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AHOTAIIA

Poman YATAMHA. [TigBuienas e(heKTUBHOCTI YUCTOBOTO
3y0odpe3epyBaHHs MIECTEPEHb METOJIOM YEPB'SUHO-KOHTYPHOTO 3y0o(pe3epyBaHHs.
KBamidikamiitna poboTa aiist ocBITHROTO cTymneHs «marictp»: [IIHTY, 2024. — 103 c.
Marepianu npe3enraii 14 apkyuris.

Mertorwo poGoTu € miABUIIEHHS €(QEKTHUBHOCTI YHUCTOBOi  0OpOOKHU
€BOJIbBBEHTHUX 3y04acTHX KOJIC BUKOPUCTOBYIOUM METOJ YEpPB’SIMHO-KOHTYPHOIO
3y0odpe3epyBaHHs, SKHM CTBOPEHHM Ha KapJWHAJIBHO I1HIIMX MPUHIMIAX, Ta
1030aBJIeHUI HEJOIIKIB TPATUIIIHOTO YePB’ IYHOTO 3y0o(pe3epyBaHHS.

Y poGoti Oyyno mpoaHaTi30BaHO CTaH CY4YacCHOI TEXHOJOTiI 4YepB’SIMHOTO
3y0odpesepyBaHHs, HOCTIKEHO BIIOMI HEJOJIIKA METOY Ta KOHCTPYKIIlT CydacHUX
yepB’syHUX (Ppe3. Ha ocHOBI BIIOMUX METOAMK JOCIIIKEHHS (DOPMOYTBOPEHHS Ta
pO3paxyHKy CHJIOBHX XapaKTepuCTUK 3yOodpesepyBaHHa Oylio po3pobIieHO
MOPIBHSUTPHY METOJUKY TPAJUIIMHOTO Ta MPOMOHOBAHOTO METOIY, Ta 3AIMCHEHO
nocimpkeHHs. [IpoBeneHo HeoOX1HI EKOHOMIUHI pO3paxyHKH.

AktyanpbHicTb. IllecTepHi HIMPOKO BUKOPUCTOBYIOTHCA Yy MeEXaHI3Max 1
MaluHaxX, aje TpaJuIlifHa TEXHOJIOTIS BUTOTOBJEHHS IIECTEPEHb METOJI0M
4yepB'sTYHOT0 3yO00o(pe3epyBaHHsS Ma€ Psii HEAOIIKIB Ta 3HAXOAUTHCS HAa MEXI CBOIX
TEXHIYHUX MOKJIUBOCTEH. Y poOOTI 3ampOnOHOBAHO Ta OCIHIDKEHO MPUHITAIIOBO
1M MeTo1 3y0odpe3epyBaHHS.

HaykoBa HoBHU3HA. Briepiie mociiKeHO TMOKa3HUKU MPOTYKTUBHOCTI, CHIIN
pi3aHHs, MOTYKHOCTI Ta €HEProOEMHOCTI MPOIIECIB YepB’IYHOTO 3yOOo(]pe3epyBaHHS
Ha OCHOBI MapaMeTpy IIBUJKOCTI 3HIMaHHs Martepiany (material removal rate) Ta 3a
pe3yibTaTaMu JOCTIPKEHHST TPoIeciB (hOPMOYTBOPEHHSI HAa OCHOBI TPHBUMIPHUX
KOMIT FOTEpPHUX MOJIENEe KIHEMaTUKU METOAIB 3yOo(dpe3epyBaHHS sl BU3HAUEHHS
reOMETPUYHUX (POPM OJIMHUYHUX PI3iB.

IIpakTnuHe 3HaYeHHss. CTBOPEHO KOMIT IOTEPHI MOJIeIl KIHEMATHUKU METO/IIB
9uCTOBOTO 3yOodpesepyBaHHs UIsi BU3HAYEHHS TEOMETPUYHUX (DOPM OIMHUIHUX
pi3iB Ta 3aKOHOMIPHOCTI iX po3moAUIeHHS TiAg dYac oO0poOku. Po3pobieno
KOHCTPYKI[I}O YepB’SIMHO-KOHTYpPHOI (pe3u 13 MEXaHIYHUM KpPIIUIEHHSM 3MIHHHMX
pl3aJIbHUX TUTACTHH.

