B 34BHCHMOCTH OT djp /b, ut

‘ 3 5 6 7 8 9
a0y T T 00 | 1o | tor | 107 | 120 | 143
‘ 1 2 4 6 g 9
@ /0y=02 e T 00 | 100 | 100 | 109 | 129 | 144
‘ 17 35 5 6 75 9
@ 10y=025 e T 00 | 102 | 106 | 113 | 127 | 143
f 13 27 4 6 g 9
a0y =03 g 100 | 102 | 107 | 118 | 136 | 145
‘ 1 3 5 7 g 9
apy /b, =04 Kpp 1.09 1.14 1.24 1.37 1.45 1.52
‘ I 3 5 7 g 9
@ /bu=05 T 1 as | 129 | 136 | 147 | 153 | 159

BrinosHeHHOE McceoBaHue MO3BOJISIET ¢ romousio dopmyn (2), (3), (9),
(15), m Tabsmup! 2 onpenensTh U3rHOHBIE HANPSDKEHNST B OCHOBAaHUM 0OYK00Opa3-
HBIX 3yObeB KOJIEC MPAMO3YOBIX HMIIMHIPUIECKIX 3BOJIbBEHTHBIX Iepead IpH Ha-
JIMYUY PA3IUYHBIX IEPEKOCOB B 3aLICIUICHHH.

IIpumep pacuéra. Ilycte TpeOyercss onpenesmTh M3TMOHOE HANpSDKEHHE B
OCHOBaHUM O0YKOOOPa3HBIX 3yObeB BEAyILEH IECTEPHU LMIMHAPHYECKHX IBOJIb-
BEHTHBIX MNPsAMO3yOBIX Mepenad IO CIEAYIONMM HCXOAHBIM TaHHBIM: M =5MM,

z,=20, z,=60, b,,=80mMm, xl* =04, x; =-0.4, T,=2400 H-M (Ha BegOMOM Koirece),
3yOuaThie KoJéca U3rOTOBJICHEI Ha OCHOBE McxonHoro kKoHTypa o OCT 13755-81
(a=20°) u umeroT 9-10 CTENEHb TOYHOCTH 110 HOpMaM KOHTaKTa [9].

Cornacao [1] npuammaem: Y, =1,K , =1,Ky, =1,Kp, =1, a o pekomeHaamny-

aM [2] npuHuMaeM yron y, paBHbM 0.0007 paa. Torma ¢popmyina (1) nmpumer Bux:
0 1 = 20007, (Yyes )1 /(mSZz) >

rae (YVeds)l = YVecl YaelKFﬂl .
1. Tlo (2) maxommm:
Yot = 0.8+1.53/20-1.64/In20 -0.4%613 /20%%%% = 0.778..

2. Tlonp3ysace u3BectHBIMEH [10] dopmynamu, ompenenseMm, 9TO NTPOQHUIBHEIN
MPUBENICHHBIA TJIABHBIH paJiiyC KPUBHU3HBI B KOHTAKTE BEPIIMHBI IIECTEPHH

21 =20 c Ho)KOl KoJeca z) =60 paBeH (pZ ), =3.41.

3. 3amaémcs oTHOWIEHUEM ayy, /b, =0.3, a;=24mm, a;” =4.8. Ilo (9) Haxoxum:
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0.12-4.8>
1+0.21-4.8+0.12-4.8>

Y, =1-0.97-3.41%08 +0.0031(20-17) | = 0.402 .

4. CormacHo [9] Fy = 0.040 MM, Torza Ha ocroBanuu (14) u (12) nvmeem
7y =1.1-0.04/80+0.0007=0.00125paz.

5. OmnpenensieM OKPYXXHYIO CHITY
F, =20007, /(mz,)=2000-2400/(5 - 60)=16000H.

Torna daxrop F,/ m*=16000/25=640MI]a.
6. TIlo (15) HaxoauM TIPOIONBHBIN PUBEICHHBIN TIIABHBINA paqlyC KPUBU3HBIL:
Py =1.806-10*-4.879.3.41%17 .6407%7 = 4236..

7. Tlo (11) u (18) ompenensiem §7=0.00125-4236=5.3, t=5.3-20/16=6.62.
8. Ilo Tabmume 2 ¢ TOMOWIBIO JIMHEHHOM wWHTepnomsmuud mius ¢ =6.62 u
ay, /'b,,=0.3 onpenensiem Kpp =124
9. Temneps: (¥),4); =0.778-0.402-1.24 = 0.388.
10. Mickomoe m3ruOHOe HaIPsHKEHNE B OCHOBAHUH 3y0a MIECTEpHU:
Op = 2000~2400~0.388/(53 -60) = 248 MI1a.

11.Tlo (16) ompenenseM BeMMYUHY A TOPIIOBOTO OTBOJIa MOBEPXHOCTEH 3yObEB,
HEOOXOAUMYIO IS HaJIaJAKK 3y0000padaThIBAIOIIEIO CTAaHKA!

