3 . .
3amii cxagae 3352, 7cm, mo Ha 35% MeHe Big nodatkoBoro Bapianta KII. Ipu oMy
Tpeba BpaxOBYBaTH, IO 3MEHINCHHS MiochoBOI Binctani KII mpuBene i 1o icTOTHOTO
3MeHILIeHHsI 00’ eMy Koprychux netaneii KI1.

3akia0ueHHs. Y poOOTi pO3TIITHYTI pe3yNIbTaTH ACIKIX BapiaHTIB ONTHMAIIh-
HO-paIlioHaTBHOTO TpoekTyBaHHs 3yddactux map KII aBromo6ins 3uJl-4327 3 me-
TOI0 TIOKpAIIeHHS X Maco-Ta0apUTHUX XapaKTEPHCTHK i 30UIBIICHHS 3HAYCHHS
KPYTHOTO MOMEHTY, III0 MOKe IepejaBaTh sl KOpoOKa mepeaad.

OtpuMaHi pe3yNIbTaTH MOKa3ylOTh HA MOXKITMBICTE 1 HEOOXiTHICTB OLTBII MIUPOKOTO
BIIPOBA/PKEHHSI METOZOJIOTI]  ONTHMAJIbHO-PALliOHAJIBHOTO TPOEKTYBAHHS TEXHIYHUX
00’€KTIB, SIK MEXaHI3My KepYBaHHSI SIKICTIO, Y IPaKTUKy npoektyBanHs KI1 aBToMoOLIiB.

Cnucok gireparypu: 1. Pexneiimuc I'., Petisuropan A., Peccoen K. Ontummsanys B Texauke. B 2-x ku. lep. ¢
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Jlo MUTaHHS ONTHMAJILHO-PALIOHATILHOTO MPOEKTYBAaHHSI KOPOOKH mepeaau aBToMOGias /
I1.M. Kaginin, M.€. Ceprienko, 10.B. ’Kepe:xon-3aituenxo // Bicuux HTY "XIII". Cepis: [Ipobie-
MU MexaHiqHoro npusomay. — X.: HTY "XTIII". — 2013. — Ne41(1014). — C.49-53. — bi6miorp.: 8 Hass.

B pabote npHUBeIeHBI pe3yiibTaThl ONTHMAIBHO-PAOHAIBHOTO TIPOSKTHPOBAHS 3y0UaThIX Iepeiay
KOpoOKH Tepenad aBToMoOomst 3uJ1-4327 ¢ nenblo YITydIIeHHs e 9KCINTyaTAOHHbIX XapaKTePHCTHK.

KitioueBble c10Ba: ONTHMU3ALMS, KOPOOKa Mepeay, HanpshHkeHUs, paboToCIIOCOOHOCTb.

Results of optimum and rational design for tooth gearings of a gear box of the car ZiL-4327 are
given in work for the purpose of improvement of its operational characteristics.
Keywords: optimization, gear box, stress, working capacity.

YK 621.833

B."H. KOPOTKHH, x.1.1., 1o11., 3aBeaytomuii taboparopueit HUMM u [IM
nM. N1.W. BopoBuua FO®YV, Pocros-na-Jlony, Poccus;
M. A. TA33AEB, naxenep HUM u IIM um. 1.W. Boposuua IODY

NPUMEHEHUE KOHEYHO-9JIEMEHTHOI'O ITAKETA ANSYS
K OHEHKE U3I'MBHOU HAITPAAI’KEHHOCTU APOYHbBIX
3YBBEB HWINHAPUYECKUX 3YBYATHIX HEPEJAY

C momorpio KoHeuHO-deMeHTHOro maketa ANSYS moka3ano, 4To BEMYHHA U HATIPABICHUE MPOIOIBHOM
KPHBU3HBI aPOYHOTO 3y0a MPAaKTHYECKH HE OKA3bIBACT BIIMSHHS HA €r0 HAMPSHKCHHO-Ie(POPMHUPOBAHHOE
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cocrosHKe. [IoATBepKAEHO, YTO HANPSDKCHHS CKATHSA B OCHOBAHHMH Hepabodell cTOpOHHI 3yOa mo abco-
JIFOTHOH BEIMYMHE CYIIECTBCHHO IPEBHINIAIOT HANPSDKEHHUS PACTSDKEHUS ¢ pabodell CTOPOHBL. Y CTaHOBIIC-
HO, 4TO [is peek nepenay HoBukosa napamerps nucxoaHoro koutypa o ['OCT 30224-96 6nu3ku k onTH-
MaJlbHbIM, a ITapaMeTPbl UCXOJHOTO KOHTYpa JI0H-63 He ABISIOTCS ONTUMAJIBHBIMU.

KurodeBble ciioBa: apouHblii 3y0, MOAEIMPOBAHKE, HAPSKEHHOCTb.

