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IMocTanoBka npodJemu

[lectepHi HENOCTIMHOTO 3a4YENJICHHS IMPOKO BUKOPHCTOBYIOTHCSA B aBTOMOOIIBHUX Ta TPAKTOPHHUX
KopoOKax Tepemad, po3daBaIbHHX KOpOOKax, KopoOkax BimOOpy IMOTYXKHOCTI. BMmukawHS mepemadi mpu
TAKOMY 3a4eIUICHHI 3IHCHIOETHCS OCHOBUM MEPEMIIICHHSIM MISCTEPHI O 1HIIOI MIECTePHI, sika PO3MillleHa
Ha mapajenbHoMy Bai. {71 moKpalieHHs BBEICHHS B 3a4elJIeHHs 3yOls OHi€T IECTEePHI y BIAAUHY 1HIIOI,
Ha 3y0Isax 000X BHKOHYETHCS TOPIIEBE 3y003a0KpyriieHHs. He3Bakarouwm Ha Te 1m0, TaKy 0OpoOKy MOKHA
BUKOHATH Ha Bepctarax 3 UI1Y, BUpOOHHKH IIeCTepeHb MPALIOIOTh HAJl YJOCKOHAICHHSIM Ta BUPOOHUIITBOM
HECKJIQJIHUX BEPCTaTiB AJIs BUKOHAHHS 3a0KPYTJIEHHS TOPLEBOI MOBEPXHi 3yOLiB Ta 3HATTS (pacok 3 KpOMOK
3yOuiB. 3 METOIO MiABUILEHHS MIPOLYKTUBHOCTI BAPOOHHULITBA MIECTEPEHB IPOIIOHYETHCSI BUKOPUCTOBYBATH B
SKOCTI YOPHOBOi OOpPOOKHM IIeCTepeHb Trapsde HaKaTyBaHHS EBOJBBEHTHOTO MPOQITI0 3 OJHOYACHUM
320KPYTJICHHSAM TOPIIEBOI MOBepxHi 3yOIiB. [licis 40ro mpoBOAMTHCS TLNBKH YHUCTOBA 00poOKa mpodiiis
3yOIliB, 3aJIMIIIAFOYN 320KPYTIIeHa TOPIEBOI MOBEPXHI B CTaHI MICHA MPOKAaTyBaHHSI. AGO TeX MPOBOAMTHCS
TITBKH YUCTOBA 00pOOKa TOPIIEBOI TOBEPXHI 3yOIIiB.

AHaJTi3 OCTAHHIX JOCTiTKeHb i myOaikamii

MexaniuHi KopoOkM mepead MPOAOBXKYIOTh IIMPOKO BUKOPHCTOBYBAaTHCS B aBTOMOOIIAX Ta
MeTanoo0poOHuX BepcraTax. HeoOXinHUMH eIeMEeHTOM LIeCTepeHb, IO MEPEKII0YAIOTHCS MEePEMILICHHIM
B3JIOBK BaJIB /I 3UCIUICHHS 3 IHIIMMH IIECTCPHSAMHU € 3a0KPYIJICHHS IMOBEPXHI TOpPIB 3yOIiB. Taky
00poOKy MOXHa BHKOHaTH Ha Bepctatax 3 UIIY, ame BHPOOHHMKM IIeCTepeHb NPAUIOIOTh HAaX
YIOCKOHAJICHHAM Ta BHUPOOHMITBOM HECKJIAIHUX BEPCTATiB AJSl BUKOHAHHS 3a0KPYIJIEHHS TOPLEBOI
TTOBEPXHi 3yOIiB Ta 3HATTSA (acok 3 KpoMmok 3yOriB [1]. OqHUM 3 MPOAYKTHBHHUX CIOCOOIB BHPOOHHIITBA
HIecTepeHb € (pOpMyBaHHs 3yO4yaTUX MPOQUIIB TapsSsuuM HaKAaTyBaHHSIM 3 3a0KPYIJICHHSM TOPIIB 3yOIIiB
onucanuii B pobori [2].

B pobGoTi [2] Bmepmie Oyna 3amporoHOBaHA METOAWKA MOOYIOBH Mpodiaio 3y003a0KpyTI00Uo0l
3amaIvHu 3 BUKOPHUCTAHHSAM KiHEMaTHYHOI Teopii OOBIIHUX CiMeliCcTBa MOBEpXOHb. MeTOMKa BH3HAYCHHS
TCOMETPUYHUX MapaMeTpiB CKIaHa Ta A€ MOIJIUBICTH TIBKH MPHOJIM3HO BU3HAYUTH QOpMY Ta po3Mipu
3y003a0KpYTIIIOIYOTO MPOdiIt0 HAaKATHHUKA.

