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BJUSHUE TAPAMETPOB TOPIIOBOU DPE3bI
HA PASBMEPBI CPE3AEMOT'O CJIOSAA 1 BUJI OBPABOTAHHOU MIOBEPXHOCTHU

Kano. mexu. nayk, ooy. M.H. MHUXAHJIOB, 0.A. JIAIIKO
(F'omenvckuit 2ocyoapcmeennviii mexuuueckuii ynusepcumem um. I1.0. Cyxozo)

Paspabomana mamemamuueckas Mooens mpaeKmopuu pe3yrvmupyloujezo 08udiceHus 3yoves gpessi,
NO360NAIOWASL YUUMBIBATND NOZPEUWHOCHb NO3UYUOHUPOBAHUS CMEHHBIX MHO20ZPAHHBIX NAACMUH 8 KOpHyce
@pesvl. Onpedeneno enusinue paouanrbHo2o bueHusi 3yoves (pezvl HA MAKCUMALbHOE 3HAYEeHUe OMKIOHEHUs.
8bICOMBL MONOZPAPUU NOBEPXHOCMU OM NPULE2AoWell NIOCKOCMU. Ycmanoeieno, ymo Hauboavuee GIusHue
HA MAKCUMATbHOE 3HAYEHUEe OMKIOHEHUs. 8bICOMbL MONOSPADUU NOGEPXHOCMU OM NpULe2arwell nI0CKOCmu
oKazvieaem Cayuai 0OUHOYHO20 PAOuUaIbHo20 Guenus 3yba. Beiaeneno naubonee payuonanvroe (manzenyu-
ANbHOE) PACNONIONCEHUE CMEHHBIX MHO202PAHHBIX HAACMUN 8 KOopnyce (hpesbi.

Beenenue. CoBpeMEHHOE MAIIMHOCTPOCHUE XapaKTEPHU3yETCsl TIOBBIIICHHEM TPeOOBaHUN K reoMeTpuye-
CKUM ITapaMeTpaM KadeCTBa M3TOTOBJICHUS MOBEPXHOCTEH eTarel — TOUYHOCTH TOJIy4aeMbIX pa3MepOB, OTKIIO-
HEHUI (OPMBI, B3aMMHOTO PACIOJIOKEHUS TOBEPXHOCTEH, MX BOJHHCTOCTU U IIEPOXOBATOCTH. VIMEHHO 3TH ma-
paMeTpbl ONpeeNsIoT KOHTAKTHBIE 1eOPMAIN U JKECTKOCTh CTHIKOB, XapaKTepH3YIOT TPEHHE U N3HOC TTOBEPX-
HOCTEH, TepMETHYHOCTb COEJIMHEHUH, IPOYHOCTh CLEIUIEHHs C MOKPBITHEM U T.11. [Ipu 3TOM Heobxoaumo obecrie-
YUTh HE TOJIBKO 33jJaHHbIC TPEOOBaHMS KayecTBa MOBEPXHOCTH, HO U UX CTAOMIIBHOCTbB, KOTOpasi ONpeaessieTcst
XapaKTEepPUCTUKAMH [IapaMEeTPOB T€OMETPHHU IIOBEPXHOCTH JETAJIH, 3a/IaBAEMBbIMH 3aKOHOM UX pacIpeaeIeHus..

I'eomeTpust MOBEPXHOCTH AETalM ompenelsieTcs ee Tornorpadueil. Maremarndeckoe onucanue GopMupo-
BaHUs TONOTrpauy MOBEPXHOCTH MPHU MEXaHMYECKOH 00paboTKe 3aTpyIHsAETCs OOJBLIMM KOJMYECTBOM BIIHSIO-
muX Ha Hee mapaMeTpos. Curyanus eme 0osice OCIOXKHACTCSA TEM, YTO CIydaiHbIE OTKIOHEHUS MOTYT MMETh
JuHaAMH4ecKuil xapakrep. IIpu 3ToM sMIpryecKre peKOMEHAALNH TO3BOIISIOT Pa3pPEIIUTh TOJIBKO OTAEIbHBIC
U3 BO3HUKAIOMINX MPOOIIEM, ISl KOTOPBIX 3TH 3MINPHUIECKHE JaHHBIE CYIIECTBYIOT.