Beenenne. LununaapudeckuM 3y0uaTeiM niepeadaM ¢ apovyHbIMHU 3yObsMH (1a-
Jiee — apoYHbIe Iepefadn), HECMOTPsI Ha LENbIH psAA MX JAOCTOMHCTB, B JIMTEPaType
YJEJIEHO HEe3aCNIy’KEHHO Majl0 BHUMAHUA: UCCIIEA0BAaHUS KAacaloTCs, B OCHOBHOM, CIIO-
co00B Hape3aHWs apOYHBIX 3yOBEB M B HEKOTOPOH CTENICHH WX O0OOOIICHHOH reoMeT-
pun. IToaToMy BecbMa aKTyaJIbHBIM SIBISCTCS aHAJIU3 C ITOMOIIBIO COBPEMEHHBIX UHC-
JICHHBIX METOZOB HANPSDKEHHOCTH apOYHBIX 3yObEB, B YACTHOCTH, B MX OCHOBAaHMH,
YTO MO3BOJIUT OoJiee OOBEKTHBHO MOAXOAUTH K HCIIOIB30BaHHUIO JAHHBIX TIepe/iad.

Ananu3 auteparypsl. B psne pabdor ([1]-[3] u mp.) oTMeuaroTcs Takue 1o-
CTOMHCTBA apOYHBIX Nepeay, Kak: HOBBIIICHHAs IIABHOCTD 3alCTUICHHS U B CBSI3H
C 3TUM YJIyUIICHHBIE IIyMOBBIE M BUOPOAKYCTHUYECKHE XapAaKTEPUCTUKH Hepeadn
B paboTe; BO3MOXKHOCTh CAaMOYCTaHOBKH KOJIEC Maphl M Onarozjapst 3ToMy Oojee pas-
HOMEPHOE 10 CPaBHEHHMIO C KOCO3yObIMH NIepeiadaMy paclpeielieHHe Harpy3KH BIIOJb
CONPSIKEHHBIX MOBEPXHOCTEW 3yObEeB; ITOHIKEHHAs YyBCTBUTEIILHOCTh K MEPEKOCaM
ocel Kosec MPH MOHTaXKe; MPOCTOTa JOCTIDKEHUS MOAM(HKANK CONPSIKECHHBIX I10-
BEPXHOCTEH 3a CUET, HapHMep, UCIOIb30BAHUS PE3IOBBIX TOJOBOK C Pa3sHBIMU I
Hape3aHMs LIeCTePHH M Kojeca HOMHHAIBHBIMU JMaMeTpaMH; OTCYTCTBHE OCEBBIX
YCHIIMHA B 3alLleIUIEHUH; KOMIIAKTHOCTh IO CPaBHEHUIO C IIEBPOHHBIMHU IepenadaMiu
Oraromapsi OTCYTCTBHIO TEXHOJIOTMYECKOM KaHABKY MEXKTY TTOIYLIEBPOHAMH H JIP.

Bce 310 mpenonpenenuiio OTMEYEHHYIO Ha TPAKTUKE IMOBBIMICHHYIO Harpy-
304HYIO CIIOCOOHOCTH apOYHBIX Hepenay U MO3BOJIMIO OCYIIECTBUTH PsJl BHEIpE-
HUi [2] — B mpuBOJax THAPOHAcOCA W BO3AYLUIHOIO BHHTAa BEHTWISLMOHHO-
OpOCHTEIIFHON caMoX0JHOH yctaHOBKH YMII1A, mpuBoxe NpoOHIIKH, B MPOXO-
YeCKMX M OYMCTHBIX Komiuiekcax tuna KOB25, [IB1000 u KIIB6, B kauecTBe Ts-
TOBOI Iepeaayi MarucTPaIbHOTO TEIUI0B03a THIa 2T u 1ip.

B pabore [1] npuBeneHbI cBeCHUS O KOHTAKTHBIX pacyeTax apodHbIX 3yObeB
C HaYaJbHBIM TEOPETHUYECKH TOYEYHBIM KOHTAKTOM, IZeé 0OOCHOBAHHO HCIIOJIB30-
BaHbI B KAYECTBE KPUTEPHAIBbHBIX I (PEKTUBHBIC KOHTAKTHBIC HATIPSKCHHSI.

3aciyxuBaeT 0co00ro BHUMaHuUA paboTa [3], B KOTOPOii aBTOPBI YTBEPKIAIOT, YTO
TIPH Harpy3Ke apoyHOro 3y0a cO CTOPOHBI BBIITYKJIOH (B TIPOJIOJIGHOM HANPABIIEHNUH) CTO-
POHBI HANPSDKEHMS PACTSDKEHHUS B KOPHE 3y0a CYIIIECTBEHHO MEHBIIIE, YeM MPH Harpy3ke
C BOTHYTOHM CTOPOHBI, a HANPSHKEHUS CXKaThSl HA TIPOTHUBOTIONOXKHOM (Hepabouei) cTo-
poHe 3y0a 3HAUMTENHHO TPEBBIIAIOT 110 A0COTIOTHON BENMUYKMHE HANPSDKEHUS PacTshKe-
HUSL.

