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IMEPOXOBATOCTbh U BOJTHUCTOCTH HOBEPXHOCTEM JIETAJIEN,
OBPABOTAHHBIX HA JIBYXCYIIIIOPTHBIX TOKAPHBIX CTAHKAX
C YU CJOBBIM TPOT'PAMMHBIM YITPABJIEHUEM

0-p mexn. nayx, npogp. H. A. KAIITA/IBAH; 5. OPYKAPU
(Benopyccruii nauuonansiiii mexnudeckutlynusepcumen, Munck)

Paccmompena 3adaua nogviuienuss npou3600UMenbHOCMU O8YXCYNNOPMHBIX MOKAPHLIX CIMAHKO8 C Yil-
CILOGbIM NPOSPAMMHBIM YAPAGIEHUEM NYMEM ONMUMANLHO20 COBMEWEHUsl PA3IUYHBIX MEXHOL02UYECKUX nepe-
Xx00086. [Ipugedensvi pesyromamovl SKCNEPUMEHMATLHBIX UCCIEO0BAHUL WEPOXOBATNOCIMU U BOJHUCIOCIU NO-
eepxnocmeit demanel Mawun, 0OPpAObOMAHHLIX 08YMSL Pe3yami COBMECMHO C GKIIOYEHUEM 8. NPOYEcC pe3aHus
KUHeMamu4ecKkol HecmabuibHOCmu.

Knrwouesvie cnosa:. nosepxnocmu oemaineti, wWepoxo8amocmy, 0IHUCIOCHb, O8YXCYNNOPMHbIE MOKAP-
Hble CIMAHKU € YUCTIOBBIM NPOZPAMMHBIM YRPABIEHUEM.

CoBpeMeHHBII 3Tan pa3BUTH MAaIIMHOCTPOSHHS XapaKTEpHU3yeTcs MHUPOKAM HCIIONb30BaHNEM CTAaHKOB
U CTaHOYHBIX KOMIUIEKCOB C YHCIOBBIM mporpammubiM yrpasienuem (UITY). OmHako 000pygA0BaHHE TAKOTO
THTIA JOCTATOYHO CJIOXKHOE, TPEOYIOIIee TEOPETHICSCKUX 3HAHNH U MTPAKTHIECCKUX HABBIKOB, a €T0 MPHOOpEeTEeHUE
CBs3aHO ¢ OoybIIMMU (DUHAHCOBBIMHU 3aTpaTaMu. B cBsi3u ¢ 3THM mpobiema 3((GEKTUBHOTO HCIIOJIb30BAHHS
ctankoB ¢ YIIY sBiseTcss NpHOPUTETHOW IJIsI OONBIIMHCTBA MPEIIPUATHIA MAIIHHOCTPOCHUS. {1 TOKapHBIX
ctankoB ¢ UITY, ocHallleHHBIX IBYMsI CYIIIOPTAMH, PE3CPBhI MOBHIMICHUS 3(P(PEKTUBHOCTH HAXOSATCS B PAIHO-
HAJIbHOM COBMEIICHHH 00pa0OTKM MOBEPXHOCTEH 3aroTOBKM IpH OOIIEH 9acToTe BpalleHus mmuHaens. [Ipu-
9YeM YMCIIO BAPUAHTOB COBMEILCHHUS MOXET CYIICCTBCHHO BO3PACTH, €CIHM Ha CTaHKE OyneT peann3oBaHa (yHK-
U] HE3aBUCUMOTO YIPABJICHUS CyNIopTaMu. B kadecTBe KpUTEpHWs A aBTOMAaTH3MPOBAHHOTO BHIOOpA OITH-
MaJIbHOTO BapUaHTa COBMEIICHHUS MOXET OBITh MPHUHATA MPOAOJDKUTEIBHOCTD IIHKIIA 00pabOTKH 3aroTOBKH, a B
KauecTBe OTPAHWYCHHUN CTOWKOCTh PEXYIIET0 HHCTPYMEHTa W TapaMeTpsl KauecTBa (TOYHOCTH pasMepoB
U GopMbl 00pabOTAHHOM MOBEPXHOCTH, €€ HIEPOXOBATOCTh M BOJHHUCTOCTh). Haubonbiiuii UHTEpEC mMpu 3TOM
TPEICTABISIFOT MaTEMAaTHIECKHE 3aBUCUMOCTH (OTPaHMYEHHS), YCTAHABIMBAIOIINE B3aNMOCBSI3b PEKAMOB pe3a-
HUS ¢ TapaMeTpaMK KayecTBa TOHM MOBEPXHOCTH JIETalld, KOTopas 00paboTaHa IByMsl pe3l[aMHi COBMECTHO.

