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MHOBBIIEHUE MNPOU3BOJUTEJIBHOCTH OUHUILITHON OBPABOTKU
3YBYATBIX KOJIEC

B cmamve paccmampusaiomces cywecmeylowiue memoosl HUcmosol oopabomku 3y66e8 YuruHOpUIecKux
3y0uamuix Konec: 3yOowesunzoganue, Xon00Hasi 0OKamKa, 3YO0XOHUH208aHue, HenpepvisHoe O0OKamHoe
3ybownugosanue, npepvigucmoe npoguibHoe 3ybouinugosanue, 3y60ghpeseposanie MEEPOOCNIAGHLIMU
uepeaunviMu - pesamu. Memoovl uucmogoli 06pabomku  3y0be8 YUTUHOPUYECKUX 3yO4amulX Koiec
cpagnugaiomcsi no pady Kpumepues: cywecmeyiowjue HeOOCmAmK, HPUMEHIEMOCMb, MOYHOCHb U
npouzeooumensHocmy. B ucciedosanuu evisigneno, umo memoo HenpepvleHo2o 0OKamHo2o 3y60unugosanus
obnadaem JyvwuMy NOKA3AMETAMU NPOUIGOOUMETLHOCIU U XOPOUlel MOYHOCHIbIO, HO HpU €20
UCNONB308AHUU BOZHUKAEM UCKAdICeHUe npodus 3y6a 0bpabamvisaemo2o 3y0uamoeo Koneca.

Knrwoueevte cnoea: ¢unuwnas obpabomra, 3y6uamoe Koneco, 3ybowesunzoganue, 3y00XOHUH2O08aHUe,
3yboghpeseposanue, 3yboutiugosanue, Xo100Has OOKAMKA.

AKTyaJIbHOCTh. B mporiecce M3roroBieHHs 3yOUaThiXx KOJEC METONOM OOKaTa WIIM KOINHMPOBAHUS IMPOQHIH
MOIy4aeMoro 3y0a MMEeT He JOCTaTOYHYI0 TOYHOCTh W IIEPOXOBATOCTh MOBEPXHOCTH JUIS HENOCPEICTBEHHOMH
YCTaHOBKH M3/eIHs B MeXaHu3M. K ToMy ke /Il TOBBIIIEHUS TONTOBEYHOCTH M3TOTAaBIMBAEMOr0 3y04aToro Kojieca ero
HEOOXOIUMO TMOJBEPTHYTh XMMHUKO-TEPMHUUECKOH 00paboTKe, KOTopas ellle CHIIbHEEe MCKa)KaeT MCXOIHBIA MpOQMIb.
Jus noctmkeHus TpeOyeMOH TOYHOCTH, IIEPOXOBATOCTH M HM3HOCOCTOWKOCTH B TMape C XUMHKO-TEPMHYECKON
orepanyeil MpUMEHSIOT (QUHUIIHYI0 00pabOTKy MOBEpXHOCTH 3yObeB. COBepIIEHCTBOBaHME KauyecTBa (DHMHHUIITHON
00paboOTKy IOBEpXHOCTH 3YObEB MOXKET OBITH WCIOIB30BAHO B PA3IUYHBIX OTPACHSAX MAIIMHOCTPOSHHUS U
pUOOPOCTPOCHHSI.

IMocranoBka mpoGiaembl. KauectBeHHass ¢uHuUIIHAsS 00paboTka TpeOyeT COBEpIIESHCTBOBAaHHS €€ METOIOB,
TOBBIIEHUS 3(PPEKTUBHOCTH HCIOIB3YEMOT0 HHCTPYMEHTA U YBEIIMUEHHsI TOUHOCTH 00pabOoTKH.

AHaim3 myoaukanuii. BonpocaMu TEXHOIOTMYECKUX MPOIECCOB 3y0000paOOTKH M, B HACTHOCTH pEIICHUEM
MpOOJIEMHBIX BONPOCOB TIIOBBIIICHUS KadecTBa M MPOU3BOAUTENBHOCTH 00paboTku, 3aHuMaiuch [ oxman X.J.
Butpenko B. A., I'pudanos B.M., Hosukos @.B., Jlureun @.J1., Pomun I1.P. u ap. OgHako BOMpoc 0 paroHaIbHOCTH
MPUMEHEHHSI TOrO WJIM HMHOTO METOJa YHUCTOBOM 00paboTKM 3yObeB IMJIMHAPHYECKUX 3yO4aThlXx Kojec, U3
CYIIECTBYIOIUX Ha AaHHBIA MOMEHT, JI0 CUX TIOp HE MMEET €IMHOTO PELICHHS.