Hear crarbu. lVmes B CBOEM pacnopsuKeHHM OTJIQXCHHBIM KOHEYHO-
aneMeHTHBIA TakeT ANSYS U BRICOKOTIPOM3BOJUTEIBHYIO BBIYHCIUTEIBHYIO TEX-
HUKY (KJIACTEPHI), MBI 33JJAITUCh IICIBI0 POBEPUTH YKa3aHHEIC B [3] YTBEPKICHHUSA,
HCIONB3Ysl B KayecTBE OOBEKTOB HCCICIOBAHMS apOdyHbIC 3yObs Kak Iepenay
9BOJILBEHTHBIX, TaK ¥ HOBHKOBA, MOCKOJIbKY MMOMO0HBINA aHAIN3 HEIOCPEACTBEHHO
KacaeTcs MPOYHOCTHBIX PACUCTOB HAa U3JIOMHYIO IPOYHOCTh TaHHBIX 3YObEB.

IMocranoBka 3agauu. C 1eNbI0 YIPOIIEHHsI IOCTABICHHOH 3aa4u U 6e3 yiiepoa
JUI O’KWAAEMBIX PE3yNbTaTOB B PAAE CIy4aeB MPHHATH MPOoduiIn 3yObeB HCXOM-
HBIX peeK. 3ajaua pemanach Kak CAMMETPHYHAS JJIs CIIydasi JSHCTBUS COCPENOTO-
YEHHOW CHIIBI MO LEHTPY 3y04aToro BEeHIA W JJIs Ciydasl IeHCTBUS pacipeaesicH-
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HOW BIOJH 3y0a HArpy3KH, YTO MOJENHMPOBAIOCH HAXKATHEM Ha 3y0 MHIECHTOPOM,
UMCIOIUM pabouyr0 MOBEPXHOCTD C 3aJaHHBIMU TTIABHBIMU KPUBU3HAMH.

MaTtepuaJbl U pe3yabTaThl HecIeI0BaHMii. B mprmoBepXHOCTHOM ciioe 3y0a
1 MHICHTOpA BBIACIUIACH 30HA PEryJSIPHOTO pa3OHeHNs, KOTopas B BUIE YJacTKOB,
9KBUJHMCTAHTHBIX NMOBEPXHOCTH, YIIIyOJisulack BHYTPb TEJI Ha HEKOTOPYIO BEJIMYHHY.
Jnst mocTpoeHns MOBEPXHOCTH 3y0a MCHOJIb30BaIach CIUIAHH-MHTEPIIONSLHS BTOPO-
ro nopsaka. KO-monens opMupoBanachk ¢ MpuMEHEHHEM KBaAPATHIHBIX JIEMEHTOB
SOLID95 u xonraktHOU mapsr CONTA174-TARGE170. ['panndHbIe YCTOBUS IS
3y0a OMNpenesUINCh KECTKOM 3aeiKOoi ero mojomBel. It MHAECHTOpPA CTABUIIUCH
ClIeTyIOINe TPaHUYHBIE YCIIOBHS: Harpys3Ka IpHilarajach K MOBEPXHOCTH MHIIEHTO-
pa, MEPIEeHINKYIIPHOH HOPMaIM K MOBEPXHOCTH 3y0a B TOUKE NEPBOHAYAIBHOTO
KOHTAaKTa, a yKa3aHHas IOBEPXHOCTh WHJEHTOpA IlepeMelaiach napauiebHO caMoi
ce0e CTPOro B HAMPABJICHUH JCHCTBUS HOPMAJIBHOM CHIIBL.

Peeunslit npoduiib A1t 9BOJIBBEHTHBIX 3yObeB npuHumMancst no OCT 13755-
81. CocpenoroueHHas: HOpMalibHas cuia Fn pukiaasBanack, Kak 3TO MPEIyCMOT-
PEHO pacdeTHBIM CTaHIApTOM [4], K BEpIIMHHON KpoMmKe 3yba mox yriiom o = 20°
K HavaibHOM IutockocTH. Cxema Moka3aHa Ha pUCyHKe 1, rae o0osHauyeHo: by, —
ob1mas nuHa 3y0a (BKiItodas 00a MojyleBpoHa), I, — MPOJOJIbHBIA Paanyc BOTHY-
TOTO WJIH BBITYKJIOTO 3y0a.

Hanpspkenust B ceyeHnn JEHCTBUSI CHIIBI
BBIUMCIISUIN KaK Ha PACTAHYTOH CTOpPOHE KOPHS
3y0a (o), Tak u Ha cxaroif (6,.). [Tomumo 3TOrO
Ha PacTSHYTOH CTOPOHE ONPEAEISUIN T.H. TIPHBE- ' s
JICHHOE (KPUTEPHAILHOE) HATPSHKEHHE Gy, PAB- , ‘.‘vtf:ﬁ*;*ﬁfgé?’
HOE G,, =0, [\J1-p+ uz [5], toe o, — 3KBH- ‘;‘:ﬁ%‘égﬁ""ﬂ