OcHoBHas yacTbh. OYHKIIMOHUPOBAHKE CTaHKA, OCHAIICHHOTO MUKPOTPOIECCOPHBIM ycTpoiictBoM UITY,
OCYILIECTBIIETCS IIyTEM OTPAOOTKHU OIPEICIEHHOTO HA00Opa alrOpUTMOB yIipaBieHus. [Ipuuem kpome Tpaauiu-
OHHBIX AITOPUTMOB (MHTEPIIOJIINH, pacdera SKBUANCTAHTHI, Pa3rOHA-3aMEIJICHNS, KOPPEKIIMH PEXKYIIETrO MH-
CTPYMEHTA | JIp.), B 3TOT HaGOp MOKET OBITh BKJIIOYEH AITOPUTM HE3aBUCHMOTO YIPABICHHS KOOPIHHATHBIMH
nepeMeneHusIMu. Takoil anroputM ObuI pa3paboTaH W pealu30BaH HAa JBYXCYHNIOPTHOM TOKAPHOM CTaHKE
¢ UITY mox. 1A751®3 [1]. ITo gaHHOMY aJrOopHTMy COIJacOBaHHE Havaja OTPabOTKU 00OMX YIPaBJISIOLIMX
nporpamm (IJIsl MPaBoOro M JIEBOrO CYMIOPTOB) OCYLIECTBIISICTCS C MOMOINBIO MPH3HAKA CHHXPOHHU3ANUU «H».
B ynpasasronieit nmporpamme (YII) aast mpaBoro (J1€Boro) cymmoproB 1moj agpecoM «H» 3agaercs HoMmep Kau-
pa, ¢ KoToporo HauuHaeTcst oTpadoTka YII mnst nesoro (mpasoro) cymmopra. JlanHast QyHKIMS yIpaBieHUs
MO3BOJIAET 00ECICUYUTh ONTUMABHOE COUYeTaHHEe PabOUMX W BCIOMOTATEIBHBIX XOIOB IS TIPABOTO H JIEBOTO
CYIIIOPTOB MIPH UX COBMECTHOM padoTe.

Haubomsnmmii 3¢ dekr ot coBmecTHOH paboThl AByMs cymmopramu ctanka ¢ YITY moxer ObITh moirydeH
NPH M3TOTOBJICHUH HEXKECTKUX JeTaneil (KpoMe YBETWUEHWs MPOW3BOAMTENHHOCTH OOpabOTKH 3HAYHTENHHO
MOBBINIAETCS TOYHOCTH (POPMBI JETATH B MPOAOJILHOM ceueHHH). DPPEKT MOBBIIMICHUS TOYHOCTH 00pabOTKU

00eCIIeTHBACTCS 3@ CUCT YPaBHOBCIIMBAHKS PaJalbHbIX cull pesanus B, u B, . Hactpoiiky pesnos mist Tode-

HUSL IBYMSI Pe3IaMH OCYIIECTBILSIFOT 1O OJIHOW M3 M3BECTHBIX cXeM [2]: ¢ menenuem riryoumbl pesanus (puc. 1);
¢ nenenneM nogaun (puc. 2).
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Ipu HacTpoiike mo nepBoii cxeme (C AeaeHHeM rTyOHHBI pe3aHusi) TPeOOBaHUS K TOYHOCTH PACIIOIOKE-
HUS BEPIIMHBI pe3lia, YAAISIOEro BEpXHUN CI0U MPUITYCKa 110 OTHOLICHUIO K OCH BpPalleHHsI 3aTOTOBKH, HEBBI-
cokn. DakTHYEeCKH TOYHOCTH MOIy4aeMoro Ipu oOpaboTKe 3aroTOBKH pa3Mepa obecredmBaeTcs HAaCTPOHKON
BTOpOTO pe3ia. HacTpouTs pe3ms! it TOUeHHA ¢ AeTICHHEM M0Jaul 3HAYUTENIFHO TPYAHEe, TIOCKOJIBKY TJIaBHBIC
peXyIIre KPOMKH Pe3I0B MOJDKHBI pPacIoaraTtbCs Ha OHOM KOHYycCe, COOCHOM 00pabaThiBaeMOi TOBEPXHOCTH,
a UX BEPIIMHBI JOJDKHBI HAXOJAUTHCS Ha OJMHAKOBOM PACCTOSIHHUM OT OCH BpareHus [2].