Heas cratbu. Crpoc Ha KavyecTBEHHYIO (pUHHIIHYIO 00pabOTKy TpeOyeT COBEpIICHCTBOBAHUS €€ METOIOB,
TIOBBINIEHUST 3(PPEKTUBHOCTU HCIIOIb3yEMOr0 WHCTPYMEHTa W YBEIMYEHHs TOYHOCTH 00paborku. llenblo maHHOM
CTaTBhH SIBIISIETCSl aHAJIM3 CYIIECTBYIOUIMX METOJOB YHCTOBOW OOpabOTKHM 3yObEB IMIIMHAPHYECKUX 3yO4aThIX KoJec,
BbIsiBIIeHHE "cnaObix" M "CHIBHBIX" CTOPOH KaXKJOr0 M3 HUX, BBISBJICHHE ITapaMETPOB M ITOKa3aTelieid TpeOyrommx
yAyqlIeHUE UX 3HAHUH B LEJSAX TOBBIIIEHUS TPOU3BOAUTEIHLHOCTH.

H3no0ixenne 0CHOBHOro MaTepuasia. B npoMBIIUIEHHOCTH /ISl YUCTOBOM 00pabOTKH 3yObeB IMIMHAPHYECKUX
3y0YaThIX KOJIeC HAauOOJIee YacTo MPUMEHSIOT CIeaAyIomue MeTosl [1, 2]:

3yOOIIEBHHI OBAHUE;

XOJIOHAast 00KaTKa;

3yOOXOHHHT OBaHHE;

HerpepbIBHOE 00KaTHOE 3yOouutidoBaHue;

IpephIBUCTOE NIpodriibHOE 3ydouutidoBaHue;
3y0o(hpe3epoBaHne TBEPAOCIIABHBIMU YEPBSYHBIMH (DpE3amMu.

IIpu Bcem pa3HOOOpa3WM METONOB YHCTOBOH 00paOOTKM 3yObeB HamOoiee pacHpOCTPaHEHHOW omepanueit
00pabOoTKU 3yObEB 3aKAJICHHBIX 3y0UaThIX KOJIEC SIBIACTCS 3yOonuindoBaHue.

Jo 1990-x romoB Ha MPOTHKEHWHM MHOTHX IECATHICTUN IJI YHCTOBOM 0OpabOTKHM 3yObEeB 3yOUaTBIX KOJIEC
LIMPOKO MTPUMEHSIICS METOJI IIEeBUHIOBaHMs. B KauecTBe MHCTPYMEHTOB ISl IIIEBUHIOBaHUS IPUMEHSUIUCH: JTUCKOBBIN
meBep (puc. 1), meBep-peiika U yepBsuHbIN mieBep. [Ipodwmib 3yba mieBepa UMEET P MENKHX KaHajaoB. Kakmbrid
BBICTYIN KaHalla 00pa3yeT peKyLIyIo KpOMKY, KOTopas pu padoTe IIeBepa cpe3aeT 04eHb TOHKYIO CTPYXKKY.

Puc. 1. JIuckoBelii meBep
a — JIMCKOBBIN 1IeBep; 6 — 3y0 1ieBepa



Mero/ IIEBUHTOBaHUS MMEET BBICOKYI0 TOYHOCTH OOpaOOTKM JOCTHTAIOUIYIO JO0 S5-0i CTEeleHH M HHU3KYIO
IEpOXOBAaTOCTh oOpaboranHoro 3yba R,=1,25...0,63 Mkm. Takas TOUHOCTH oOmpepensieTcss TeM, 4To o00paboTka

MPOU3BOIUTCS TIPU CBOOOIHON KUHEMATHYECKOH CBSI3M BUHTOBOH Mepead — 3y04aToro Kojeca U AUCKOBOTO IIeBepa,
YCTaHOBJICHHBIX Ha MEPEKPEIIUBAIONINXCS OCSIX M BPAIIAIONIMXCS B 0€33a30pHOM 3alleTUICHUH.

