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BctynneHue

CoBpeMeHHOe NpoM3BOACTBO MpPeabsBrseT BbiCOKME TpebOBaHWA K KayecTBy
WHCTPYMEHTA, OT KOTOPOro 3aBUCUT TOYHOCTb OPMOOBpa3oBaHNA pasmyHbIX NOBEPX-
HOCTen geTanen, oCOGEHHO 3TO aKkTyanbHO NPWU Hape3aHMM BbICOKOTOYHbIX 3y6yaTbixX
KOnec, MCnosibdyeMbIX B MOTOPOCTPOEHUN, CTAHKOCTPOEHNN, aBUALMOHHON TEXHUKE U
APYrMx OTBETCTBEHHbIX MaLLMHAX 1 MEXaHU3MaXx.

MoaTtomy npobnema co3gaHusi COBPEMEHHOIO BbICOKOMPOU3BOAUTENBHOIO Me-
TannopexyLero MHCTpymeHTa, paboTatowero Ha OCHOBE HOBbIX cxeM dhopmoobpaso-
BaHu4, Bcerga bygeTt akTyanbHOW AN Hayku U NpoOM3BOACTBA.

BaxxHon 3agaven B pelleHun 3Ton nNpobnembl SBnsieTcs NpounmpoBaHue 3y-
BOpEe3HOro MHCTPYMEHTA, B YACTHOCTM 3ybopesHbiX 4ONOSAKOB C HAKNOHHOW OCblo, pa-
BoTalwmx no cxeme popmoobpasoBaHMst BTOPOro Kracca, KoTopas CBOAUTCA K Kade-
HUIO 6Ee3 CKONbXEHUS KPYrfioro KOHyca, CBSA3aHHOrO C 3aroTOBKOW, MO KPYrfioMy KOHYCY,
CBA3aHHOMY C MHCTPYMEHTOM.

Hebonbloe KONMYeCcTBO BbLIMNOSIHEHHbLIX WUCCNEeLOBaHWA [OKa3blBaeT Mepcrnek-
TMBHOCTb MCCMeaoBaHWs paccMaTpuBaemoro npouecca opmoobpasoBaHusa n npume-
HAEMOro MHCTPyMeHTa — AONBSAKOB C HAKMOHHOM OCbH, KOTOpble 0bnagatT psaaom
NpeMMyLLecTB B CpaBHEHUW CO CTaHAapTHbiMM gonbskamu. OCTpbiMU HegocTaTKamu
CTaHOapTHbIX JONOGAKOB SBASKOTCA Ype3Bbl4anHO Marble, U NPU 3TOM PE3KO MEHSI0-
lwmecs, nepegHve n 3agHue yrnbl Ha GOKOBbIX PEXYLLMX KPOMKaX, @ TakKe U3MeHeHne
LUMPUHBI Hanbonee 3arpy>XeHHON BEPLUMHHON peXyLlen KPOMKM Npu NepeTodkax n us-
MeHeHuM ycrnoBun 3auenneHunsa gonbsika n obpabaTtbiBaemoro 3yb4yaToro koneca.

lMpoBeneHHble nccnegoBaHna [3] nokasanu, YTO yBENMYEHME nepenHux U 3aa-
HUX yrnoB 3y6ope3Hblx A0N6AKOB NO3BONSET B HECKOMBbKO pa3 NOBbICUTb MX CTOMKOCTb.
Ha ctaHgapTHbIX gonbsikax yBenuyeHue yrrios NpuBoauT K PE3KOMY COKpPALLLEHWUIO YuC-
na BO3MOXHbIX MEPEeTOYEK N COKPALLIEHMIO CPOKa AKCNIyaTaumm MHCTPYMEHTa.