%
K

BAJICHTHOE HaIlPsDKEHHE M0 OHEPreTHYecKOi
TEOpHH MPOYHOCTH, | — Koaddumment [Tyacco-
Ha. HanpsokeHust 6, 1 6, ONpesessum Kak CyMMy

Oy + 0 COCTABILSIFOLIMX HAMPSDKCHHH B IIPHHS- L

~|

TOH crcTeMe KoopuHat. Takum oOpa3oM Haxo- < = >
JUUTH 00BEMHBIH Koo(dHIeHT (opMbI 3y0a rpi  PHEYHOK | —Morers narpyxeris apodtoro

3y0a peHKH COCPEIOTOYEHHOM CrToi F,
pactsokennn (m3rude) Yy =0 pmz /R u coot- yoap e "

BETCTBYIOIWI TPUBEICHHBI 00beMHBIH Kod(duimeHT dhopms 3yda g =G, pmz /R,
e M— Momynb 3aueruieHys], F — neiictByromee okpysxHoe ycunue F = F, coso .
B tabnune 1 npuBeneHsl pe3ysIbTaThl BRIYUCICHHI HANPSDKEHUH 1 KOIDdu-

IIUEHTOB (pOPMEI 3y0a perku, a B TabIuIe 2 — TO ke IS 3yOJaThIX KOJIEC C YUCIOM
3y6obeB z=18 u z=25 npu m=1mm,b,, = 25mm, F, =3000H (s kosec pacueTHbIe

YIJIBI JEWCTBHS CHIIBI OTIMYANNCE OT yriaa o [5]). Paxuycsl I, mpuHUMAaIUCh C y4e-
TOM TOJIIMHBI BEPIIMHBI 3y0a M 00eCneYnBaIn MPAaKTHYECKH MPHUMEHSEMbIE IS
apOYHBIX Iepeay yriibl HaKJIOHa 3yObeB Ha Topuax B nuanazone 20°..45°.

s cpaBHeHus B Tabnunax 1,2 mpuBeaeHBI JaHHBIE IS MPSIMOTO 3y0a, 1mo-
Jy9aeMoro Kak YacTHBIN cilydail IpU BBIIIOJIHEHUH pajyca I, 60JIbIIoro pasMepa.
W3 Tabmy 1,2 cnemyet, 4To NpUBEAEHHBIH 00beMHBIN KO3(pdHIMEHT Y\ (Kak, BIPO-

yeM, U KoahduienT Y|, ) MPakTUUECKN HE 3aBUCUT OT HAIpPaBJICHUS U BEJIMYHMHbI BbI-
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IYKJIOCTH 3y0a (BKJIFOYAsl YACTHBIH CITydail mpsiMoro 3y0a), 4To He COIrIACYeTCs C BBIBO-
Jamu 13 paboTsl [3]. UTo kacaeTcst HAMPSDKCHUI Ha CXKATOM CTOpOHE 3y0a, TO OHH M0 a0-
COJIFOTHOH BEJIMYHMHE (3HAK "MUHYC" OIyIIICH) 3aMETHO MPEBOCXOAAT HAPSHKCHUS pac-
TSDKEHIS Ha pabodeli CTOPOHE, YTO BIOJIHE COTIIACYETCS ¢ BRIBOAAMH U3 paboThl [3].
Tabmmna 1 — 3HaueHUsT HaNPsDKEHNH 1 00BEMHBIX KO HUIEHTOB (GOPMBI 3y0a Ipu
JICHCTBUM COCPEAOTOUECHHOM CHITBI Ha 3y0 pEHKH ¢ HCXOAHBIM KOHTYPOM
o 'OCT 13755-81 mpu m=1mm,b,, = 25mm, F, =3000H
Tum 3y6a r,, MM G, MlIla Yy o, , MIla YvE G, Mlla

np>
17,7 2143 0,714 2256 0,752 2555
Bornyrsiii 35,7 2175 0,725 2294 0,765 2556
18,3 2138 0,713 2276 0,759 2481
Bpimyxbrit 36,3 2217 0,739 2349 0,783 2645

Tpsmoit 18000 2181 0,727 2294 0,765 2537

Tabnuna 2 — 3HaueHUst HaNPSDKEHNI 1 00BbEMHBIX KO HUIMEHTOB (OpMBI 3yba Ipu
JEMCTBHM COCPENOTOYEHHOM CHITBI Ha 3y0 9BOJbBEHTHBIX Kotec Z =18 u 2 =25
¢ McX0HBIM KOHTypoM 1o 'OCT13755-81, m =1mm,b,, = 25mm, F, =3000H

Tunzyba | Z r,MMm |G, , Mla Yy G, ,MIa] Yve c.,Mlla

np >
17,7 2401 0,800 2519 0,840 3392

Bornyrsrii 35,7 2458 0,819 2610 0,870 3406

74
PNt
(“’ O ‘ y

PucyHok 2 — Monenu Harpy>KeHHs HHICHTOPOM apoYHOro 3y0a peiiku:
a — C BOTHYTOH CTOpPOHEI 3y0a; O — C BBITYKJIONH CTOPOHEI 3y0a