MaremaTiHuecKoe MOJASIUPOBAHNE ONEpai MEXaHNIECKOH 00pabOTKM MO CPaBHEHHIO C HKCIIEPUMEH-
TaJIbHBIMH HCCIIEJOBAaHUAMH IO3BOJIIET MOTydYaTh OOJbBIIEE KOJMYECTBO MH(GOPMAIMHM M COKPATUTHh BPEMs Ha
HCCIIEIOBAaHNA. JTH MPEUMYIIECTBA NMPHUBOAAT K IIMPOKOMY BHEIAPEHMIO MOJCIHPOBAHMSA B TEXHOJOTHIECKHUE
pacuetsl. OJTHAKO Pa3HOPOAHOCTH CYLIECTBYIOIINX MOJEICH TEXHOJIOTHYECKHX CHUCTEM M IMPOLECCOB, a TaKXkKe
OTCYTCTBHE €ANHOTO I0JX0/1a K UX pa3paboTKe 3HAUYUTENBHO 3aTPYAHSICT BHEIPEHHE 3TUX MOJIEINEH.

Tak, C.JI. JleonoB n B.H. HekpacoB HcIob3yI0T METOA MAaTEMaTH4YECKOr0 MOJEINPOBAHUS U GOpMU-
poBaHuU TomOrpadMy MOBEPXHOCTH TOPLOBEIM (hpe3epoBaHUEM, ITPU 3TOM OHH HPEACTABILUIN 3TOT Ipolece B
BHUJE «iepHOro smuka» [1 — 3].

Kpome Toro, Tormorpadust 00paboTaHHBIX MTOBEPXHOCTEH 3aBUCUT OT pacrofioskeHus: popmooOpasyromnieit
KPOMKH (pe3bl B KOPITyce HHCTPYMEHTAa U TPACKTOPHH €€ ABM)KEHHSA, HA KOTOPYIO B CBOIO OUEpPE/b BIMAIOT I1a-
paMeTpsl peXUMa Pe3aHHsl K TEOMETPHUUECKHE TapaMeTPhl PEXYIIUX KPOMOK (pe3sl.

PacyerHast MoJe1b M 3KCHepHMeEHTaJbHbIe HccaeqoBaHMs. [l OmucaHus TPAGKTOPUM TOYKH 3yOa
(hpe3bl mpu 06paboTKe OBLIH TOTYUEHBI CIIETYIONINE YPAaBHCHHUS
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rme S — mojava Ha OIUMH IUKII TIIABHOTO IBIDKCHHS MHCTpyMeHTa, MM/00; D — nuametp ¢dpessr, Mm; t — 1ieH-
TpPAITBHBIN YTOJI TIOBOPOTA PACCMATPUBAEMOM TOUKH KPOMKH (hpessr; K, N — esbie umcna.

B xadecTBe pexymnx 3JEMEHTOB COOPHOTO MEXaHM3MPOBAHHOTO HHCTPYMEHTa HanOoJee 4acTo MCIIOIb-
3YIOTCSI CMEHHBIe MHOTOTpaHHble miacTuasl (CMIT), KOTOphble HANLIM MIMPOKOE MPUMEHEHHE B MPOMBIIIICHHO-
cru (mwiactunsl Gopmel 02114).ITapamerpbl GOpMBI U PACIOIOKEHHE WX 0a30BBIX MOBEPXHOCTEN OKA3BIBAIOT
HanOOJIbIIICE BIIMSHUE HA PAJUATBHOC U OCCBOC OMEHHE PEIKYIINX KPOMOK HHCTPYMECHTA.

B mpoBeieHHBIX UCCICIOBAHUAX ONPEICIIIOCH BIUSHUE Ha TOYHOCTh no3uimonupoBanus CMII B kop-
Myce MHCTPYMEHTA OTKJIOHCHHH OT IIOCKOCTHOCTU 0a30BBIX TPaHEH.