A =807 /(8-5-4236) = 0.038 MMm.
Pabota BeImoHeHA IpH GUHAHCOBOH Mo yIepxkke rpanta PODU 10-08-00031.
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T-FLEX PARAMETRIC CAD 1 TPEXMEPHOE
MOJEJIUPOBAHMUME B JETAJIAX MAIITNH

TIpencraBneHo neski pesynbrat 3actocyBanHs nporpamu T-FLEX parametric CAD 1o TpuBHMipHOTO
KOHCTpPYIOBAaHHS JeTajleil MallliMH — IIKiBiB, 3ipOYOK, 3yOuacTHX Koiic. BUKOHaHO mpuKIa]g KOHCTPYIO-
BaHHsI IIKiBa MTACOBOI Tepeaadi.

Some results of application of the program T-FLEX parametric CAD to three-dimensional constructing
of details of machines — cones, asterisks, cog-wheels are submitted. The example of constructing of a
cone of belt transmission is executed.

IMocranoBka mpo6semsl. B HacTosmee BpeMst Bce OoJiee MHUPOKO UCTIOINB3Y-
eTcsl TpeXMEepHOe KOHCTPYHPOBAaHHE B KOHCTPYKTOPCKHX OIOPO, a TaKKe B CTY/ACH-
YEeCKOM MNpaKkTUKe KOHCTpyupoBaHUs. OCOOBIM HMHTEpEeC BBI3BIBACT TPEXMEpPHOE
KOHCTPYHMpOBAaHME C ITapaMeTpH3alliel psiia MmapaMeTpoB KOHCTPYKIMH, YTO MO-
3BOJIIET PACHIMPHUTH 00JIACTh MCHOIB30BaHUS Pa3padOTaHHON KOHCTPYKIMU IIKH-
BOB, 3B€37I09€K, KOJIEC Ha PsIJI 3THX K€ JeTaJeH, HO ¢ I3MEHEHHBIMH ITapaMETPaMH.

Anamm3 aurtepatypsl. T-FLEX parametric CAD — cuctema aBToMaTH3upo-
BaHHOTO KOHCTPYHMPOBAHUSI, KOTOPAsi [TO3BOJISIET BHICOKYIO CTETIEHb M3MEHEHHsI CO-
JIep)KaHMs YepTexa MPH MOCTOSIHCTBE KOHCTPYKIIMOHHOTO PEIIeHUs, 3aJI0KEHHOT0
KOHCTpYKTOpOoM [1].

IMon mapamerpu3anyeil MOHUMaeM MHOTOKPAaTHOE HCIIOJIb30BaHHUE TEXHHYE-
CKOTO YepTeka ¢ BO3MOXXHOCTBIO M3MEHEHHS €ro mapaMeTpoB. TeopeTuuecku Bce
nmocnenaue CAD-cuctemsr, SOLID-WORKS, KOMITAC nexmapupyroT 0 BO3MOX-
HOCTH TIapameTpu3aiun deptexeid. Ho paspaboranHbie paHee, 10 MOSBICHUS KOH-
LENIHUN TTapaMeTPH3alii, 3TH CHCTeMBbI 0a3UPYIOTCS Ha BHYTPEHHEH OpraHn3anuu
JAHHBIX, KOTOpas HE HAMWIyYIIMM CHOCOOOM COOTBETCTBYET MapaMeTpu3alud U
MPUBOIUT K Mast03()(EKTUBHBIM I OTPAHUYEHHBIM PEILICHUSAM.

Ot koHcTpyKTOpa, padoratomiero ¢ T-FLEX CAD, He TpeOyroTcs criernuaib-
HBIX 3HaHWI U3 objacTu mporpamMMmupoBaHus. [lapamerpbl yeprexka MOTYT OBITH
M3MEHsIEMbIE HJIM 33[]aBaeMble B COOTBETCTBHHU C MPEICTABICHHBIMH 3aBUCHMOCTSI-
mu. Mx onpenesneHre MOXXET OBITH BBINOJIHEHO B Hadasle MM BO BpeMs Ipoliecca
KOHCTPYHPOBAHUSI, TOJYYEHO U3 IPYyTUX YepTexeil mim 6a3 JaHHbBIX, YTO YBEINYH-
BaeT BO3MOXKHOCTH MOAN(HKALIUK PUCYHKA 10 OECKOHEYHOCTH.

Co3aHHbIe TPEXMEPHBIE NTAPAMETPUIECKHE MOAETH KOHCTPYKIMHU JIETKO MO-
mudumupytotes. [Ipu mapameTpudeckoM M3MEHEHUH ABYXMEPHBIX MOJENCH dep-
TE)Ka aBTOMATUYECKH N3MEHSAIOTCS TapaMeTphl TPEXMEPHOH MOZEIH M HA000pOT.

Hcnone3yemast TeOpHsl U alrOPUTMBI IPOCTHIE W JOCTYIIHBIE AJISI TT0JIb30BATE-
151 6€3 crennanbHOM MOTOTOBKH.
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