IIpencraBneHHBIE CXEMBI TOUSHHUS IBYMSI pe3laMi UMEIOT OJMH OOIIHi HEAOCTAaTOK, KOTOPBIH CBSA3aH C BO3-
HUKHOBEHHEM BHOpanuii BCICACTBHE B3aWMHOTO BIHMSHHUS PEATH3YeMBIX MPOIIECCOB pe3aHHs Ipyr Ha Apyra, —
MPY COBMAJCHUU YACTOT BBIHYXKJICHHBIX KOJICOAHUH OJHOTO M JPYroro MpOIECCOB PE3aHMsI MOSIBIISIOTCS PE30-
HAHCHBIC sBICHHA. J[JI MCKIIFOYCHHUS 3TOrO HEIOCTaTKa IIeecO00pa3HO JUIsl OJHOTO M3 IPOILECCOB PE3aHUS
00eCIeUnTh yIpaBIIeMOe 3aKOHOMEPHOES M3MCHEHUE YpOBHs BUOpanumii. JlaHHas 3amadya MOKET OBITh pelicHa
BKIIIOYCHUEM B OJIMH U3 MPOLCCCOB PE3aHUs YNPaBIIIEMON KMHEMAaTHYEeCKON HEeCTaOWIBHOCTH, HApPHUMED, ITy-
TEM MOJYJIHPOBAHHOTO M3MCHEHUs NoAayu B QyHKimu myTH. C IEIbI0 €ro OCYIIECTBICHHs ObLT pa3paboTaH
1 BKIIOYEH B TEXHOJIOTHYECKOE MporpaMMHoOe obecrieueHue ycrpoiictea YITY KM85 mMomyss, MO3BONISOIIHIA

[EePUOANYECKN YBEJIIMYUBATh IOfady oT S A0 S ., a 3aTeM CHMXaTh ee 10 HepPBOHAYaIbHOTO 3HaueHus [3].

W3menenune noaauyn MexIy ee MMKOBBIMU 3HAYEHHUSMHM IIPU 3TOM HPOU3BOAUTCS NPHPAIIeHUsIMHA BeluunHod AS
o Mepe 06padoTku yyacTkoB Al Mexmy npupamenusmu. s sToro ycrpoiictso UITY moouepenHo peanusyer
3aBUcUMoOcTh S =S, +NAS u 3aBucumocts S, =S, —NAS, rae Ny — yucno HpUpaleHui CKOpPOCTH

[oJa4yu NpH ee W3MeHeHuH ot S, m0 S,,. JunHa nyTe pasroHa (3aMeIEHHUs) NPU 3TOM ONMpPEAeIISeTCs
u3 Boipaxenus |, = NAl; sHauenne AS Bwibupaercs kpatueiM 0,1 mm/mun; Al mpuHnMaercs KpaTHOH enu-

HUIE TUCKPETHOCTH.