HccnenoBanne mIOCKOCTHOCTH OTMOPHBIX TPAHEH IUJIACTUH MPOU3BOIWIOCH 10 PE3yJIbTaTaM H3MEPEHHUS
OTKJIOHCHUI WX PEaJbHBIX MOBEPXHOCTEH OT MPWIIETaloNIUX IOCKOCTer. [lo pesynmpTaraM m3MepeHHid ObLIH
MTOCTPOEHBI THCTOTPAaMMBI pacrpe/ielieH!s] 3HAUCHU OTKJIOHEHWHM OT MPHJIETAIOIIEeH IIOCKOCTH KaXKIOW 3Jie-
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MEHTApHOH IUIONIaKu. Tak, Ha OMOPHOW MOBEPXHOCTH OBUIO BBLACICHO 215 3neMeHTapHBIX IUIOMAAOK, VIS
KOTOPBIX OBUIHA TOCTPOCHBI THCTOTPAaMMBI PACHIPEACICHHS 3HAYCHUI OTKIIOHEHUH OT IIOCKOCTHOCTH. Bee ruc-
TOTPaMMBI OBITM pa3zefieHbl Ha IIECTh TPYMII 10 MX BHUAY. THIIOBBIE THCTOTPaMMBI paclpeaesieHHs 3HaUYSHIHA
OTKJIOHEHHUH OT INIOCKOCTHOCTH KaXKAOH TPYTIIIEI IPeICTaBIIeHB! Ha pucyHKe 1.
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Puc. 1. TunoBsle ruCTOrpaMMBbI pacrpeie/ieHNs 3HaueHUH OTKIOHEHUH OT MpHIIETaloIIel MII0CKOCTH

ITo mpuBeOCHHBIM THCTOIpaMMaM ¢ 3amaHHoi BepositHocThio 0,11; 0,22; 0,33; 0,44npenesanch Mak-
CHMaJIbHOE, MUHUMAaJIbHOE M PACCUUTHIBAJIOCH CPEAHEE 3HAUCHHSI OTKIOHEHHH OT IIIOCKOCTHOCTH.

Inst 1+ rpymmst rrctorpamm (puc. 1, a): pu Bepostioctr 0,11 MHHAMANTBHOE 3HAYEHHE OTKIOHEHHM OT
IUIOCKOCTHOCTH He mpeBbimano 10 MkM, MakcumaiibHoe — 28MKM, a cpearee — 19;mpu BepositHocTr 0,22 cooT-
BerctBeHHO 10; 28;u 19; mpu BepositHoctr 0,33 — 10; 13,6; 5,81pu BepositHoctr 0,44 — 10; 13,6; 5,&K onnue-
CTBO rucTorpaMm 1-i rpynmsl coctasisiio 9 %ot obuiero yncna.

st 2+ rpynmst ructorpamum (puc. 1,6): npu BepositHoctu 0,11 MUHUMAaNbHOE 3HAUEHHE OTKIIOHEHHIH OT
TUIOCKOCTHOCTH paBHO 5,4 MKM; MakcumaiibHoe — 27;cpeanee —16,2;upu BepositHoctn 0,22 COOTBETCTBEHHO —
10,8; 21,6; 16,2ipu Beposithoctu 0,33 — 10,8; 21,6; 16,2pu Bepostaoctu 0,44 — 16,2; 21,6; 18,Konuuecr-
BO THCTOTpaMM 2-i rpymisl cocTanisuio 24 %ot obuiero yncna.

Inst 3+t rpymmst tucrorpamm (prc. 1, 6): npu BepositHoct 0,11 MHHUMABHOE 3HAYEHUE OTKIOHEHHH OT
mwiockoctHOCTH paBHO 10 MxMm; makcumaiapHoe — 38; cpentee — 24; nmpu BepostHOCTH 0,22 COOTBETCTBEHHO —
15,6; 26,8; 21, 2ipu Bepositioctu 0,33 — 15,6; 26,8; 21,2ipu Bepositioctu 0,44 — 21,2; 26,8; 2&KonnyectBo
rucTorpaMm 3-ii rpymmsl coctapiset 26 %ot obuero yucia.