B3ameH 3y0OIIEBHHTOBaHHIO YaCTO MPUMEHSIOT XOJIOAHYIO 00KaTKy 3yObeB. IIpu oOkaTke 00paboTka OGOKOBBIX
MIOBEPXHOCTEH 3yOheB 3y04aToro Kojieca OCYHIECTBISIETCS 0€3 CHATHS CTPYXKKH ITOCPEICTBOM IUIACTHYECKOTO
neopMHUpOBaHUsl MeTaJla B XOJIOmHOM coctossHuM [3]. B mpomecce oOkatku Mexay oOpadaTbiBaeMbIM KOIECOM U
0OKATHUKOM HUMEET MECTO TOUCYHBIH XapaKTep KacaHwus, YTO ABISIETCS MPUYMHON HHTEHCUBHOTO U3HOCA OOKaTHHKA. B
pe3ynbrare u3HOCa OOKATHHKA MPOUCXOMUT MOTEPsS TOYHOCTU H3eius. MccaemoBaHus MPOBOMIUMBIEC B 3TOi 00NacTH
MOKa3ald BO3SMOXXHOCTh MPUMEHEHHS HOBBIX CXeM (OpMOOOpPA30BAHUS HAKATHHKOB, KOTOPBIC MAIOT 3HAYHTEIBHO
JyYIIIHe Pe3yIbTaThI [0 CPABHEHHIO C IPHUMEHSICMBIMH B TIPOU3BOJICTBE.

[lIupokoe pacnpocTpaHeHHE METOIbl YTPATHIM B CIEACTBUM CBOEr0 OCHOBHOI'O HENOCTaTKa — 00paboTKy
BO3MOXHO TPOM3BOMUTH TOJIBKO IO HE3aKaJeHHbIM 3yObsM. Ilociemyroiiee MpUMEHEHHE XUMHUKO-TEPMUYECKOH
00pabotku (XTO) cHMKAET MOTYyICHHYIO TOYHOCTh Ha 1—2 creneHn. MeTozbl ObUTH BBITECHEHBI M3 MPOU3BOJCTBA U3-
3a HEBO3MO)KHOCTH MPOU3BOAUTE YHCTOBYIO 00paboTKy mocie XTO.

B wHacrosiiiee Bpems Ui YHMCTOBOW 00pabOTKM 3yObEB 3aKANCHHBIX IWIMHIAPHICCKHX 3Y0YaThIX KOJEC
MIPUMEHSIOT 3yOOXOHHHT OBaHue 1 3yoounindoBanue. Y 3y00XOHHHTOBaHUs CKOPOCTh 00padoTku B 5—10 pa3 Hinke yem
npu obpabotke 3yOonutndoBaHueM. B pesynpraTe Takoil 0OpaOOTKM HaOIOAAeTcsi MOBBIIIEHHOE MEXaHWYECKOoe
HampshkeHHe Npu o0paboTke 3YOOXOHHHIOBAHHEM W IIOBBINICHHOE TEPMHUUYECKOrO HAMpPsHKEHHE MpH 00paboTke
syoonumndoBanreM. M3-3a HHU3KOW CKOPOCTH OOpaOOTKM W MPOM3BOAUTEIBHOCTH METOA 3yOOXOHUHTOBAaHUSA HE
TIOJTYYHJT ITUPOKOTO PACTIPOCTPAHEHHSI.

OTnenbHOE MECTO B YHUCTOBOH 00pabOTKe 3yObeB 3yOUaThIX KOJEC IONYYHJ METOA 3yOodpe3epoBaHHs
TBEPOCIUIABHBIMU YepBsUHBIME (hpezamu (puc. 2).

Puc. 2. TBeprocruiaBHas uepBsiaHas ppesa

TBepmocmiaBHas 4epBsAdHas (pe3a MPEACTABIACT COOOH YEpBAK dYalle OJHO3AXOMHBINH, KOTOPBIA HMeEeT
OMpEICIICHHBINA HCXOMHBIA KOHTYp 3y0UaTON PEHKH, a pacIoiI0KEHHBIC BIOJIb OCH MPOIOIbHBIC CTPY)KECUHBIC KaHABKU
00pa3yroT 3y0bs ¢ PEKYITUMH KPOMKAMHU, HEOOX OTUMBIC JIJIs1 00pabOTKH pe3aHHEM.