MogaemoBannst gopMu i po3mipiB HaKaTHHKA.

Jnst mpoeKTyBaHHs 3y003aKpyrisiiouoro mophinro Oynu BHOpaHi mapaMeTpH i 3y04acToro BiHIA
miecTepHi (4ucio 3yOIiB z,;, =37 Ta MoxylleM m=3,5 MM) Uil HaKaTHUKa OyJI0 BUOpaHe Yncio 3yOmiB z,=33.
Pesynpratu po3paxyHKy AaHOTO 3a4€IUIEHHS IPEICTaBIeH] B Tab. 1
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Tabmums 1 — Po3paxyHKOBI AaHi 34eTUIEHHS] HAKATHUKA Ta IIECTePHI
Table 1 — Calculation data of knurl and gear coupling

Uucno 3y6buiB | Ywmcno 3yOuis Monyns MixueHTpoBa Hiametp Hiametp
HaKaTHUKA Z, 3y04acToro HaKaTHUKA Ta BiJCTaHb, IUTHIIBHOL IITAITBHOL
BiHIIS LIeCTepHi, A (Mm) OKPY>KHOCTI OKPYKHOCTI1
mecTepHi Z,, m (MM) HaKaTHUKA, doy | mrectepHi, dopy
(M) (Mm)
37 33 3,5 122,5 129,5 115,5

3a maHuMH po3paxyHKiB B mporpami AutoCad Oynm 3MozenboBaHi YacTHHA 3y04YacTOro BiHIIL
IIecTepHi KOpOOKH Iepead Ta ysBHA 3arOTOBKa 3y003a0KpyTIIOI0YOr0 HAKaTHUKA, IO Mae GpopMy AWMCKY

(puc. 1).
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%

Pucynox 1- Mozens cTBOpeHHS 3y04acToro 3a4eIuieHHs 3y003a0KpyTIIIOI0YNX BIIaJHH HAKaTHUKA Ta
(parMeHTy 3y0UYacTOro BIHII IIECTEPHI KOPOOKHU mepeaad aBToMoOis: 1 — 3d-mMojens 3y0uacToro BiHIIs;
2 — 3d-mozenb 00pobaroBaHoi 3aroToBKH; 3 — 3d-MoAEIbs YTBOPEHOI 3y003a0KpYIIII0I0401 BIAANHY;

4, 5 — opieHTyBaJIbHI MITKH 3y09YacTOro BiHIIS Ta 3aTOTOBKH BiAMIOBIIHO
Figurel— The model of the creation of the gear engagement of the tooth-rounding depressions of the knurled

gear and the fragment of the toothed crown of the gear box of the car: 1 — 3d model of the toothed crown;
2 —3d model of the processed workpiece; 3 — 3d model of the formed tooth-rounding cavity;

s ¢dopmyBaHHA 3y003a0KpYIUIIOIOHOI BHAIMHM y BKa3aHid HporpaMi HpoBOAMIIACH iMiTawis
oOKkaTyBaHHS 3yO4acTUM BIHIEM AWCKOMOIOHOI 3arOTOBKM HaKaTHHWKA. 3y003aoKpyTieHi Topii 3yOriB
dopMyBasii  3y003a0KPYIIIIOIOYI  BIAJUHM HaKaTHHKA. ToplieBa MOBEpXHs 3yOIliB 3y04acToro BiHILL
(dopMyBasiach INUISIXOM OOEPTaHHS HABKOJIO CBOEI OCi ©BOJIBBEHTHOI KpPWBOI, sKa € TBIpHOK OOKOBOI

MTOBEPXHi 3yOI1iB (pHC. 2).

EBonppenTHA KpHBa

4, 5 — orientation marks of the toothed crown and workpiece, respectively

Pucynok 2 — MoaentoBaHHS TOpLIEBOT TOBEPXHI 3yO1Is
Figure 2 — Modeling the end surface of the tooth