MepeToyka gonbsika C HAKITOHHOW OCbI0 NPOM3BOAUTCS NO NepeagHen NoBEpPXHO-
CTV U C YY4ETOM, YTO 3aJHASA NOBEPXHOCTb ABMASETCH LUNTMHAPUYECKON MOBEPXHOCTHIO C
obpasyrowmmn, napannenbHbiMn OCU fonbsika, NePeToYKM MHCTPYMEHTA HE BHOCAT HU-
Kakmx n3aMmeHeHun B Npodunrb Hape3aemoro Koneca, He M3MEHSIKOTCS U YCNOBUS 3auen-
nexHunsa gonbska n Hapesaemoro Koneca.
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B pesynbTaTte 3ybopesHble A0nBsikM C HAKNOHHOM OCbK MOTYT NPOEKTMPOBATLCS
C YBENNYEHHON BENUYUNHOW OSMHbI 3yObeB, YTO NMPUBOAUT K BO3PACTAHUIO KONU4YeCcTBa
nepeToyek 1 obLLero cpoka aKcnsyatauum MHCTPYMeEHTa.

O6bI4HO 3ybopesHble [OoN6SKM C HaKIOHHOW OCbKD MPOEKTUPYIOTCH C NepeaHen
KOHU4YEeCKON NOBEPXHOCTLIO. C Lenblo NoBbILWEHNA TOYHOCTN 06paboTkM Lenecoobpas-
HO NPOEKTUPOBaTb MHCTPYMEHT C NepeaHen NoBepXHOCTbIO B (hopmMe MrocKocTn, nep-
NEeHOVKYNAPHON OCU NHCTPYMEHTA.

B atom cnyyae, onTumMarnbHble BENUYMHBI NEPEAHMX YINIOB Ha PEXYLLUNX KPOMKaX
aonbsika MOXHO co3fgaBaTth 3a CHET NOATOYUKN NepeaHen NoBepxHOCTU 060cobneHHo Ha
Kaxkgom 3ybe MHCTpymMeHTa.

Mpn aTOM BO3HMKAET 3agada NPoPUIMPoBaHNA JONBAKOB C HAKITOHHOM OCbIO C
dacoHHOW nepeaHen NOBEPXHOCTLIO.

Bonpocbl npocdunmpoBaHmsa AonbaKOB C HAKMOHHOM OCbi paccMmaTpuBanucb B
psge pabot [4, 7, 8, 9] Ha OCHOBE MCXOOHOW MHCTPYMEHTaNbHOW NOBEPXHOCTU, obpa-
30BaHHOM MO NEPBOMY CMNocoby M3 Tpex U3BECTHbIX Ha CErofHsILLHEM 3Tane uccneno-
BaHWI B 3TOM HanpaBfeHuMW.

M3BecTHO, 4TO onpeaerneHne UCXOAHOWM WHCTPYMEHTanbHOW MOBEPXHOCTU MO
BTOpPOMY criocoby oTMevaeTcsi CBOen NPOCTOTOM U MeHbLUen TpygoémkocTbto. OgHako,
3agadva npounmpoBaHns 3ybopesHbix JONGAKOB C HaKMOHHOW OCbl, MMelwmux da-
COHHYIO NepPEHIO NOBEPXHOCTb, HA Ba3e MCXOOHOW MHCTPYMEHTANbHOMW NOBEPXHOCTMH,
obpasoBaHHON MO BTOPOMY CMOCOOY C MOMOLLBbI NPOU3BOASALLEN PENKN, HE Bbina pe-
WeHa. JTa 3ajaya pellaeTca B JaHHOMW cTaTbe.

Llenbto aTon cTaTbu SABNSAETCS aHaNUMTUYECKOE peLleHne 3agadun npodmnmpoBa-
HUS 3ybopesHbIX OONOGSKOB C HAKMOHHOW OCbl, UMEKLWMX (PacCoHHY0 nepenHIo
NOBEPXHOCTb, HA OCHOBE WUCXOOHOW MHCTPYMEHTAalNbHOW NOBEPXHOCTU, 0Opa3oBaHHOM
No BTOpoMy crnocoby.