K HemocTaTkaM TBEpIOCIUIABHBIX YEPBSIUHBIX (Ppe3 OTHOCAT BBIKPAIIUBAHUE PEXKYIIUX KPOMOK, HEOOXOMUMOCTh
MIPUMEHCHHUS JTOPOTOCTOAIIMX CIICIUATBHBIX 3Y00(pE3epPHBIX CTAHKOB C BBHICOKOM JKECTKOCTHIO M MOIIHBIM ITPHUBOIOM.
Kak ciencreue, 3TOT METOA YUCTOBOM OOPaOOTKH MPUMEHSIOT IS MOMYyYSHHs 3yOUaThIX KOJEC W3 HEMETaUTHYeCKHX
MaTEPHAaJIOB U I[BETHBIX METAJIIOB.

3yoonuindoBaHue SABIACTCS CaMbIM PACIHPOCTPAHCHHBIM Ha JaHHBIH MOMEHT METOJAOM YHCTOBOH 00pabOTKH.
Jist g oBaHMs IIOBEPXHOCTH 3yObEB 3y0UaTOro Kojeca UCIOIb3YI0T a0pa3uBHBIE WIIM METALTHYECKUE KPYTH C OIHO-
WIA MHOTOCJIOWHBIM TMOKPBITHEM HHUTpHIa Oopa. MeTtomamMu ULIHM(OBAHHUS TOBEPXHOCTH 3yObEB SIBIISIOTCS:
HETpEepPhIBHOE OOKAaTHOE NUTH(OBaHUE YCPBIYHBIM IUTH(OBAIBLHBIM KpyroM (puc. 3) M IpephIBUCTOC NMPOQUIBHOE
Ui OoBaHUE TBYXCTOPOHHUM KOHHYECKUM KPYTOM.

Puc. 3. HenpepbiBHOE 00KaTHOE 1UTH(OBAHKE YEPBAYHBIM HUTH(OBATIBHBIM KPYTOM



Ilpu HenpepbiBHOM 3yOonUIM(OBAaHMM B MOMEHT BXOAa WM BBIXOAAa 3yObeB M3 3aleIUIeHHs] MOTYT
00pa30BHIBAThCS MOTPEITHOCTH PO 3yda MO MPUYMHE TOTO, YTO YHCIIO 3yObEB, HAXOISIIMXCS B 3alCIUICHUH C
JICBOW W TpaBoW OOKOBOI CTOPOHBI, pa3Hoe. Takas MOrPENIHOCTh MOXKET PACTH C YBEIHUYCHUEM YINIa MOAbEMa BUTKA
YEepBIYHOTrO0 INUIM(OBAIFHOIO Kpyra, 4TO THPENATCTBYeT IPUMEHEHHI0 MHOI03aXONHBIX HHCTPyMEeHTOB. OmHako
HeTpepbIBHOE NUTH(OBAHUE B OTJIMYKME OT MPEPHIBUCTOrO MPOMUIEHOrO MPAaKTHYECKH UCKITIOYAET MOTPEITHOCTH I1ara u
obecrieyrBaeT HanOONBIIYIO IPOU3BOAUTEILHOCTE 00paboTKy [4, 5].

[Tpu 3ydonutndoBaHUM OTBETCTBEHHBIX 3y04aThIX KOJIEC 0CO00 BayKHO HE JOIMYCTUTH MOSBICHHS IUTH(OBOUYHBIX
MIPMXKOTOB M TPEIIUH Ha 00pabarsiBaeMol MOBEPXHOCTH. J[J1s mpenoTBpamieHust oM00HbIX Ne(EeKTOB PEKOMEHIYETCs
BBINONHSATH TPEIIECTBYIOMINE NUIN(GOBAHUIO 3YObEB TEXHOJOTMUECKHE ONEpalii MEXaHHYECKOH M TepMHYeCKOH
00pabOoTKU C HEOOXOMUMOM TOYHOCTBIO.

B  nmaHHBIE MOMEHT BemyTcs pa3paOOTKM HWHCTPYMEHTOB TIONYYEHHBIX  Pa3IM4YHBIMU  CIOCOOaMU
¢dopmooOpazoBanus [3, 6, 7], CIOCOOHBIX HOBBICHTH IPOIYKTUBHOCTH (DMHUIIHONW OOpaOOTKHM 3yO4aThIX KONEC HIIH
NPeNOTBPaTUTh NOsiBIIeHUs AedekToB. Tak, Hampumep, ycTpaHEHHE MOTPEITHOCTH MPOoHIs 3yda MpH HENpephIBHOM
00KaTHOM 3yOOILTH()OBAaHUU TTO3BOJIUT HCIIONB30BATH MHOT03aXOIHBIE YepBIUHbIE NUTU(OBAIbHBIE KPYTH, YTO CHU3HUT
TEMIIEpaTypy B 30HEe KOHTaKTa HHCTPYMEHTA C 3aIrOTOBKOH.