147




Jlns dopMmyBaHHS Oe3mocepenHbO 3y003a0KPYTIIOIYNX BIIAIUH HaKaTHHKA HeoOXimHo Oyino Ha
MEBHI KYTH BipTyaJbHO MPOBEPTATH, Y BKA3aHOMY CTPIIKAMHU HANpPSMKY, 3yO4acTHii BiHEIb Ta 3arOTOBKY.
[Ticns mpoBopoTy HeoOxigHO Oyno B mporpami AutoCad, BUKOpUCTOBYIOUM KOMaHIy «BigHiMaHHS» — Bif
3d-momeni mucky BimHATH 3d-Momens 3y0dacTtoro BiHIM. B pe3ynprari maHOi dii YTBOPIOETHCS BiIOHUTOK
3yOnsa. OfHak B JaHOMY BHUIQAKY MOJENb 3y04YacToro BIiHIM 3HHMKae. J[is Toro, 1mo0 Ii¢ YHUKHYTH
HeoOXigHO Oyyo TmomepeiHbO 3pOoOMTH Komito Mojeni BiHIM. [IoTiM MpOBOIUTHCS HACTYHNHHUN MPOBOPOT
Mozenei Bix Toukn «0» 10 Touku «1» (TOTIM Bim TOYKH «2» 10 «3» 1 Tak Jami) y HampsMKy, BKa3aHOMY
ctpinkoro. Ilicis goro, omepartist BigHIMaHHS 3 KOIMMIIOBAHHSM TIOBTOPIOETELCS, TOTIOKH HE YTBOPHUTHCS TTOBHA
3d-Mozens 3y003a0KpyIIII0I0YOT0 HAKaTHUKA.

JInst paBUIIBHOTO BiNTBOpPEHHS 3aderuieHHs HeoOximHo, mo0 3d-mMoxmeni mpoBepTainch Ha pi3Hi
KYTH, OCKUIbKH 3yOuacTuii BiHemb Mae 37 3yOmiB, a HakatHHK 33 3yOmsa. Tomy moBiTbHO BHOpaHi
OKpyxHOCTI 3d-Monerneit (nuB. puc.l) Oy moAiieH! Ha KUIBKICTh YaCTHUH, KPaTHY KIIBKOCTI 3yOI1iB KOXKHOI.
B namoMy Bumazaky aj1st 3y04acToro BiHIS OKPY>KHICTh Oyia nozinena 148-ma Toukamu, a HakaTHUKa — 132-
Ma (BignoBimHo — 37 X 4 = 148, 33 X 4 = 132,). Benuka KimbpKicTh TOUOK Oyjia BuOpaHa aiisi TOTO, 100
YTBOpEHA IMOBEPXHS OyJia OUTBIN IIaBHOIO. J[JIT 3pydHOCTI YMOBHOTO NPOBEPTaHHS Ha 3d-momensx Oymu
3p00JICHI MITKH.

B pesynprari 3d-monemoBanHs B mporpami AutoCad Oyno Bi3yamizoBaHO 3y003a0KPYTIIOHOUHUI
HaKaTHHK Ta 3y0JacTHi BiHEIb JeTalli, IO 3HAXOATHCS MK cOO0F0 B 3aderuieHHi (puc. 3).

Pucynoxk 3 — BigyanizoBaHe 300pakeHHs 3d-Moneni 3y003a0KpyTII0I040ro HaKaTHUKA Ta 3y04acToro BiHLS
Figure 3 — A rendered image of a 3d model of a tooth-rounding knurling tool and gear ring

Janwii BipTyansHuil mporiec 0OKaTyBaHHA ITOKa3aB, 10 Y BHYTPIMIHIN YacTHHI 3y003a0KPYTIIIOKYO0T
BIAJIMHU YTBOPIOETHCS TEBHUM MePeKT y BHUTIAAI MiAMHUHAHHS TOBEpXHI OOKaTyBaHHS (MPH Hapi3zaHHI
3yOlLiB 1€ SBUIIE HA3UBAETHCS Miapi3yBaHHs) (puc. 4). Lle MOsSCHIOETECS THM, 110 MOZETIOBaHHS JaHux 3d-
00’ €KTIB 31ICHIOBAJIOCH B yMOBax 0€33a30pHOTO 3a4YeIICHHS.

| 3enu niomunanns
~—a—e——B—a._ .