18,3 2427 0,809 2592 0,864 3219

Bbimykiibrii 36,3 2474 0,825 2615 0,872 3331
Ipsimoit 36000 2479 0,826 2623 0,874 3379
17,7 2321 0,774 2457 0,819 3181

BorayTsrii 35,7 2370 0,790 2511 0,837 3189
18,3 2344 0,781 2525 0,842 3038

Bemmyxbrit 36,3 2403 0,801 2546 0,849 3114
Mpsivoii | 25 | 36000 2390 0,797 2567 0,856 3131

PaccmotpuM Teneps citydail IeHCTBHSI Ha 3y0 pacipeleNieHHOH Harpy3kH (CHMMET-
pHYHAs KOHTAKTHAs 33]1a4a), /ULl YEro MCIONb3yeM JIBa HHIEGHTOpa — VISl BOTHYTOH CTOpO-
HBI 3y0a (PUCYHOK 2,a) ¥ JUTS BBITYKIIOH CTOPOHBI (PHCYHOK 2,0). IHIEHTOpBI NMEFOT Tpo-
JONBbHBIA pajidyc Pq BBIIYKIOrO (BOTHYTOIO) Y4acTKa M MONEPeUHbIA Paguyc P, , COOTBET-
CTBYIOIIHI PaJuyCy 9BOJIbBEHTHOTO YJaCTKa HOYKKH 3y0a ITapHOTO COMPSIraeMOoro KoJieca.

WHpeHTopsl, Kak ¥ COCPEAOTOUYCHHAS CUIIA, ISHCTBYIOT HA BEPLINHHYIO KPOMKY
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3y6a o yriom a=20°. Tlpu ycnoBun p; = I, HOTy4aeM JTHHCHHBIN KOHTAKT.
3azaya TecTUpOBaHa [ist [IPSIMOTO 3y0a MPH JIMHEHHOM KOHTaKTe 1o (opmyie [4]:
op = FYes /(b,m), (1)
rae Ypg — kodbduiuent dopmbl 3yba mpu peleHUH MIIOCKON 3a1auy, IPUHUMAae-
MBI u1s1 peliku paBHbIM 3,47 [4]. [logcTaHOBKa 3HAUEHHUH TTapaMeTpoOB B GOPMYITy
(1) naer o, =416,4 Mlla.

[1pu BBIMUCIIEHNN HANPSHKEHUH CllelyeT UIMETh B BUJLY, YTO MX BEJIMYHHA, TIOMUMO
TPOYEro, 3aBHUCHT OT yI7a HakioHa 3yba f3=arcsin(b, /r,), roe b, — paccrosmue ot
paccMaTprBaEMOro CeueHust 10 LeHTpa 3youaroro Beria ¢ 3 = 0. B coorBerctuu ¢ [6]
B IPHUHSTON CUCTEME KOOP/IMHAT T10CJIE HECJIOXKHBIX MPE0Opa3oBaHkii NOTy4aeM

G, =0, +0,008°B+o,sin’P+1,,sin2B. )

p
B tabmuiie 3 mpuBeAeHBI pe3yabTaThl PEIICHUS CHMMETPUYHON KOHTAKTHOMN
3a/1a4M I JHHEiHOTO KOHTaKTa. [lnst nenTpansHoro cedenus (b, = 0) mokasaHsl
TaKXKe MepeMeIleHus] A BEpIIMHHON TOYKH 3y0a ¢ Hepaboueil CTOPOHEL.
JanHpie TaOMUIBI 3 CBHICTENBCTBYIOT, YTO MaKCHMAJBHBIC HATPSKCHIUS,
Ta6mmua 3 — Pe3ynbTaThl peleHNs KOHTAKTHO# 3a1a4y Y JIMHEHHOM KOHTakTe (g =T, )
m =1mm, b, = 25mm, K, =3000H
Tun r b,=0 b, =65 b, =125
3yba (p1) G, [G,] O [A10°] G, [O,y | Oc | O, [Ony | Oc
17,7 | 421 | 412 | 456 | 7,0 | 413 | 387 | 428 | 220 | 254 | 268
Bornyreiii | 35,7 | 407 | 400 | 448 | 6,7 | 407 | 399 | 446 | 293 | 328 | 369
18,3 | 398 | 407 | 487 | 6,9 | 363 | 384 | 459 | 196 | 223 | 247
Bemyxeni| 36,3 | 401 | 403 | 475 | 6,7 | 384 | 389 | 453 | 280 | 314 | 362

JluneliHple BENMYMHBI — B MM, HanpsbkeHus — B MIla

yIOBIETBOPUTENLHO COTNACyIomuecs ¢ pacueroM mo (1), AeHCTBYIOT B cpeaHeit
4yacTH 3y0uaToro BeHIA, yObIBas Mpu MpUOIMKeHUH K TopiiaM. Kak u B penbiay-
meM cirydae, 34€Ch TaKKE€ HE MPUXOJUTCA T'OBOPUTH 06 yCTOIﬁ‘IHBOM BJIMSIHUM TUIIA
3y0a Ha HampsHKEHHOE COCTOsIHKME B ero KopHe. OO 3TOM ke KOCBEHHO CBUIETEb-
CTBYET NPHMEPHOE PAaBEHCTBO 3HAYCHUS MepeMeNIeHUH A,