PesynbraThl ucciaenoBanuii. CpaBHEHHE METONOB YHCTOBOM 0OpaOOTKM TO3BONMIIO BBIIENUTH HambOosee
MIPOAYKTHBHBIN METOJ, IIUPOKO MPUMEHSEMBI B HAIIW JHHU, — METOJ HEMPEPhIBHOIO 3yOOnUIM(OBaHUs. YCTpaHEeHHE
HEJIOCTaTKOB METO/la HENpPEPHIBHOTO 3yOonuin(oBaHHs IIO3BOJUT MOIYYUTH OOJIBLIYI0 TOYHOCTH OOpabOTKH C
COXpaHEHUEM WJIN TIOBBIIIEHUEM MPOU3BOIUTENLHOCTH.

BruiBoabl. CymiecTByer 00JbI10€ KOTHYECTBO METOJIOB YUCTOBOH 00pabOTKU 3yObeB IMIIMHAPUIECKUX 3y04aThIX
konec. Hekoropeie M3 HUX OBUIM HaBCEIZa BHITECHEHBI U3 MPOU3BOACTBA Ooiee HOBBIMH M COBEpILIEHHBIMH. Hecmorps
Ha JOCTW)KEHHS B Pa3BUTHH METOJOB M MHCTPYMEHTOB (DMHHIIHOW 0OpabOTKH 3yObeB 3yOUaThIX KOJIEC, PE3YJIBTaThl
00paboTKM BCE e UMEIOT CBOM HEIOCTaTKU MPU NPUMEHEHHH JIF000ro M3 HHUX. TakUMM HEOCTaTKaMH Yallle BCETo
CTaHOBATCS: IOTPEIIHOCTh MPOQMIS TOTy4aeMoro Iocie oOpaboTku 3yda 3y04aToro komeca, OBICTPBHIA H3HOC
00pabaThIBaIOIEr0 HHCTPYMEHTA, BBHICOKAs CTOMMOCTh WHCTPYMEHTA, HEBBICOKAsi CKOPOCTh 00paborku. [IpoBenenHoe
HCCIIEI0OBAaHUE METOJIOB MTO3BOJIMIIO BBIJIEIMTh METO HEMPEPHIBHOTO 3y0OoUUTU(OBaHUS KaK HanOosee MpaKTHYHbINA 1S
(uHUIITHOIN 00paOOoTKK 3yObeB IMIMHIAPHUYECKUX 3yOUaThIX KOJEC B CHITY BBICOKOM MPOWU3BOAMUTEIBHOCTH M TOYHOCTH
00paborku. CyliecTBEHHBIM HEIOCTATKOM 3TOTO0 METONA SIBIISIETCSl YXYALICHHE TOYHOCTH 0OpabOTKHU MpH YBEITHYEHUU
yIvia MoJbeMa JIMHUM BHUTKAa YEpBSYHOro HUIHQoBambHOro Kpyra. Takum o0pa3oM CTaHOBUTCS Ba)KHBIM BOIPOC
YMEHBIIEHUs] TOTPEeHIHOCTH Tpodmis 3yda UMIMHAPHYECKOTrOo 3y04aTroro Kojieca MNpPU HENPEepPbIBHOM OOKAaTHOM
nUIH(OBaHUE YSPBIIHBIM HLUTH(HOBATHHBIM KPYTOM.
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Y emammi posensioaromucs icnyioui memoou uucmogoi obpobku 3y0i6 YyuninOpuuHuX 3y0uacmux Kouic: 3y00uieineyeants, Xonoona
obrkamka,  3yb6oxomnincysanms,  6Gesnepepsne  obkammne  3ybownighysanns, — nepepuguacme  npoginene  3yoouiniysanns,
3y00pesepysants meepoOCnIasHUMU Yeps sunumu gpezamu. Memoou yucmogoi 0bpobru 3y0i6 yuniHOpuuHux 3y64acmux Kouic
NOPIBHIOIOMbCSL 30 HUSKOIO KPUMEPIia: iCHYI04l HeOONIKUY, BAHCUBAHICIb, MOYHICb | NPOOYKMUGHICMY. Y 00cniodicenHi 8usasneHo, uwo
Memoo Oe3nepepenozo 06KamHo2o 3y0ouiniyyeants 60100i€ KpAWUMU NOKAZHUKAMU NPOOYKMUBHOCMI | XOPOWIOIO MOYHICHIO, ale
npu 1020 BUKOPUCTAHNT GUHUKAE CHOMBOPEHHs nPodinio 3yba 3y6uacmozo koneca.