Pucynok 4 — [ledextu 3y003a0KpyTAIOI0UMX BOAIUH MIPH iX (OPMYBaHHI 0OKaTyBaHHIM
(BUIUTEHI KpYKEIKAMH)
Figure 4 — Defects of tooth-rounding depressions when they are formed by rolling
(marked with circles)
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Jlns mepeBipku mporiecy GhopMyBaHHS 3y003a0KPYTITIOI0Y0] BITAIWHNA TOPIIEBOIO TTOBEPXHEIO 3YOIliB
3yOuacroro BiHI Oynu HaapykoBani Ha 3d-npuHTepi 3 ABS-mmactuky ¢parmeHTH 3y003a0Kpyriror4doi
BITQJIMHM Ta TOPIIEBOI OBEPXHi 3yOus (puc. 5).

a) 0)

Pucynox 5 — 300paxeHHs HapyKoBaHUX Ha 3d-TIpUHTEPI 3 IIACTUKY (PparMeHTH 3y003a0KPYTITIOI0YO]
BIIAIMHU Ta TOPIIEBOI OBEPXHi 3yOIIsl: a — AeTalli PO3MIIIECHI OKpeMo; O — IeTaji 3HaXOIAThCS B 3aUCIICHH1
Figure 5 — Image of the fragments of the tooth-rounding cavity and end surface of the tooth printed on a 3d-

printer from plastic: a — details are placed separately; b — the parts are engaged

Hani ¢parmentn Oynu 3akpiruieHi Ha Auckax, MibkueHtpoMmipy mozaemi KIIJ-300, cxema sikoro
Ipe/ICTaBjIeHa Ha pHuC. 6.

Pucynok 6 — Cxema npuiajy Ajsl BU3HAUCHHS KOJMBAHHS BUMIPIOBATIBHOT MIXkKIIEHTPOBOT BiICTAHI:
1, 2 — obepraroui AUCKH; 3 — IHANKATOP; 4 — IUIACTHKOBA MOJIENH 3yOIIs; 5 — MITaCTUKOBA MOJIEITH
3y003a0KpYTITIOI0Y01 BIIAMHA
Figure 6 — Scheme of the device for determining the fluctuation of the measuring intercenter distance:
1, 2 — rotating discs; 3 — indicator; 4 — plastic model of a tooth; 5 — plastic model of the tooth-rounding cavity

[Mpuctpiit O6yB BUKOpHCTAaHUI IJisl IEpeBipKH 00KaTyBaHHS 3y003a0KpYIICHHOTO MPOQiIto TOPLEBOT
MOBepxHi 3y0a Ta mpo(iaro 3a0KPYTIIOI0YNX 3alaiHA HAKaTHUKA. BurotoBnenHs moxeneit nmpodins 3yda
Ta HaKaTHHUKA ITiITBEPAIIA MOXIIHBICTE (hOpMyBaHHS 3y003a0KPYTIICHHOTO MPodiisi HaKaTHUKA B Iporpami
AutoCad.

BuroroBJ/ieHHsI HAKATHUKA [JIS1 320KPYIJIEHHS TOPLEBUX IOBEPXOHb 3y0OLiB.

Ha migcraBi oTpHMaHMX MaHWX Ta MOOYJAOBAHOTO (pParMeHTy 3y003a0KpYTIIIOI0YOi BITATWHU Ta
TOPIIEBOI TOBEPXHI 3yOIls OYJM NMPOBEACHI PO3PAXYHKH HAKAaTHUKA JJIS 3a0KPYTJICHHS TOPIEBOI MOBEPXHI
3yOIiB i3 cHHXpOHI3yrounM BiHieM [3]. JlaHa cxema HakaTyBaHHs 3a0e3leyye CHHXPOHHE OOEpTaHHS
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IIECTEPHI Ta HAaKaTHUKA IiJ 4ac HaKaTyBaHHSA. BUTOTOBICHHS 3y003aOKPYyTIOIOYUX BIAIWH HaKaTHUKA
poBOAMIIOCS (haCOHHOIO MAJBICBOIO (Ppe30to (3a po3MipaMu OJIU3LKOIO 10 pO3MipiB 3yO1rst) (puc. 7).

Pucynok 7 — ®aconna nansiesa ¢pesa
Figure 7 — Shaped finger mill

[Tix gac oOpoOku ¢pe3a orpumyBania obepranbHUil pyx. Pyx oOkaTyBaHHS Ta OCbOBOI mHomadyi
HaJaBaBCs 3aroToBIli HakaTHHKa (puc. 8). Pyx oOkaryBaHHS cKiiafgaBcsi 3 0OEpTOBOrO Ta TMOCTYIMAIHHOTO
PYXy HakaTHHKa MapajieibHo Horo oci. B pe3ynbraTi ux JBOX pyxiB Aoctaranocs oOKaTyBaHHS HaKaTHUKA

BIIHOCHO (ppe3H.
I

Pucynok 8 — Pyx HakaTHHKa Ta MaNbIeBOi (pe3u i 4ac BUTOTOBICHHS 3y003a0KPYTIIOKOUOT BIIAAUHH
Figure 8 — The movement of the knurling tool and the finger cutter during the production
of the tooth-rounding cavity