NMpodmnupoBaHmne gonbskoB ¢ haCoOHHOW NepenHen
NOBEPXHOCTLIO AN 06paboTKM 3yb4yaTbIX KOMEc

[onbGskn C KOHMYEeCKon nepeaHen MOBEPXHOCTbD MMEKT HeaoCTaTOYHbIe
BEMNYMHbI NepeaHUX YrnoB Ha BEPLUMHHOM M Ha OBOKOBbIX PEXYLUMX KPOMKaX, YTO
CHWXaeT nx pabotocnocobHocTs [1, 2, 5, 10].

C uenbto nosbiweHna pabotocnocobHocTn Gbinn paspaboTaHbl BCEBO3MOXHbIE
cnocobbl NOATOYKN MepeaHen MOBEPXHOCTU Kaxaoro 3yba gonbska, 4To MO3BOMAUIIO
MOBbLICUTb MX CTOWKOCTb 3a cyeT Bonee LenecoobpasHOro M3MeHeHUs BeNUYUHBbI ne-
peaHUX YrnoB Ha pPexyLmx KpoMkax gonbsika [6].

AHanua nokasbiBaeT, YTo 3ybopesHble [ON6SKM C KOHMYECKOW nepenHen no-
BEPXHOCTbIO BHOCAT OnpeferieHHble NOrpeLlHocTn B npodunb obpabaTeiBaemoro 3y6-
yaToro koneca. [Jnga Toro, 4tobbl NOBLICUTL TOYHOCTb 06paboTKM 3ybyaTbix KOnec, Le-
necoobpasHO NPOEKTUPOBATb OOMOSKN C pexyLlen KPOMKOW, pacnosioXXeHHON B Nfoc-
KOCTW, NeprneHanKYNsipHOM ero ocwu.

MeToanka nNpoekTMpoBaHNSa AONGAKOB C HAKMOHHOM OCbHK C PEXYLLEN KPOMKOW,
pacnosioXKEHHON B MNMOCKOCTU, MEprneHAMKYNSIpHOM ero ocu, BKIYaeT cnegyouime
aTanbl:

1. OnpepgenseTcsa pexylas KpoMKa Kak NIMHUA nepecevyeHns UICXOAHOW MHCTPY-
MEeHTarnbHOW NOBEPXHOCTM N BbIBPAHHOW NITIOCKOCTU X, NEPNeHanKynsapHon ocn gonbs-
Ka. 3a NnockocTb X npumeM ncxogHoe cedveHue li-Il (puc. 1), nepneHaMKynsapHoe ocu
nonbsika, KOTopoe NPoXoauT Yepes TOUKY A, nexallyto B 0CEBOM NNOCKOCTU obpabaTbl-
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BaeMoro koreca u gonbsika. Touka A aBNseTCa TOYKOW nepeceyeHnsa obpasyowmx Ha-
YanbHbIX LUMAMHAPOB Korieca v gonbaka npu ux 3auenneHnn ¢ BCcriomoraTenbHOW nNpo-
N3BOASALLEN PENKOMN.

2. Co3paétca pacoHHasa 3adHAA UMNUHOPUYECKas NoBEpPXHOCTb NMYTEM MPSIMO-
NMHENHO-NOCTYNaTeNbHOrO ABWXKEHUSA pexyLlen KPOMKM napannernbHO ocu Jonbska.
Mpwn aTOM Npohmnb 3agHen NoBepxHOCTN ByaeT coBnagaTb C (POPMON pexyLLen KpoM-
kn. OgHako, ecnv NpUHATL NepeaHIo NOBEPXHOCTb Aonbsaka B hopme NIIoCKOCTU X, TO
Ha pexyLlen YyacTn co3garTcsa oTpuuaTenbHble BENIMYUHBI NepeaHuX YrioB, B pasnny-
HbIX ee To4Kax, YTO He pekomeHOyeTCHa npu pa3paboTke BbICTPOPEXYLLErO UHCTPYMEH-
Ta.