KarouoBi caoBa: 3ybodpesepyBanHs, IIecTepHs, dYepB’siuHa (Qpesa,

(GhOpMOYTBOPEHHS, EHEPTOEMHICT.



ABSTRACT

Roman Chagaina. Increasing the efficiency of finishing gear hobbing by the
method of contour gear hobbing. Master’s thesis: CUNTU, 2024. — 103 p.
Presentation materials 14 drawings.

The purpose of the work is to increase the efficiency of the finishing gear
hobbing of involute gears using the method of contour gear hobbing, which is based
on radically different principles and is devoid of the disadvantages of traditional
worm gear milling.

The paper analyzed the state of modern gear hobbing technology, investigated
the known shortcomings of the method and design of modern gear hobs. On the basis
of the known methods of research of forming and calculation of cutting force
characteristics of tooth milling, a comparative method of the traditional and the
proposed method was developed, and the research was carried out. Necessary
economic calculations have been carried out.

Relevance. Gears are widely used in mechanisms and machines, but the
traditional technology of manufacturing gears by the method of gear hobbing has a
number of disadvantages and is at the limit of its technical capabilities. In the work, a
fundamentally different method of tooth milling is proposed and investigated.

Scientific novelty. For the first time, parameters of productivity, cutting force,
power, and energy consumption of gear hobbing processes were investigated based
on the material removal rate parameter and based on the results of the research of
forming processes based on three-dimensional computer models of the kinematics of
gear hobbing methods to determine the geometric shapes of single cuts.

Practical value. Computer models of the kinematics of fine gear hobbing
methods have been created to determine the geometric shapes of single cuts and the
regularity of their distribution during processing. The design of a contour gear hob
with mechanical fastening of replaceable cutting plates has been developed.

Key words: hobbing, gear, hob mill, forming, energy consumption.
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BCTYII

AKkTyanpHicTb  pob6oru. Ha  choroani,  TpaaMiiiiHE  4YepB’sSUHE
3y0odpe3epyBaHHs 3HAXOJAUTHCS HAa MEXI CBOIX TEXHIYHHUX MOXIMBOCTeH. Meron
Ma€ CYTT€BI OOMEXEHHS IO IIBUIKOCTI pi3aHHSA Ta TMoJadi, 3HOCOCTIHKOCTI
ITHCTPYMEHTY, SKOCTI OOpOOKH, TOMY BHWHHUKAIOTh CKJIQJHOII Yy peaiizaimii JesKuX
3aXO0/I1B MO IMABUIIEHHIO €()eKTUBHOCTI. BiTuyTHUX pe3ysbTaTiB MOYKHA OTPUMATH 3a
paxyHOK 3MIHM KIHEMaTWKH IIpOLlECY pi3aHHS Ta BHUKOPHCTAHHS HOBHX,
parioHaTbHUX cXeM (OPMOYTBOPEHHS 13 3MIHOIO KIHEMATUKHU PO3MOILITY 3pi3iB.

OcTaHHIMH TEHJCHIISIMH CEpel CYYaCHHX JOCHIKEHb YepB’SIYHOTO
3y0odpe3epyBaHHsl SIBISIIOTBCSA MPOLIECH 3HOCY, 30KpeMa IMiJABUIIEHHS CTIAKOCTI
dpe3n 3a paxyHOK OaraToIrapoBHX IMOKPUTTIB 13 HAJATBEPIUX MarepiajiB, a TaKOX
JOCBIJ eKciulyaTalii ¢pe3 13 MOPOIIKOBUX 1HCTPYMEHTAJIbHUX MaTepialiB.
OOyMOBIIEH1 TOCHIPKEHHS BUKOHYIOTHCA 13 MIUPOKUM 3TyYCHHSIM KOMIT FOTEPHOTO
MozenmoBaHHsA. OHaK BCl Il JTOCTIIKEHHS 00’ €IHY€ Te, 110 BOHU HE 31HCHIOIOTH
cpoOy 3MIHUTH KapJIMHAJIbHO MPUHIIMII B3a€MOJII pi13ajdbHOI YaCTUHU 1HCTPYMEHTY
Ta 00poOIIOBaHOI MOBEpPXHI, TOOTO cxemy (OPMOYTBOPEHHS, a JIMIIE MOKJIMKaHI
BJIOCKOHAJIMTH, 200 HIBEJTIOBATH BIJIOMUX HEIONIKIB, ICHYIOUOI CXE€MHU pi3aHHS IpPH
TpaauLiiHOMY YepB’ TYHOMY 3yOodpe3epyBaHHI.