Bracninok peanizarii nporecy 3yoodpe3epyBaHHs OyJid BUTOTOBIIEHI (hacoHHI 3y003a0KpyTIIOI0Yi
BrnaauHu (puc. 9) 3ybozaokpyrmorodoro HaxkatHuka (puc. 10). [ns sxicHoro ¢opMyBaHHS TOPLEBHX
MTOBEPXOHB 3yOIliB 3y0UacTHX KOJNiC TaHUH IHCTPYMEHT Ma€ CHHXPOHI3yIOUHi BiHEIb Ta 3y003a0KPYTIIIO0Ui
BrnaauHu. CHHXPOHI3YIOUM BiHElb 3a0e3leuye CHHXPOHHE OOCpTaHHs HaKaTHUKA BIIHOCHO 3yOIiB
LIECTEPHi, 10 320Ky PIIOIOTHCA.

Pucynok 9 — [ToBepxHs 3y003a0KpyTIIOI0UMX BIaIUH HAaKaTHUKA
Figure 9 — The surface of the tooth-rounding depressions of the knurling tool
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Pucynox 10 — 3y603a0kpyTiiorounii HaKaTHHUK: 1 — BiApi3HUI HiXK; 2 — 3y003a0KpyTIIIOI0Ua BIIAINHA;
3 — CHHXPOHI3YIOUHI BiHELb
Figure 10 — Tooth-rounding knurling tool:1 — cutting knife; 2 — tooth-rounding
depression; 3 — synchronizing crown

Po3paxyHOK reoMeTpUYHHX MMapaMeTpiB CHHXPOHI3YIOUOTo BiHIA HakaTHHUKA (Tabu. 1) 3aificHIOBaBCS
10 aHAJOTI{ i3 PO3paxyHKOM 3BUYAWHOTO 3y04acToro Koieca, Mpu MboMy Oyiia MpHHHATA KiJIBKICTh 3yOIliB
zy; =33, 110 MOSACHIOETHCS KOHCTPYKTUBHUMHE PO3MipaMu MPUCTPOIO [UIS HAKATyBaHHS.

3riiHO 3ampONOHOBaHIi cxemi [2] TPOBOAMIOCH 3a0KPYTJIEHHS TOPLEBUX IOBEPXOHb 3YyOIliB
mectepenb (z =37, m=3,5 Mm).

BunpoOyBanas 3y003aKkpyTiiOI090r0 HaKaTHHWKA IPOBOMWIIOCS Ha ToKapHOMY Bepcrati 16K20.
CxeMa npucTOoCyBaHHs 1oKka3aHa Ha puc.l1. CHHXpOHI3yIo4a HIecTepHs 3aKpiluisuiacs B TaTPOHI TOKAPHOTO
BepcTaTa Ta MiHKUMasacsi 00EpTOBHUM LEHTPOM. 3y003a0KpYTIOIOUMI HAKATHUK 3aKpIiIUIABCS Ha CYMOPTI
TOKapHOTo BepcTata. HakaTyBaHHS MPOBOAMIOCS 3 OCHOBOIO T palialIbHOIO MOAAYEIO.

)
Q)

RS I

Pucynok 11— Cxema npucTocyBaHHS JJIsl BUITPOOYBaHHS HAKATHUKA JUIS 320KPYTIICHHS
TOPIIIB 3yOIiB HAa OPOH30BUX 3pa3Kax: | — CHHXpOHI3yIo4a IeCTepHs; 2 — OPOH30Ba 3ar0TOBKA
3 — neHTp 3a7Hb0T 6a0ku; 4 — 3y003a0KPYTITIOI0YHI HAKATHUK
Figure 11 — Scheme of the device for testing the knurling tool for rounding the ends
of the teeth on bronze samples: 1 — synchronizing gear; 2 — bronze workpiece
3 — center of the rear headstock; 4 — tooth-rounding knurling tool