Inst 4-i rpymmet ructorpamm (puc 1, 2): npu BepositHoctr 0,11 MUHHMANBHOE 3HAUYCHHE OTKIIOHCHHUH OT
I0CKOCTHOCTH paBHO 10 MkM; MakcumansHoe — 36;a cpennee — 23;mpu BeposTHOCTH 0,22 COOTBETCTBEHHO —
15,2; 36; 25,61pu Bepositroctu 0,33 — 25,6; 30,8; 28,2pu Beposithoctu 0,44 — 25,6; 30,8; 28,KonuyectBo
rucTorpaMm 4-ii rpynmnsl coctasiser 19 %ot obmero uncna.

Hnst 5+ rpynmsl ructorpamm (puc. 1,0): npu BepositHoctd 0,11 MuHUMANBHOE 3HAYCHHE OTKIOHEHHH OT
IUIOCKOCTHOCTH paBHO 6,4 MkM; MakcuMansHoe 32; cpennee — 9,2;npu BepositHocTH 0,22 COOTBETCTBEHHO —
12,8; 25,6; 19,2ipu Beposithoctu 0,33 — 19,2; 25,6; 22,4ipu Beposithoctu 0,44 — 19,2; 25,6; 22,Konuuecr-
BO THCTOrpaMM 5-i rpymnmsl coctaBisieT 12 %ot obiiero yucia.

Jlnst 6-i rpymet Trctorpamm (puc. 1, e): mpu BepositHoct 0,11 MUHUMAITBHOE 3HAYECHUE OTKIOHEHHH OT
mwiockoctHOCTH paBHO O; MakcumansHoe 35 MkM; a cpeanee — 17,5;npu BepostHoctu 0,22 coorBerctBento O;
35; 17,5;npu Bepositioctu 0,33 — 14; 35; 24,5ypu Bepositaoctr 0,44 — 28; 35; 30Koan4yecTBO rCTOrpaMm
6-i1 rpynmnst coctasisier 10 %ot obiuero uncia.

[Ipu Ga3zupoBaHMM Ha OMOPHYIO U OOKOBBEIC MoBepxHOCTH CMII OBITH MCTIONB30BaHBI MaTEMaTHICCKUE
MOJICIM TOYHOCTHU €€ TO3UIUOHUPOBAHHS B KOPIYCE MHCTPYMEHTA, IIOCTPOCHHBIC Ha OCHOBE 0a30BBIX IJIOCKO-
CTell ¥ KHHEMATUYECKUX MUKponepemMelneHui [5; 6].

Pe3ynbTaThl pacyeToB IO MOJyYeHHBIM MOJIEIISIM [PUBEICHBI B TA0JHIIE.
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Tounoctb TMO3MIIMOHUPOBAHUS TIPU 3aJaHHBIX BEPOATHOCTAX

YpOoBHHU BEpOSTHOCTH Smins MKM Omax MKM Bepenicer MKM
0,11 21 48 34,5
0,22 21 48 34,5
0,33 29 48 38,5
0,44 35 48 41,5

AHaau3 pe3yibTaTOB. AHamn3 00pabGOTaHHBIX MTOBEPXHOCTEH MPOM3BOAMIHA 0 BUIY TPACKTOPHH IBHU-
KeHus 3yObeB (pesbl, ¢ mapamerpamu: S = 0,8mm/06; D = 70mm; Z = 4.

o BeirenpuBeneHnsiM ypaBHenusM (1); (2) Gbutn mocTpoeHsl TpaekTopuu 3y0heB (hpesbl s ciaydasi,
[pU KOTOPOM OHM He umenu ouenus (puc. 2). B pe3ynbrate pacyeToB ObUTH OMpEAEICHbI OTKIOHEHHUS TOMOrpa-
(UK OBEPXHOCTH OT MPHJIETAIONICH TIIOCKOCTH, MAKCUMAJIbHOE 3HaYeHUEe KOTOPhIX cocTaBuio 0,14Mim.
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Puc. 2. Tpaekropus 3y0beB pe3sl 6e3 yuera OneHust