Bapeupys BenmuuuHy p; paaMyca MHIECHTOPA, MOXKHO IOJyYUTh TEOPETHUE-

CKHM TOYEYHBI KOHTAKT, IPU KOTOPOM HANPSHKEHUS KOHUEHTPUPYIOTCS B CpeaHEH
4acTH 3y04aToro BeHIa, pe3ko najast BOIu3u TopIioB (Tabmuia 4).
Tabmuma 4 — Pe3ynbTatTsl penieHnss KOHTAKTHOH 3aJaql IPHU TEOPETUIESCKH TOUCTHOM

xoHTakTe (P # I,) m=1mm,b,, = 25mm, F, =3000H

Tun bz =0 bz =65 bz =125
3yba .| P1[6,76,[0. |6, 6,]0% |9, 0,]o0.
17,7|17,211033|1034 1171 172 | 242 | 164 | 5 5 2
Bornyrsiit | 35,7 | 35,2 | 684 | 679 | 763 | 429 | 442 | 452 | 23 | 26 5
18,3 /18,8 | 977 |10081162| 162 | 264 | 144 | 2 4 5
Beimyxeii | 36,3 | 36,8 | 675 | 683 | 805 | 391 | 429 | 444 | 5 9 23

JIuneiinble BEINYUHBI — B MM, HanpsbkeHus — B MIla

s Ta6J'II/ILH)I 4 BUAHO, YTO U TPU TCOPECTUYECCKU TOUCUHOM KOHTAKTE BJIUAHUEC
THIIa 3y6a Ha HAIIPSP)KECHHOC COCTOSAHUC B €I'0 KOPHE MMPAKTUYCCKU OTCYTCTBYCT.
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WHTepecHO MOCMOTPETh, BIHMSET JIM THIT 3y0a HA KOHTAKTHBIE HANPSDKEHUS IPU
JIMHEWHOM KOHTaKTe. JlJIsl MoTy4eHus YNCISHHOTO pelleHus MHAESHTOP C PaauycoM
p,=4MM compsraju ¢ pabouyeil IIOCKOCTbIO Peiikyu, a Hepabodyro JacTh 3yba 3a-

KPEeIUISUTH JUIsl HCKITIOYEHHsT M3THOHBIX nedopmaruii. Pe3ynbTupyroniue KOHTaKTHbIE
HanpsbkeHns npu (= 0,3 u moxyne FOura E =2 -10° MIla mokasassI B TaGime 5,

13 KOTOPOI BUTHO OTCYTCTBHE BIIMSHUS THIIA 3y0a M HA KOHTAKTHBIC HANIPSHKEHHUS.
IMokaxxem mnpumepsl wucmons3oBanus makera ANSYS mms Beraucnenns
HaIPSDKEHUH PACTSKEHUS M CKaTUsl OT JCHCTBUS COCPENOTOYEHHOM HAarpys3Kku B
ApOYHBIX 3yObsIX UCXOJHBIX PEEK LIMIMHAPHYECKUX 3y0uaThix nepenad HoBukoaa.
CocpenoTodeHHas Harpyska [0l PaCYeTHBIM YITIOM JIaBJICHHs PUIIAracTcsl B TEOPeTH-
YeCKOH KOHTAKTHOM TOUKE roJIOBKH 3y0a. | paHiyHbIe YCIIOBHS — T JKE, YTO YKa3aHbI BbILIIE.
Oco0eHHOCTBIO COBPEMEHHBIX MCXOIHBIX KOHTYpOB Juisi niepeiad HoBukosa siB-
JSIeTCSl HaJIM4ME JBYX KOHIIEHTPATOPOB HANPSDKEHWI: HIDKHETO BOTHYTOTO pabodero
Y4acTKa U BEPXHETO OKOJIONOJIIOCHOIO BOTHYTOIO y4acTKa, HCKIFOYAIOMIEro KOHTAKT B
30He nomoca. ONTUMaTbHON CUTYyalMeH, K KOTOPOH CIEAyeT CTPEMHUTHCS MPU MPOEK-
THUPOBAHWH TIEPEAAUH, SIBIIETCS PAaBHONPOYHOCTH 00OMX KOHIEHTPATOPOB IO KpHUTE-
PHANTBEHOMY HAIIPSDKCHUIO Gy,
B rtabnuue 6 npuBeneHbl pe3ysbTaThl JUIS PEEK, BBIIIOJHEHHBIX Ha 0a3ze Hc-
X0aHBIX KOoHTYypoB mo ['OCT
30224-96 u JTou-63 [7].