HakatyBanHs TOpIieBOi MOBEpXHI MPOBOAMIIOCS Ha OPOH30BHX 3pa3kax 0e3 HarpiBaHHS IIECTEPHI.
[Ipu B3aeMHOMYy OOKaTyBaHHI HakaTHMKA Ta MOBEPXHi TOPLIB 3yOLiB Oyin OTpUMaHi 3y003a0KpyTIIOI0Yi
MMOBEpXHi TOpwiB 3yOIiB, 1m0 3a hopmoro BiamosigatoTs BuMoram JICTY [4, 5]. 3oBHIMHINA BUTIIA 3pa3ka
npeacraBieHnii Ha (puc. 12). Tak sk ganwii mporiec 3iAifiCHIOBaBCS Oe3 HarpiBaHHsS 3arOTOBKH, TO B
pO3paxyHKax MDKIICHTPOBOI BiZIcTaHI HE BpaxoByBajach 3MiHA TEOMETPHYHUX IapaMmeTpiB JeTami Ta
IHCTPYMEHTY BHACIIIZIOK TEMIIEPAaTyPHOTO PO3ILIMPEHHS MaTepiaiy.
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Pucynok 12 — Topuesi moBepxHi 3y011iB OpOH30BOTO 3pa3Ka YTBOPEHi pH HaKaTyBaHHI HAKATHHKOM
Figure 12 — The end surfaces of the teeth of the bronze sample were formed by rolling with a roller

Hns mepeBipku (opMyBaHHS TOPIIEBOi IMOBEpXHI 3yOIliB PEXKMMH HAKaTyBaHHS BUOHMPAINCH i3
HaMEHINTUM HABaHTAXEHHSM Ha JCTallb MPH OKPYXHIH MBUAKOCTI HakaTyBaHHSA 0,46 M/C Ta MIBHIKOCTI
pamianbHii nonaui Hakatauka 0,7107 m/c [2]. 3aMipu reOMETPHYHHX MapaMeTpiB, PAKTHUHO OTPHMAHOTO i
TEOPETUYHO PO3PaX0BaHOTO, MPodiiro 3yOuiB Manu po30ikHicTs B Mexax 0,08...0,10 MM BpaxoByrouu, 110
JIOTTYCK Ha BIIXWJICHHS pajiyca 3a0KPYTJICHHs TOPI 3yOIliB 1t Moayis 3,5 MM ckimanas 0,7 MMm. 3MileHHS
LIEHTPa 3a0KPYTJICHHS BiJl TUIOIIMHU CUMETPii 3y0a 3Haxomamioch B Mexax momycky 0,3 mm. Llopcrkicts
c(hopMOBaHOi MOBEPXHI HE NMEPEBHITyBana R, = (0,92 MKM.

OtpuMaHi nmaHi TIATBEpAWMIIN, IO HAKaTyBaHHS 3yOI[iB 3y04YacTHX KOJIC 3ampONOHOBaHHM
IHCTPYMEHTOM JI03BOJIsIE 3a0e3meunt (OpMy TOPIIEBOI MOBEPXHI 3yOIliB, TEOMETPHUYHI MapaMeTpH SKOI
BIJNIOBIIalI0OTh TEXHIYHUM BUMOraM. Ha skicTh QopMmyBaHHS TOpIEBOl MOBEpxHI 3yOI[iB BIUIMBAIO
JNOTPUMAaHHS BIAMOBIHOT MIXIICHTPOBOI BiJICTaHI NpU HaKaTyBaHHi, 30uIbIneHHs skoi go 0,3...0,5 MM
TIPU3BOIUIIO 0 HETO(POPMyBaHHS 3y003a0KpYTIIEHUX TIOBEPXOHb (puc. 13).

HedosaoxpyeneHa SinaHKa MOpUSSOT NOSHXHI

Pucynok 13 — HegozaokpyriieHa ToplieBa HOBEPXHS 3y0a
Figure 13 — Underrounded end surface of the tooth

[Tpu 3MeHIIeHH] MIXIEHTPOBOI BijcTaHi Ha BennuuHy 0,3...0,5 MM BUHHKAJO MiApi3aHHS TOPLEBOT
noBepxHi (puc. 14). TlomepenHi excrepuMeHTanbHI TOCTIKEHHS i3 3a0KPYIJIEHHS TOPIIEBOI IOBEPXHIi
3yOIliB OPOH30BUX 3pa3KiB B XOJOJHOMY CTaHI MOKa3ajJd HEOOXIIHICTh JOTPUMAHHS 3aJaH0T MIKIIEHTPOBOI
BiJcTaHi 3 BiAXwIeHHSAM paniyca 3aokpyraeHas 0,1...0,7 MM (Ipu IOyCTHMOMY +0,7 MM), a BIAXWJICHHS
oci cumerpii 3yba cranoBwio 0,1...0,15 wmm (mpm momyctumomy 0,3 mm). IlopcTkicTs moBepxHIi
nopisuroBana R, =0,86...0,92 Mkm.