Kniouogi cnosa: ¢iniwina obpobka, 3ybuacme xoneco, 3ybowesineysanns, 3y060xouincysanns, 3yoogpesepysanns, 3yoounigyysanns,
XON00HA 0OKAMKA.

The article deals with existing methods of gears finishing of cylindrical gears: teeth shaving, cold running-in, teeth honing,
continuous flow forming teeth grinding, discontinuous profile teeth grinding, teeth cutting by hardmetal hob. Methods of gears
finishing of cylindrical gears are compared by several criteria: existing weaknesses, applicability, accurateness and productiveness.
The research is identified that method of discontinuous profile teeth grinding has best indicators of productivity and good accuracy,
but its applying leads to gears profile distortion.

Keywords: finishing, gears, teeth shaving, teeth honing, teeth cutting, teeth grinding, cold running-in.
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Voronov A.E.

Increase of gearwheels finishing machining productivity

The article investigates existing methods of cylinder gearwheels teeth finishing machining: teeth shaving,
cold knurling, teeth honing, continuous knurling teeth grinding, discontinuous profile teeth grinding, teeth
milling with hard- alloyed cutters. Methods of cylinder gears finishing machining are compared by a number
of criteria: existing drawbacks, applicability, precision, and productivity. The investigation has revealed that
methods of continuous knurling teeth grinding shows better productivity indices precision however distortion
of treated gearwheel teeth profile is brought about when it is used.

Keywords: finishing, gear, teeth shaving, teeth honing, teeth milling, teeth grinding, cold knurling.

Actuality. When produced by method of knurling or copying, profile of obtained teeth has insufficient precision
and surface roughness preventing the item to be immediately installed into a mechanism. Besides, to increase the
durability of the gearwheel being produced it should undergone chemical and thermal treatment which distorts the
original profile even more. To achieve required precision, roughness, and durability, finishing machining of teeth
surface is used alongside with chemical and thermal operation. Perfection of teeth surface finishing machining may be
used in different branches of machine-building and instrument-making.

Problem statement. Qualitative finishing machining requires perfection of its methods, increase of effectiveness
of instrument used, and rise of machining precision.

Analysis of publications. Gokhman Kh. 1., Vitrenko V.A., Gribanov V.M., Novikov F.V., Litvin F.L., Rodin
P.R., and others investigated the problems of technological processes of teeth machining and handled the problems of
quality increase and machining productivity in particular. However, the problem of rationality of a particular existing
method of cylindrical gearwheels finishing machining application has no any single decision yet.

Aim of the article. A demand for qualitative finishing machining requires a perfection of its methods; increase
of the used instruments effectiveness and machining precision. The aim of the given article is to analyse existing
methods of cylindrical gearwheels finishing machining, detect their “weak” and “strong” sides, determine parameters
and indices which are to be perfected in order to increase the productivity.

Presentation of the essential material. The methods frequently used in cylindrical gearwheels finishing
machining in industry are as follows [1, 2]:

teeth shaving;

cold knurling;

teeth honing;

continuous knurling teeth grinding;

teeth milling with hard-alloyed hobs.

Among all the diversity of teeth finishing machining, teeth grinding is the most commonly used operation in
teeth machining of hardened gearwheels.

Till 1990s shaving has been widely used for finishing gearwheel machining for many decades. Disc shaver
(Fig.1), shaver-rake, and hob shaver were used as instruments for shaving. Profile of shaver tooth has a great number of
shallow canals. Each canal bulge forms a cutting edge which cuts off a very fine chips in shaver operation.

Fig.1. Disc shaver
a — disc shaver; b — shaver tooth

Shaving has a high precision of machining which reaches the 5™ degree and a low roughness of treated tooth
R,=1,25...0,63 mcm. Such precision is explained by the fact that the machining is performed under free kinematic link
of screw gear — a gear and a disc shaver placed on the crossed axis and rotating in the gapless engagement.