Tabmuma 6 — 3HaueHUs HaNPSHDKEHUH TPU ICHCTBUH
COCPEIOTOYCHHON CHIIBI Ha 3yObs peek mepenad Ho-

BUKOBa ¢ MCXOAHBIMH KoHTypamu 1o I'OCT 30224-96 o nauHbM TabmuLE! 6 HA
u Jlon-63 m =1mm, b, = 25mm, F, = 3000H puCyHKax 3,4 [l HarjIsaaHOCTH
Tun r, Wcxoausiit koutyp o FOCT TOKA3aHbl IPAGUKA H3MEHCHHsI
3y6a M’M 30224-96 HaMpsHKEHHS G, IS NPAMBIX Pe-

G,,MMa|oc,,,Mla| 6., MIla| €K (r/=36000MM) ¢ HUCXOTHBIMHU

K TBR HnIIZ, BKTOK T BK| KOHTYPaMH 1o I'OCT 30224-96

18 [1244] 917 [1460(1502[2295/2196| Y l0H-03. 3natenms | no ropu-
Boruyteii | 36 |1252] 931 | 1477 |1538|2290[2101| 3OHTAIbHOM — OCH  OTJIONKCHBI

18 [1221] 921 [1473|1585|2238|2135| HAUMHAs OT TOUKH COTPSDKEHHS
Buinyknsiii| 36 |1239] 924 | 1484 |1578|2264]2160| BOTHYTOro paGodero —ydacTka

TIpsvo#i | 36000 |1248| 925 |1484 [1558[2281[2177| HOKKA 3y0a (HIKHETO KOHLEH-

Ucxoauslii kKoutyp Jlon-63 Tparopa) C TAITENBI0 0 TOYKH

18 |1473]{1447|1686|2170|2079]|1859| conpspKeHUs BOTHYTOIO OKOJIO-
Boruyreiit | 36 [1488|1475]1713[2228[2081]1855| mnomocHOro ydactka (BEpXHEIO

18 |1466|1460|1750(2297|2016]1801| koHIEHTpaTOpA) C BHITYKIBIM
Bumyiiii[ 36 |1484|1468 1729(2284[2051[1826] pagoumm yuacTkom rofoBKH 3y-

[psamoit |[36000]1492|1472|1727|2263]2072{1845| &4

HK — amxauii konuenrtparop, BK — Bepxuuii koHLEHTpaTop W3 Ta6iIHIBl 6 BHIHO, UTO
b

MIPEBBILICHAE KPUTEPUAIILHOIO HAIPSDKEHUS HaJl HAIPSDKEHUEM PAaCTSDKEHUS Ui
BCPXHETO ~ KOHIICHTpaTopa  3HAYUTCIIBHO  TaGmuia 5 — PesynpTupyronie KOHTaKTHbIE
OoIbIIIe, YeM JUIS HIDKHETO. DTO CBSI3aHO C  HATPSKEHHUS Gy TIPM JIMHEHHOM KOHTAaKTe

TEM, YTO IUIsI BEPXHEro KOHIEHTpaTopa Be- (p; =r,) m=1mm,b, =25mm, K, =3000H

JIMKa 107 HANpsDKEHUs, AEHCTBYIOLIETO I10 Tun 3y6a r,(p;),mm | Gy , MIla
HarpaBJICHUIO, TCPIICHANKYJSIPHOMY TOP- 18 1160
LaM, T.¢. BIONb OCeil 3yOuathix komec [8]. |  Bormyreit 36 1132
IMoatomy pu NPOEKTUPOBAHUN 18 1160
Bermykomsrit 36 1132
[psivoit 18000 1127
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Gp, MIla

1248.185
1146.285
1044.389
542.493
840.587
738.701
636.805
534.909
433.013

331.117

229.221 -

-
0 .308 616 924 1.232 1.538 [, Mm
154 462 77 1.078 1.386

Pucynok 3 — I'padux u3MeHeHHs pacTATHBAIOIMX HATIPSKEHUH G, 110 BRICOTE 3y0a 1yist
HpsIMOi McX01HOH peiiku nepenaun HoBukosa ¢ ncxomusiM kouTypoM o 'OCT 30224-96
Op, MIla
g2

A

1492.009

1362.105

1232.202

1102.299

972.396

842.493

712.59

582.687

45Z.784

32Z.881

182.878 T

-
i .354 .708 1.062 1.416 1787 [ am
177 531 .885 1.239 1.593

Pucynok 4 — I'pauk M3MEHEHNs PACTATHBAIOIMX HATIPSKEHUH G, TI0 BRICOTE 3y0a 1
npsSMOi HCX0HO# peiiku nmepenaun HoBuKoBa ¢ HCXOAHBIM KOHTYpoM J[oH-63

TNIapaMeTPOB MCXOJHOIO KOHTYpA JUIs BHIPABHMBAHHS KPUTEPHAIBHBIX HAMPLKEHUH Gy,
MO 0OOMM KOHIICHTPATOpaM CJICYET CTPEMHTBCS K TOMY, YTOOBI HAMPSDKCHIS pacTsKe-
HUS Op U1 BEPXHETO KOHIIEHTPATOPa ObLTN 3HAYMTEIHHO MEHBIIIE, YeM JUTS HIDKHETO. DTO
YCIIOBHE, KaK BHJIHO U3 PHCYHKa 3, MPAKTUYECKH YOBIETBOPEHO ISl HCXOIHOTO KOHTYpa
nio ['OCT 30224-96 1 He yIoBIETBOPEHO TSl UCXOJHOTO KOHTYpa JIoH-63 (prcyHOK 4).