Omxe, naHi JOCH/DKEHHS MiATBEPIUIA MOXIIHUBICTh IMPOBEACHHS PO3PaXyHKIB T€OMETPUYHUX
napamMeTpiB 3y003a0KpYIIIIOIOYMX HAKAaTHUKIB 3alpPOIIOHOBAHOI0 METOAUKOIO, SIKi O 3a0e3meunnu sikicHe
(hopmyBaHHS poOOIHNX MTOBEPXOHE 3yOIiB 3y0UaCcTHX KOJIIC.
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Fidpisana dinaHka sybuyq

Pucynox 14 — [linpizana TopiieBa moBepXHsi 3yOris
Figure 14 — The cut end surface of the tooth

BucHoBkmn.

1. MopenroBanHsi mporecy oOkatyBaHHs B mporpami AutoCad [03BONs€e IOCTaTHBO MPOCTO
oTpuMatd TMpodisi B3aEMHO OTMHAIOYHMX IOBEPXOHb Ta BI3yalbHO BU3HAYWTH nedekTn (opMmyBaHHS
3y003a0KpYIJIIOYHX BIIAJMH.

2. 3d-monentoBanuss B mnporpami AutoCad mae MOXIIMBICTH OTPUMATH ILIACTHKOBI 3pPa3Ku
MOBEPXOHB IIUISIXOM JPYKY Ha 3d-npuHTEpi.

3. Tlomepenne oOkaTyBaHHS HaJApyKOBaHMX Ha 3d-mpwHTEpi 3pa3KiB MO3BOJSE CKOPUTYBATH
TreOMETPHYHI PO3MIipH THCTPYMEHTY ISl Hapi3aHHs 3y003a0KPYTIIOI0UNX BIAIUH.

4. BuUkopuCTaHHS CXEMH HaKaTyBaHHs, NpU SKiii HakaTyBaHHS €BOJBBEHTHOrO TNpodigro Ta
3a0KPYTJIEHHS TOPIIEBOI TOBEPXHI 3[IHCHIOETHCS PI3HUMH HaKaTHUKAMU € OLITBIN TOIITEHUM.

5. lle mae MOXITMBICTP IMIIBHUIIUATH CTYTiHH TOYHOCTI HaKaTaHUX 3y0UacTHIX KOJIC, TaK K BUMOTH
110 X €BOJIBBEHTHHX IMOBEPXOHb 3HAYHO BHUIIIE, HIXkK /10 (HOPMH 3a0KpYyTIICHHS TOPIEBOI MOBEPXHi 3yOIIiB.

6. BuroroBieHHs 3y0UacTHX KOJIC ISl aBTOMOOLTHPHUX KOPOOOK Iepeiad Ta BepCTaTiB MONepeaHIM
(JOpHOBMM HaKaTyBaHHSAM) Ja€ MOXJIMBICTh OJTHOYACHO (DOPMYBATH 3a0KPYTJICHHS Ta (PacKu Ha TOPIIEBUX
MOBEPXHSX 3yOIiB, 0 3HAYHO 3MEHIIYE TPYAOMICTKICTH BUPOOHUITBA IIUX JIETAJICH.
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PE®EPAT

Hyneba A.Jl. 3D-mozaentoBaHHs 3y003aOKpYIJIIOIOYMX BIAJWH HakaTHUKA Uit (HOpMyBaHHS
TOPLIEBUX TOBEPXOHb 3YOLIB IIECTEPEHb TPAHCHOPTHUX 3acobiB HakartyBanHsaM / A.Jl. [lyne0a,
10.0. Conourko, H.B. Jlyneba // Bichuk HamionamsHoro TpancmoptHoro yHiBepcuteTy. Cepist «TexHiuHi
Hayku» . HaykoBwuii xxypnan. — K. : HTY, 2022. — Bun. 3 (53).