Tpaektopust 3y0beB Gpe3bl, y KOTOPOi ouH 3y0 uMen paguansHoe ouenne +20 MKM (COOTBETCTBYIOIIHE
HOTPENIHOCTH TTO3UINOHUPOBAHHS, CM. TA0JIHNILYy), IPEACTABICHA HA PUCYHKE 3.
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Puc. 3. Tpaekropust 3y6beB ¢pe3bl ¢ GreHrem ogHoro 3yda +20 MkM
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Pacyersl moka3zanu, 4TO MAKCHMAaJbHOE 3HAYCHUC BBICOTHI OTKIIOHCHUS TONOTpadUH MOBEPXHOCTH OT
MPWICTAOIIECH IOCKOCTH YBEIUYHIOCH B 16 pa3 1o cpaBHEHHUIO ¢ MpeAbLAyINUM BapuanTtoM. J[is BapuanTa, B
KOTOpOM TpH 3yba nmenu paguanbHoe Ouenue —20 MKM, MaKCUMaJbHOE 3HAYCHHE BBICOTHI OTKJIOHEHHS TOMO-
rpad)uu MOBEPXHOCTH OT MPHIICTAIOICH IOCKOCTH PaBHSUIOCH 2,35MKM.

3areM paccMaTpHBald BapHaHT, B KOTOPOM (pe3a uMmena omauH 3y0 ¢ Oumenumem —20 mMxMm (puc. 4).
B 3TOM ciyuae MakCHMalbHOE 3HAYCHHE OTKIOHEHHS BBICOTHI TOMOTpadMH MOBEPXHOCTH OT MpHUIIEraroiieit
mIockocTu coctasuino 0,576MkM.
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Puc. 4. Tpaektopus 3y0obeB (pe3bl ¢ Guennem oaHoro 3yda —20Mxm

PesynbraThl 3TOT0 BapuaHTta aHaJIOTMYHBEI BApUAHTY, B KOTOPOM TpH 3y0a numeror ouenne +20 MKM.

B 4eTBepTOM pacueTHOM BapHAHTE [Ba PAIOM CTOsLIMX 3yba mmenu Ouenue +20 mxm (puc. 5). B pe-
3yJIbTaTe MAaKCMMaJIbHOE 3HAYECHUE OTKJIOHEHUS BBICOTHI TONOTrpa(uu MOBEPXHOCTH OT NPHIIEralolel mIocKo-
cTr coctaBuio 1,288MkM.
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Puc. 5. Tpaekropus 3yObeB (pessl:
[IBa PSZIOM CTOSIINX 3y0a nmetoT 6ueHne +20MKkM

Crenmyromuii pacCMOTpPEHHBIH BapHaHT — JIBa PsIOM cTosux 3y0a umeror ouenne —20 MkM. Makcnmans-
HOE 3Ha4YCHHE OTKIOHEHUsI BEICOTHI TONOTrpaduu MOBEPXHOCTH OT NPUJIETAIOIIEH INIOCKOCTH COCTAaBHIIO 1,3 MKM.
OTOT BapHaHT MPAKTHYECKH aHAJIOTHYCH TOMY, B KOTOPOM JIBa JPYrux 3y0a uMmeroT ouenne +20MKM.
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B cityyae ecim aBa He psiIoM crosinue 3y6a umenu ouenne +20 MKM, a OJMH 3y0 MEKIy HAMU HE UMEI
NOTPEIIHOCTH, MaKCHMAaJbHOE 3HAYEHHE OTKIOHEHHS BBICOTHI TOMOTPAaQUU MOBEPXHOCTH OT IPHUIIETaromeit
IockocT 66110 paBHo 0,446mkMm (puc. 6).
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Puc. 6. Tpaekropns 3y0beB (pe3sl:
JIBa CMEXKHBIX 3y0a uMeroT ouenue +20 MM

Kpome Toro, ObUIO HcciIeIoBaHO BIMSHHE ITapaMeTpoB (pe3bl HA TONILIMHY cpe3aeMoro cios. Pesynbra-
TBI PACUYETOB MO3BOJIMIN OIPEICINTD TOJIIMHY CPE3AEMOro CJIOSl B 3aBUCHMOCTH OT YIJIa IoBOpoTa 3y0a (pessl
U paJrajgbHOro OneHus 3yObeB:

8s = S, [3INQ), 3)

rae S, —nojava Ha 3y6 dpesst, MM/3y0; Q — yroi moBopota 3y0a (pe3si.
PacueTHble 3HAYCHUSI U3MEHEHHS TONIIMHBI CPE3aEMOTr0 CJI0SI IIPEACTABICHBI HA PUCYHKE 7.
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Puc. 7.3aBucHMOCTD TOJIIMHBI CPE3aEMOTO CJI0S OT YIJIa HOBOPOTA (pessbl:
a —06e3 OueHus 3yObeB; O — ¢ OMEHHEM OJTHOTO 3y0a

JlaHHble pUCyHKa 7 MO3BOJISIOT 3aKIIIOYNTh, YTO TP YBEJIMYCHUH yTiia MOBOpoTa ¢Gpe3sl B 9 pa3 TosmuHa
cpe3aeMoro ciios ysenuuuBaercs B 6,6 pasa (puc. 7, a). CpaBHuBas jaBa rpaduka Ha pUCYHKe 7, 6, MOXKHO 3a-
KJIFOYMTh, YTO TOJIIIMHA CPE3aEMOro CIIOs TIPH OJIHOM M TOM )K€ yriie moBopora 3yoa ¢pessl, Hampumep, Q = 10,
y (pessr ¢ Ouerrem 3yoneB Ooubiine Ha 0,0315mmM, a ipu Q = 90 —ua 0,04mm.
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3akiwueHue. B pesynbrare NpoBeCHHOTO UCCIIEI0BAHMS pa3paboTaHa MaTeMaTHYECKAst MOJIEIb TPAeK-
TOPHUHU PE3yIbTUPYIONIETO IBIKCHUS 3yObeB (pe3bl, MO3BOJISIONIAS YUUTHIBATH MOTPEITHOCTD MO3UIIMOHUPOBA-
aHust CMII B xoprryce ¢pe3sl. OnpeneneHo BIMsSHAE paauaibHOro OueHus 3yObeB ()pe3bl HA MAKCUMAIBHOE 3Ha-
YEHHUE BBICOTHI OTKIOHEHHS TONOTrpadui MOBEPXHOCTH OT NPHUIIETAIONIECH TNIOCKOCTH.

CpaBHUBAsI C THUIIOBBIM METO/IOM OMPEIeNICHHs IIEPOXOBATOCTH, IIPH YCIOBHH, €CIIM OJMH 3y0 UMeeT pa-
nquansHoe orneHre 20 MKM, ITOJYYHIIN, YTO 3HAYCHHE IIIEPOXOBATOCTH OTiaHYaeTcs B 1,3 pasa.

CpaBHUBAasi C TUIIOBBIM METOJIOM OMNpPECICHUS TONIIMHBI CPE3aeMOro CJIOsl, HE YUMThIBAas pajuaibHOe
OueHwe, MOMYYUIH, YTO 3HAUECHHUE TOJIIIMHBI Cpe3aeMoro ciost otiandaercs B 1,05pa3a.

YcraHoBeHO, 4TO HaubOJIbIIeE BIUSHIE HA MAKCUMAIbHOE 3HAYEHHE OTKJIOHEHHUS BBICOTHI Tonorpaduu
MOBEPXHOCTH OT MPHJIETAOIIEH MIOCKOCTH OKa3bIBAET CIIydail OJHHOYHOTO PaHalbHOrO OUEeHUs 3y0a.

BeisiBiieHo, 4To HanboJiee panuoHaIbHbIM pacrnoiokenrneM CMII B kopryce (pe3bl sIBIASETCS TAHTCHIIN-
anbHOE.
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Hocmynuna 21.03.2013

THE INFLUENCE OF THE FACE MILL PARAMETERSON THE DIMENSIONS
OF THE LAYER CUT AND THE FORM OF THE SURFACE WORKED

M. MICHAILOV, O. LAPKO

The mathematical model of the trajectory of resulting motion of the mill teeth enabling to allow for the
error of positioning the replaceable indexable insert in the mill body is developed. The influence of radial runout
of the mil teeth on the maximum value of deviation of the surface topography height from superimposed plane is
determined. It is established that maximum influence on maximum value of deviation of the surface topography
height from superimposed plane is observed in the case of single radial runout of the tooth. It is established that
most efficient positioning of the replaceable indexable insert in the mill body is tangential.
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