OTxe, BIOOMI JOCHIDKEHHS  XapaKTepU3YIOTh METOA  TPAAUIIHHOTO
YepB'I4HOT0 3y00odpe3epyBaHHs SIK TOCUTh CHEPTOEMHUM 1 BUTPATHUM, 31 CKIATHUMU
yMOBaMH pi3aHHS Ta (HOPMOYTBOPEHHS, 3 HASBHICTIO 3HAYHMUX CHJI pizaHHA. lle He
BiNIOBiTae BUMOTaM, SIKIi TPEI SBISIOTBCS /IO CYYacHHX, CHEProoIagHuX
TeXHOJIOr1i. PoOoTa mpucBsiUeHAa CTBOPEHHIO TEXHOJIOrIl 3yOodpe3epyBaHHS Ha
KapJUHAIBHO 1HIIWUX MPUHIIUIIAX.

Mera i 3agaui gociaigkeHnsi. Metoro poOOTH € TiABULIECHHS €()EeKTUBHOCTI
YUCTOBOTO  3yOodpe3epyBaHHS  IMIECTEPEHb 3  €BOJBBEHTHUM  Mpodiiem
BUKOPHCTOBYIOUM  METOJ|  4Ye€pB’SUHO-KOHTYpPHOTO 3yOodpe3epyBaHHs, SKUN
CTBOPEHUN Ha KapJWHAJIBLHO IHIIMX NPUHIMUIAX, Ta T[030aBJICHUNA HEIOJIKIB

TPaaUIIAHOTO YepB’IYHOTO 3yO0odpe3epyBaHHS.



Jljis JOCATHEHHSI TOCTaBICHOT MeTH, BUPILIYBAJINCh HACTYIIHI 3a/4a4i:

1. BusHauuTu cXxeMmy YTBOPEHHS €BOJBBEHTHOIO Npoduito, Mmo30aBieHy
HEJOJIKIB  cXeMH  (OPMOYTBOPEHHS  NpU  TPAAULIMHOMY  4YEpB’ SIYHOMY
3y0odpe3epyBaHHI.

2. Po3poOUTH KOHUEMNIII0 METOAY YepB'sTYHOro 3yOo(pe3epyBaHHS, SKUI
3aJI0BUTHHUTH BUMOTH 3MIHEHOI CXeMU (hOPMOYTBOPEHHSI €BOJILBEHTHOTO MPOQIITIO.

3. Po3pobutu METOAWKY Ta BHKOHATH TOPIBHSJIBHUM aHai3 IIPOIIECIB
YTBOPEHHSI €BOJIBBEHTHOTO MNPOQLUII0 METOJaMHU TPAJULIMHOIO Ta KOHTYPHOIO
3ybo(dpesepyBaHHs B yMOBaX TPUBHUMIPHOTO KOMIT FOTEPHOTO MOIEIIOBAHHS.

4. Po3poOUTH METOJUKY Ta BUKOHATHU MOPIBHSUIBHUIA aHali3 €HEePro€MHOCTI
npoiieciB  3yoodpe3epyBaHHS Ha OCHOBI pE3YyJbTATIB JOCHIKEHHS MPOIECIB
YTBOPEHHSI €BOJILBEHTHOT'O MPOQLIIO.