Teeth cold knurling is often used instead of teeth shaving. In the process of knurling, machining of gearwheel
side surfaces is performed by means of plastic deformation of metal in a cold state without cutting off chips [3]. In
knurling process a point-like contact has place between a treated gearwheel and a knurl, which is the reason of



intensive knurl wear. As the result of knurl wear the loss of item precision takes place. Research undertaken in this
sphere revealed the possibility of using new schemes of knurls formation giving much better results compared to those
applied in industrial production.

Common methods have lost their popularity due to their major drawback — they may be used only when
machining unhardened teeth. The subsequent use of chemical and thermal treatment (ChThT) decreases the obtained
precision by 1-2 degrees. These methods were ousted out of production because it is impossible to produce finishing
machining after ChThT.

At present teeth honing and teeth grinding are used for hardened cylindrical gearwheels finishing machining.
Teeth honing machining speed is 5 to 10 times lower than that of teeth grinding. Such machining results in increased
mechanical stress when teeth honing is used and increased thermal stress when teeth grinding is used. The method of
teeth honing has not become widely spread because of its low machining speed and low productivity.

The method of teeth milling with hard-alloyed hobs has got a specific place in gearwheels finishing machining

(Fig. 2).

Fig. 2. Hard-alloyed hob

Hard-alloyed hob is more frequently a single-thread hob having a definite original contour of a gear rack.
Longitudinal chips flutes placed along the axis form teeth having cutting edge necessary for cutting operations.

Cutting edges chipping, necessity to apply expensive special gear-cutting machine-tools of high stiffness
equipped with powerful drive are considered drawbacks of hard-alloyed hobs. As a result this method of finishing
machining is used to obtain gearwheels made of non-metal materials and nonferrous metals.

At present teeth grinding is the most widely spread method of finishing machining. One- or multilayer boron
nitride coated abrasive and metal wheels are used to grind the surface of a gearwheel teeth. Methods of teeth surface
grinding are: continuous knurling grinding with hob grinding wheel (Fig. 3) and discontinuous profile grinding with
cone grinding wheel.

Fig. 3. Continuous knurling grinding with hob grinding wheel

When using continuous teeth grinding, tooth profile error may arise at the moment of teeth input or output out of
the engagement due to the fact that a number of teeth involved in engagement on the left or right side differs. Such error
may grow with the increase of angle of worm grinding wheel spiral turn which prevents the use of multi-pass
instruments. However, continuous grinding in contrast to discontinuous profile grinding practically excludes errors of
pitch and provides the greatest productivity of machining. [4, 5].

When grinding critical gearwheels the most important problem is to avoid an appearance of grinding burn marks
and cracks on the surface being machined. To avoid such defects it is recommended to perform technological operations
of mechanical and thermal treatment prior to teeth grinding with all necessary precision.

At present the instruments are being developed which are obtained using different methods of shape formation
[3, 6, 7]. These methods may increase productivity of gearwheel finishing machining and prevent the appearance of
defects. Thus, for instance, elimination of tooth profile error in continuous knurling teeth grinding will allow to use
multi-pass worm grinding wheels which leads to temperature decrease in the zone of instrument and work-piece
contact.



Investigations results. Comparison of finishing machining methods has allowed to single out the most
productive method which is widely used nowadays. This is the continuous teeth grinding method. Elimination of
drawbacks of the teeth continuous grinding method will allow to get higher precision of machining while saving or
even increasing the productivity.

Conclusions. There are a great number of methods of cylindrical gears teeth finishing machining. Some of
them have been ousted out of production process by newer and more perfect ones for ever. In spite of achievements in
development of methods and instruments of finishing machining of gearwheels teeth the results of the machining have
their own drawbacks when used. The following drawbacks are the most frequent ones: error of profile obtained after
gearwheel tooth machining; quick wear of machining instrument; high price of the instrument; low speed of machining.
Conducted investigation of existing methods has made it possible to single out the method of continuous teeth grinding
as one of the most practical method for cylindrical gearwheels finishing machining due to its high productivity and
precision of machining. Considerable drawback of this method is deterioration of machining precision at increase of
the angle of worm grinding wheel spiral turn. Thus, the problem of error decrease of cylindrical gearwheel teeth profile
at continuous knurling grinding with worm grinding wheel becomes very important.
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