[ToBepxHOCTH neTanmu, 0Opa3oBaHHAs B MPOIECCE €¢ M3TOTOBJICHHS, BCET/Ia MMEET HEPOBHOCTH B BHJC
BBICTYIIOB W BIIQJIMH PA3JUYHBIX BEJIUYUH C HCOOJBIIMMU PACCTOSHUSIMA MEKAY HUMUA. COBOKYITHOCTH HEPOB-
HOCTEH 00pabOTaHHOW MOBEPXHOCTH C OTHOCHUTEIILHO MAaJIbIMH IIIATaMH, BBIZICICHHAS C TOMOINBI0 0a30BOH K-
HBI, IPEACTABIACT COOOM MIEPOXOBATOCTh MOBEPXHOCTH. BOHUCTOCTBIO MOBEPXHOCTH HA3BIBAIOT COBOKYITHOCTD
MEPUOIUYCCKU TOBTOPSIOIIMXCS HEPOBHOCTEH, Y KOTOPBIX PACCTOSHHS MKy CMEKHBIMU BBICTYIIAMU WU BIIa-
JUHAMHU TIPEBBHIIAIOT 0a30ByI0 mHY. O0e TeOMETPUYECKIE XapaKTePUCTUKN TOBEPXHOCTH SBIISIOTCS BaXKHBI-
MU TT0Ka3aTeNIIMHI TEXHHIECKOTO YPOBHS NMPOAYKINH MAITHHOCTPOCHHUS.

Ha xagectBo moBepxHOCTH, 00pabOTaHHOM pe3aHNEeM, OKa3bIBACT BIMSIHUE MHOXKECTBO MTPHYNH, KOTOPHIE
OOBEMMHAIOT B TPH OCHOBHBIC Tpymisl [4]. K mepBoil rpyrie OTHOCATCSA TPUYHHBI, CBSI3aHHBIC C TeOMETpHEH
mporiecca pe3aHus, —3T0 (GopMa U COCTOSHHE PEeXKYIIUX KPOMOK, a TaKKe 3JIEMEHTH PEeXXUMOB pPe3aHHs, KOTO-
pBIE OKa3BIBAIOT BIMSHHE HA TPAEKTOPHIO PEXYIIUX KPOMOK OTHOCHTENBHO 00pabaThiBaeMOW HMOBEPXHOCTH.
Ko BTOpO# Tpymmne OTHOCATCS MPUYHHBI, CBSI3aHHBIC C YIPYTO# M IUIaCTHYCCKOW nedopmanueii oopadaTriBac-
Moro marepuana. HakoHel, TpeThIO TPYIIy COCTABISIOT NPUYHMHBI, CBSI3aHHBIC C BOBHUKHOBEHHEM BUOparui
B MpOIIECCe Pe3aHusl, KOTOPHIC MPUBOISIT K OTKIOHCHHIO JICHCTBUTEILHOW TPACKTOPUH JIBHXKCHUS 00pabaThiBac-
MO#i 3arOTOBKH M MHCTPYMCHTAa OT TPACKTOPUH 3aJaHHOW. BuOparwu, ynpyrue u miacTuueckue aedopmaru
00pabaTbIBACMOT0 MaTepralia HapyIIal0T 3aKOHOMEPHOE paclpe/elicHIHe HEPOBHOCTEH HAa IMOBEPXHOCTH, MCKa-
JKArOT UX (POpMy, CYIIECTBEHHO YBEIMIHBAIOT UX BHICOTY.

[Ipu coBMECTHOM TOYEHHUH IBYMsI pe3llaMy, YCTAHOBJICHHBIMH Ha Pa3HBIX CYNIOPTax, MPOUCXOIUT B3au-
MOBIHSTHHAE PeaTU3yeMBIX MPOIIECCOB pe3aHus APYT Ha APYra, 4To, ECTECTBEHHO, BEIET K M3MECHEHUIO MEXaHM3-
Ma JeHCTBUS MPAKTHISCKH BCEX MPUYHH, OKA3hIBAIOIINX BIMSHHE Ha KadeCTBO MOBepXHOCTH. [loaTomy 3amaua
OIICHKH TaKHX ITOKa3aTeJieil KadecTBa MOBEPXHOCTH, KaK IIEPOXOBATOCTh M BOTHHCTOCTh, IPH 00pabOTKe 3aro-
TOBOK Ha JIByXCYITIOPTHBIX CTaHKaX, OCHAIIEHHBIX ycTpoiicTBoM ¢ UIlY ¢ dynkumeii He3aBHCHMOTO yrpasiie-
HUSL, SBJSICTCS aKTYaIbHOM.