MoaTtomy, ons Toro, 4tobbl co3gaTh uernecoobpasHble BEMUYUHbI NepeaHUX yr-
NnoB, NPUXOAUTCA MOATaYMBaTh NEPESHIO MOBEPXHOCTb Kakaoro 3yba gonbska. OT-
ctoga, npy NpounMpoBaHNn paccMaTpmBaeMoro MHCTpyMeHTa BO3HUKaeT 3ajadva on-
pegeneHns opmbl NnepeagHen NOBEPXHOCTU fonbsika n npoduns wingoBanbHOro Kpy-
ra ans ee obpaboTku.

Puc. 1. Cxema onpeaenenus gopmbl Npoduns 3ybbeB penku,
COMPSKEHHOM C OONGAKOM C HAKITOHHOM OCbHO

PaccmoTpum 06paboTKy HEKOPPUrMpPOBaHHOrO 3y6yaToro Komneca C 4YMCOM

mz

3ybbeB z;, ModynemM m, pagnmycom OenuTernibHOW OKPY>XHOCTK I = 7 (puc. 2).

Ocb gonbsika HaknoHeHa Ha yron €. Pagunyc ro AenuTenbHON OKPY>XHOCTW Aon6s-
Ka paBeH:

- M3

roe zZo — 4ucno 3ybbes gonbsika.
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Y4t inva

Puc. 2. Cxembl dopmMoobpa3oBaHus:
a — 9BOJIbBEHTHOM NOBEPXHOCTUN 3yDa 3aroToBKY;
6 — dpopMbI pexyLen KpoMkm aonbdsika

McxoaHyto MHCTpYMEHTanbHyt0 MOBEPXHOCTb Aonbska obpasyem no BTOPOMY
cnocoby ¢ NOMOLLbIO NPON3BOASALLEN CTaHAAPTHOW PErikK € yrnom npoduns ag = 20°.

B npouecce o6paboTkn HEKOPPUTMPOBAHHOIO Kosieca CpeaHsist IMHUS pernkn By-
AeT KaTuTbCa 6e3 CKOMbXEeHUSA No AeNUTENbHOM OKPY)XKHOCTU Koneca.

B ceuyeHnun lI-Il, nepneHgmkynspHomM ocu gonbsaka, opma ConpsiKEHHOWM C UHCT-
PyYMEHTOM peniku ByaeT umeTb yron npouns a,,, PaBHbIN:

tg a, =19 ap - COSs.
BbICOTHbIE pasmepbl 3TON penkn byayT paBHbI:
h
h, = ,
COcE
roe h — cooTBETCTBYIOLLNIA BbICOTHBLIN pasmep CTaHOapPTHOW PENKN.
Pagunyc oCHOBHOW OKpY)XHOCTW onbska 6yaeT paBeH:

o= 1o cOSa,.
YpaBHeHWEe 3BONbBEHTHI (pUC. 2, a) byaeT:
Q, =tga, —a, =inva;

Onpegenvm chopmy pexyLuen Kpomkm gonbsika B cucteme XY (puc. 2, 6).
LWnpuHa S BnagnHbl 3yba Ha AenUTENbHON OKPYXXHOCTMU:

s="M_Axs.
2

BennumHa AS BBoguTca ans obecnedeHns GOKOBbIX 3a30pOB B nepeaade.
Yron w ona Toukn A Ha OenuTeribHOM OKPYXHOCTU onpeaenseTtcs no opmyne:
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_ S
2r,
KoopanHaTtbl Toukm A ByayT Takue:
Xa =Tp - Sin w; Ya=Tp - COSW.
KoopauHaTtbl To4uku B, pacnonoxxeHHON Ha OCHOBHOW OKPY>XXHOCTW:
XB = Igo - SIN Wpg; Y = Igo -COS Wpg,
rne wg=w-Q=w-inva,.
KoopauHaTtbl nponssornbHon Toukun C, pacnnoXxeHHon Ha BbibpaHHOM paauyce fy,
OyayT paBHbI:
' Xi=ry-sSinwy;  Y;=Try- COSwy,
rae wy=wg+ INVa,.