B crarTi TeopeTMyHO OOrpyHTOBaHA Ta MPAaKTUYHO MiATBEpKEHa MOXKIHMBICTH (QOpMyBaHHS
TOPLEBHX ITOBEPXOHb 3YyOLIB IECTEpeHb OOKaTyBaHHSIM 3y003a0KpYTIIOIOUYMM HaKaTHHUKOM. B mporpami
AutoCad Oymo 3MojenbOBaHE 3adeIUICHHS OOKAaTyBaHMX 3aroTOBKM HaKaTHWKAa Ta IIECTepHI i3
320KPYTJICHUMH TOPLEBHUMH IOBEpXHSAMH 3yOwiB. B pe3yinbraTi doro, Oynu yTBOpeHi ()acoHHI BIaAWHU
3y003a0KpYTIIIOIOYOT0 HAKATHUKA, SKI JO3BOJSAIOTH (POpMyBaTH 3a0KpYTJIEHI TOpIEBI TMOBEpXHi 3yOIliB
obkaryBanasaM. Ha 3d-npuHTepi Oynm HaapykoBaHi i3 IUIACTUKY 3pa3ku (parMeHTiB 3y003a0KpyTI00U0l
BIAJWHA HAKaTHUKA Ta TOPIEBOI MOBEpxHi 3yOus imectepHi. OTpumaHi 3pa3ku OyJM 3aKpilUICHI Ha
creuianbHOMYy o00epTanbHy TMpPHCTPOI Uil MEepeBIpKM MOXIMBOCTI 3aueIUieHHs (DacoHHOI BHAIWHU
HaKaTHUKA i3 TOPIEBOIO MMOBEpXHE0 3yOus mectepHi. [Ipu oOkaTtyBaHHI 3pa3kiB MOJENb TOPIEBOI MOBEPXHI
3y0a WiTKO BXOAWJa y Mojaens (acoHHOI BIAIWHW Ta BUXoAwiIa 3 Hei. lle miarBepkyBamo oOepHEHY
MO>KIIUBICTh YOpMYBaHH: TOPLEBOI MOBEPXHi 3yOILiB 3MOAETHOBAHOIO (PaCOHHOIO BIIAHHOIO.

Ha ocHOBi pe3ynpraTiB MoIenOBaHHS OyB BHIOTOBJICHWH HakaTHUK 13 (aCOHHUMHU
3y003a0KpYTIIIOI0OYNMHI BHaguHaMHu 13 cTani. @opmyBaHHs (HacoHHOI BIIATUHHU 3MIMCHIOBAJIOCH MAIBIICBOIO
¢dpe3or. Ha creriaibHOMY NPUCTOCYBaHHI, CTBOPEHOMY Ha 0a3i TOKapHOTO BepcTara, OyJo 3IiHCHEHO
(opMyBaHHA TOPLEBOi 3y003a0KpYTJIEHOI MOBEPXHI 3yOLIB BHUIOTOBJICHWM HAKaTHUKOM Ha OpOH30BUX
3pa3kax. Pe3ymbraTé MOCTIDKEHb TOKA3ald 3aJOBUTHHY SKICTh YTBOPEHHS TOPIIEBOiI IMOBEPXHI 3YOIlB
3pa3sKiB.

KJIFOUOBI CJIOBA: HAKATYBAHHS, 3YBO3AOKPYTJIFOIOUMIT HAKATHUK, ®PACOHHA
BIIAJJMHA, TOPLIEBA ITOBEPXHS 3VBIS1 LIECTEPHI, 3D-MOJIEJIb ®ACOHHOI BIIAJIMHMU, 3D-
MOJIEJIb TOPLIEBOI IIOBEPXHI 3YBL{s, BPOH30BUI 3PA30K IIECTEPHI.

ABSTRACT
Andrii Duleba, Yurii Sopotsko, Nadiia Duleba. 3D modeling of the tooth-rounding depressions of the
roller for forming the end surfaces of the teeth of the gears of vehicles by rolling. Visnyk National Transport
University. Series «Technical Sciences». Scientific journal. — Kyiv: National Transport University, 2022. —
Issue 3 (53).

The article theoretically substantiates and practically confirms the possibility of forming the end
surfaces of gear teeth by rolling with a tooth-rounding roller. In the AutoCad program, the engagement of the
rolled-in blanks of the knurl and the gear with the rounded end surfaces of the teeth was modeled. As a
result, shaped depressions of the tooth-rounding knurl were formed, which allow forming the rounded end
surfaces of the teeth by rolling. Samples of fragments of the tooth-rounding depression of the knurl and the
end surface of the gear tooth were printed on a 3d printer. The obtained samples were fixed on a special
rotary device to check the possibility of engagement of the shaped recess of the knurled wheel with the end
surface of the gear tooth. When the samples were rolled, the model of the end surface of the tooth clearly
entered and exited the model of the shaped cavity. This confirmed the inverse possibility of forming the end
surface of the teeth with a modeled shaped depression.

Based on the modeling results, a knurling tool with shaped tooth-rounding depressions made of steel
was manufactured. The shaped depression was formed with a finger mill. On a special device, created on the
basis of a lathe, the formation of the tooth-rounded end surface of the teeth was carried out using a knurling
tool on bronze samples. The results of the research showed the satisfactory quality of the formation of the
end surface of the teeth of the samples.
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