5. IIpoBecT po3paxyHKH €KOHOMIYHOTO €(EeKTy BiJl BIPOBAHKEHHS HAYKOBOI
PO3pOOKHU.

O0’eKT n0CiIKeHHsT — YepB'sTUHI Ppe3u.

IIpeameT AocCHiTzKeHHSI — TMPOIIEC YTBOPEHHsS €BOJBBEHTHOTO Mpodimto Ta
BIUTUB MOro TOKa3HWKIB HA CWJIM pIi3aHHI Ta EHEPrOEMHICTh MPOIECY
3y0odpe3epyBaHHs, B 3aJI€KHOCTI BiJI MPUHHATOTO METOAY (hOPMOYTBOPEHHS.

HaykoBa HoBU3HA. Briepuie q0cimimKeHO TMOKA3HUKUA MPOAYKTUBHOCTI, CHITU
pi3aHHs, MOTYKHOCTI Ta €HEPrOEMHOCTI MPOIIECIB YepB’ AYHOTO 3yOo(dpe3epyBaHHS
Ha OCHOBI MMapaMeTpy LIBHUJIKOCTI 3HIMaHHs Martepiany (material removal rate) Ta 3a
pe3yibTaTamMul JOCTIPKEHHS TPoleciB (hOPMOYTBOPEHHS Ha OCHOBI TPHUBUMIPHUX
KOMII FOTepHUX MOJENel KiHEeMaTHKH METOMdIB 3yOodpe3epyBaHHS Isl BU3HAUYCHHS
r€OMETPUYHUX (POPM OJIMHUYHUX PI3iB.

IIpakTnuHe 3HaYeHHss. CTBOPEHO KOMIT IOTEPHI MOJIeIl KIHEMATHUKU METO/IIB
YHCTOBOTO 3yOodpe3epyBaHHS Il BH3HAYCHHS T'C€OMETPHUYHUX (HOPM OJMHUYIHHUX
pi3iB Ta 3aKOHOMIPHOCTI iX poO3moAUIEHHS ™A dYac 00poOku. Po3pobieno
KOHCTPYKIIIO YepB’SIMHO-KOHTYpPHOI (pe3u 13 MEeXaHIYHUM KpPIIUICHHSM 3MIHHHX

pl3aJIbHUX TUTACTHH.
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HepnedopmosaHa
A TOBLLVHA CTPYXKKM

A BC D
Puc. 1.10 Posmoain HeaehpopMOBaHUX TTOTIEPESUHHX TIEPEPI3IB 3pi3aEMOTO IIapy B

30H1 Bp13aHHA, IIPH IIOBHOMY Pi3l 1 BUXO/1 IHCTPYMEHTA.

1.1.4 Iloxubku dJeppB’guHoro 3y6odpeszepyBaHHs, TMOB’f3aHi i3
KOHCTPYKUIi€K0 YepB’ A4YHHUX ¢ pe3
HapizaHHi BHCOKOSKICHHX 3yO4acTHX KOJIC METOAOM  YepB’SYHOTO
sybodpezepypaHHgd 3 HEOOXIJHUMH MMapaMeTpaMH TOYHOCTI — BiAMOBLJadbHA
TEXHOJIOT1YHA 3aJ]a4a, Ha 9KY BILIMBAKOTh OaraTo pakTopiB, 30KpeMa:
— TEXHOJOTIYHI MOXJHMBOCTI Ta JUHAMIYHI XapaKTSPHUCTUKU 3yOodpe3epHOTo
BEpPCTATY;
— TOYHICTH BUTOTOBJICHHS T4 BCTAHOBJICHHA P13aJIbHOTO IHCTPYMEHTY.
IToxuOKH, 9Ki BHHHUKAKOTh B HACIHIJOK HETOUHOCTI BUTOTOBJICHHSA YEpPB’ TUHOI

(dpesu BiTHOCATHCA A0 CUCTEMaTHUIHUX, Ta HaBe/IcHI Ha puc. 1.11 [27].






















































































































































































































