BeiBoapl. ITpoBeneHHOE HCCIIE0BaHNE TTO3BONISIET CEIATH CIIELYIOIIHE BBIBOBL
1. HammpaBneHne 1 BeTMYMHA MTPOJOIBHON KPUBU3HBI apOYHOTO 3y0a MpakTH-
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YEeCKU HE OKa3bIBAeT BIMSHUS Ha HANPSDKEHMS PACTSDKEHUS M CKAaTUsl B OCHOBAaHUH
3y0a ¥ Ha KOHTAaKTHYIO HAIPsDKEHHOCTh paboueil MOBEpXHOCTH 3y0a, 4To cieayeT
YUYHUTBIBaTh [IPU IPOSKTUPOBAHUH 3y04aTOM repeaadn.

2. HampspkeHus ckaTusl B OCHOBAaHHH Hepabodel cTOpOHEI 3y0a 1Mo adCcoroT-
HON BEJMYMHE CYIIECTBEHHO IPEBBIMIAIOT HANPSOIKEHUS PACTSHKEHHUs C padouci
CTOPOHBI; B CHIIY BBICOKHX JOIYCKa€MbIX HANPSDKCHUI CXKATHS 3TO HE ONMACHO U HE
MIPUBOJNT K Pa3pyLICHHUIO C)KAaTOI CTOPOHBI 3y0a.

3. Ilo naHHBIM, MMOJYYEHHBIM JUISi HCXOIHBIX peeK 3yOuarbix nepenad HoBu-
KOBa, mapametpsl ucxoauoro kourypa mo I'OCT 30224-96 ¢ Touku 3peHus U3ruod-
HOW MPOYHOCTH OJM3KH K ONTHMAIBHBIM, T.K. 00€CHEYHBAIOT IPUMEPHOE PaBEH-
CTBO KPUTEPHUAIIbHBIX HANPSDKEHUI 110 HUYKHEMY U BEPXHEMY KOHLEHTPaTOpaMm
peliky; mapaMeTpbl HCXOIHOrO KOHTypa JIoH-63 B 3TOM II1aHE HE SBJISIOTCS OINTH-
MaJIbHBIMH, YTO HEOOXOAMMO 3HATh IIPH BEIOOPE UCXOIHOTO KOHTYpA.

Pabora BeImoNHEHA NPy YacTIYHOH (hrHaHCOBOM nomiepykke PODH, rpant 13-08-00386.
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V]IK 621.833

IpumeHenne KOHeYHO-JIeMeHTHOTo nakera ANSYS K oneHke M3rHOHOI HANPSKEHHOCTH apoy-
HBIX 3y0beB LWIHHAPHYECKHX 3y0uaTbix nepeaay / B.H. Koporkun, [I.A. T'a33aes // Bicaik HTY "XIII".
Cepist: [IpoGiemur Mexaniuroro mpusoay. — X.: HTY "XIII". — 2013. — Ne41(1014). — C.53-60. — bi6miorp.: 8 Ha3s.

3a I0noMOroro KiHIeBo-eneMeHTHOro Takera ANSY'S mokasaHo, [0 BeMUMHA i HAOPSIMOK TTO3IOBXKHBOL
KPHBU3HU apOYHOTO 3y0a MPAKTHYHO HE POOUTH BIUIMBY Ha HOTO HAIpyeHo-uedopmoBaHuii craH. [TinrBepmkeHo,
110 HANPY)KEHHSI CTHCKY B ITJICTaBi HEpOOOUO! CTOPOHH 3y0a 3a aOCOMIOTHOIO BEMUHMHOIO ICTOTHO HEPEBHILYIOTh
HANpyry pO3TATHEHHs 3 poOo4oi cTopoHH. BeraHoBieHo, 110 [u1s peliok nepenad HoBikoBa rapameTpy BUXIIHOTO
xoHTypy 1o [OCT 30224-96 613K 10 ONTHMAIBHYIX, & IIApAMETPH BUXITHOTO KOHTYPY JI0H-63 He € OITHMaTbHAMA.

Ku1rouoBi cjioBa: apounuii 3y0, MOJIEITIOBaHHSI, HANIPYKEHICTb.

With the help of the finite-element package ANSYS is shown that the magnitude and direction of the longitu-
dinal curvature of the arched tooth has almost no effect on its stress-strain state. It is confirmed that the compressive
stress at the base of not working side of tooth in absolute value significantly greater than the tensile stresses in the work-
ing side. It is established that for racks of Novikov gearing parameters of the basic rack profile in accordance with
GOST 30224-96 are close to optimal, and the parameters of the basic rack profile Don-63 are not optimal.

Keywords: arched tooth, modeling, stress level.
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