COSJ(y ZrG;o.
fy

CoBokynHoCTb ToYek A, B, C, ... bygeT pexyLien KpOMKOM Aonbsika ¢ HaKNoHHOWM
OCbl0 C MIIOCKOW nepefHen MNOBEPXHOCTbIO, MNepneHauKynspHon ocu ponbska. B
paccMaTpMBaeMOM Cryyae co34aloTca HebnaronpuATHble BENUYUHBI NepesHUX YrioBs,
YTO CYyLWECTBEHHO CHWXaeT paboToCcnoCOBHOCTb WHCTpyMeHTa. [Ons nonyyeHus
ONTMMarbHbIX BENWYMH MNepeaHuX YrnoB nNpPearioxkeHo noATavmBaTbh MNEPEOHIon
NOBEPXHOCTb Aonbska cneunanbHbiM (ACOHHBIM WNNgOBanbHbIM Kpyrom. dopma
paboyen NOBEPXHOCTU LWNMGOBANbHOIO Kpyra oOnpeaensieTcad Kak MnoBEepPXHOCTb
BpaLLeHNs pexyLien KpoMKu gonbsika BOKPYr ocu WnngoBanbHOro Kpyra.

Mpun rpaduyeckom onpeneneHun npouns WnnudoBanbHOro Kpyra B cucteme
nnockocten npoekuun M/, (puc. 3) nsobpaxaetcs opma ABC pexylien KpoMKu
ponbsika, pacnonoXeHHas B NNOCKOCTU XoYo.

Touka A Ha BepwmnHe 3yba aonbsika npuHaTa 3a 6a3oBy0, B KOTOPOW CO3daeTcs
NPUHATAA BENUYUHA NepedHero WHCTPYyMEHTanbHoro yrna y,. [lonoxeHue ocu X
LWNMdoBanbHOro Kpyra onpenensercs BenuyinHon ero paguyca Ry B 6asoBon Touke A.
Bpawas Toukn A, B, C pexyLien KpOMKN BOKPYr Ocu LWNMoBansHOro Kpyra, nonyyaem
COBOKYMHOCTb OKPY>XHOCTEW, KoTopas OyaeT UCKOMOW WHCTPYMEHTasrlbHOM MOBEPXHO-
CTblo. Tak, Hanpumep, NPOM3BOSibHas ToYka B pexyllen KpoOMK/M onucbiBaeT npu Bpa-
LLeHNX BOKPYr OCU Kpyra OKpY>XHOCTb BL.

Mpodunb WwnNndoBanbHOro Kpyra ornpenenseTca Kak NUHUA nepeceyeHus uc-
XOAHOW MHCTPYMEHTanbHOW NOBEPXHOCTU M NSIOCKOCTU Y1 = 0.

Tak okpyxHOCTb BL nepecekaetcsa ¢ nnockocTtbio Y3 = 0 B Touke L. Toyka L Gy-
OeT TOYKOW npodunsa wnudgoBarnbHOro kpyra. AHanorm4yHo Toyke L HaxogaTca gpyrue
Toukn npocuna kpyra. ictTuHHaa dopma npoduna kpyra (MuHna LiEsz) npoeumpyeTcs
Ha NnocKocCTb [1s.

Mpn aHanuTn4yeckom onpegeneHn npocuna  WnMgosBanbHOro  Kpyra
onpegensetca pexywasa kpomka ABC Ha 3aTtadmBaemom 3ybe gonbsakoB B cucteme
XoYo0Zo. Npun M3BECTHBIX KOOpAMHATaX pexyllen KpoMku B cucteme XY (cMm. puc. 1)
KoopAMHaTbl TOYEK PeXyLLen KpOMKM B cucteme XoYo paccumtbiBaloTcs no popmynam
npeobpasoBaHnst KOOPANHAT:

Xo =X cost —Y sint;
Yo=Y cost + Xsint;
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H3 H2 A Z1
Y,

\4

ST A
E E,
11,
I, % X,
Yo Y,
A L, E, r
B, Cl‘

Puc. 3. 'padhmueckoe onpeaeneHne npouns wnndoBanbHOro Kpyra

Z, =0,
mm
rnpe t=—o.
2r,
B cucrteme Xi1Y1Z; koopauHaTthl TOYEK pexyLlen KpOMKM onpenensatTca no crne-
aywwmm dopmynam npeobpasoBaHus KOopamMHaT:
Y]_ = Yo - (rao - RK sin VI/I);
X1 = Xo;
Z1 = Zy— Rk cosyy;
Paouyc R; BpaweHns To4Yek pexyLien KpOMKN BOKPYr OCU LLNNEOBanNbLHOro Kpyra

OyneT paBeH:
R =JY2+Z2.

Mpodunb wnmudgoBanbHOro Kpyra dyaeT onpefensitbCa BeNMYMHaAMM pagnycoB
Ri n koopanHaton Xi, onpeaeneHHbiMn AN BblIOpaHHbIX TOYEK pexyLlen KPOMKU O0r-
Bska.

Mpodunb Kpyra no TEXHONOrMYECKUM COODpaxXeHUsiM, N0 MU3BECTHbIM anropuT-
MaM U nporpaMmmam, 3aMeHsIeTCa AyramMmn OKPYXHOCTEN NnMbo oTpes3kamMm NpAMbIX fn-
HU.
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BuiBoAabl

1. PeweHa 3agaya npounupoBaHusi 3y0Ope3HbIX AONOSAKOB C HaKMOHHOM
ocbio Anst 06paboTkm 3ybyaTbiX KOMEC, Y KOTOPbIX peXyllias KpoMKa pacmno-
naraeTcsi B NSIOCKOCTU, NePNEHaNKYNSPHON OCU MHCTPYMEHTA.

2. [Ons co3pgaHnsa Ha pexylien 4acTu OnTUMasbHbIX BEMWYMH NepeHuX yrios
uenecoobpasHo Ha kaxaom 3ybe cos3gaBaTb (PAaCOHHYK NEPESHIo NOBEPX-
HOCTb BpaLleHus.

3. dopmoobpasoBaHue npochmna nepegHen NoBepxHOCTU 3yba gonbsika c Ha-
KNOHHOM OCbI0 C LEeNbi NOBbLIWEHNA NPOU3BOAUTENBLHOCTU criegyeT NpoBO-
OUTb npochunem wnmgosBanbHOro Kpyra, KOTopbl onpegenseTca no npuse-
AEHHOWN B cTaTbe MeToauKe.
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IIpodginoBannsa 3y0opizajbHUX 10B0AYIB, 10 MAIOTh (ACOHHY
MepeIHI0 MOBEPXHIO ISl 00pPOOKH 3y0UacTHX KOJIeC

Po3rnaHyTo nutaHHs npodintoBaHHs AoB6ayiB 3 NOXUIIOK BiCCHO, LLO MaloTb da-
COHHY MOBEPXHI0, JaHO aHasniTU4He pPO3B’A3aHHA 3agadi npodintoBaHHA AoBbadviB Ha
6asi BUXigHOT iIHCTPYMEHTanNbHOI NOBEPXHi, CTBOPEHOI 3a JONOMOIOK LOMNOMIKHOI TBIp-
HOT NOBEPXHI.

Knro4yoei cnoea: pnosbay, hacoHHa noBepxHs, npodintoBaHHA AoBbGauviB, iH-
CTPpyMeHTaribHa NoOBEepPXHS

Profiling the cutter swith formed front surface
to machinetooth gears

Problems of profiling the inclined cutters with formed surface are considered,
analytical solution of problems of profiling the cutters based on reference instrumental
surface formed by means of auxiliary generating surface is given

Keywords: cutter, formed surface, profiling the cutters, instrumental surface
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