Dopmy U pa3Mepbl HEPOBHOCTEH, KaK MPAaBUIIO, H3MEPSIOT B HAMPABJICHUM JIBUKCHUS PE3aHUSA U B Ha-
MPAaBJICHUH, MEPICHINKYISIPHOM 3TOMY JBH)KCHUIO. BhICOTa HEPOBHOCTEH TTOBEPXHOCTH, U3MEPCHHAS B HAIIPAB-
JICHWUH JBIKCHHS PE3aHHUs, XapaKTePU3yeT MPOIOIBHYIO IIEPOXOBATOCTh MOBEPXHOCTH. [lonepeynas mepoxosa-
TOCTh U3MEPSETCS MEPISHANKYISPHO IBIKCHUIO pe3aHus (B HAMPABICHUH MOJa4yu). Pa3mMepsl MOMEPEeYHOI 1ie-
POXOBAaTOCTH TPU TOKAPHOH 00pabOTKe OOBIYHO B JBA-TPU Pa3a MPEBHIMIAIOT MPOJOJBHYIO MIEPOXOBATOCTE.
BenencTBue 3TOT0 OLEHKY MIEPOXOBATOCTH MOBEPXHOCTH MPHU TOYEHUH OOBIYHO MPOU3BOAAT HA OCHOBAHHUH H3-
MEpEeHUs TOMIEPETHOH MEePOXOBATOCTH, KOTOPAst 3aBUCHT TJIaBHBIM 00pa30oM OT F€OMETPHH PEXYIISH 4acTH MH-
CTPYMEHTA W BEJIMYMHEI Togauu [2].

OcHoOBHas IpUYrHA 00pa30BaHM BOJIHHCTOCTH — OTKJIOHEHHE JEHCTBUTEIBHON TPACKTOPHU ABIKCHUS
00pabaTbIBaeMOii 3arOTOBKH W MHCTPYMEHTa OT 3aJaHHON. M3 Bcero MHOroo0pazust (pu3UIecKux MpOIECcCOB,
MPOUCXOJAIINX B pabOTAIOIIEH TEXHOJIOTUYECKOH CUCTeMe, HanOoJIbIee BIMSHUAC Ha PACCOTIIACOBAHUE TPACK-
TOPUM JBWKCHUS OKa3biBalOT BUOpanuu. KoneOaTenabHbIC NBIKCHHS PEKYIIET0O WHCTPYMEHTA B PaJHATBHOM
HANPaBJICHUH, HAKJIABIBAsSCh HA BpallaTEeIbHOE JBUKCHUE 3arOTOBKH, MPUBOIAT K 0OPA30BAHUIO MPOIOJIEHOU
BOJIHUCTOCTH, U3MEPSICMOl B HAIIPABJIICHUU IBWKCHUS pe3aHus. Ha xapakrtep kojeOaHWH, a ClIeJOBaTEIbHO,
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Ha BOJIHUCTOCTh CYIICCTBCHHOC BIIMSHUC OKa3bIBACT )KECTKOCTh TEXHOJIOTHYECKOH crcTeMbl. Hanbompiias Bo-
HHUCTOCTb, KaK MPaBUIIo, 00pa3yeTcs npu 00paboTKe 3ar0TOBOK MaJIoi )KeCcTKOCTH [2].

IIpu ToueHun ¢ MOy IUPOBAHHOM MOAAUYEH B pe3yJIbTaTe HAJIOKEHUS ACHHXPOHHOM CHUJIbI, BO3HUKAIOIICH
NP M3MEHEHUH IOJAa4YM OJHOTO M3 PEXYIIUX WHCTPYMEHTOB, HA CHCTEMY, HAXOMAIIYIOCS B KoJeOaTeIpHOM
JBIDKCHNH, KOJICOaHMS racATcs, YTO JOJDKHO MIPUBECTH K 3HAYNTEIHFHOMY YMEHBIIICHHIO TIPOOIEHOI BOJTHHUCTOCTH.

DKCIEpUMEHTAIBHBIC MCCIICIOBAHMS BBIOIHSUIMCH C UCIIOIB30BaHUEM CTaHKa Moa. 1A734D3, ocHarieH-
Horo ycrporictBoMm UITY ¢ pyHkmmel He3aBUCUMOTO YIPAaBIEHUS CYNNOPTaMH U PYHKITHEH MOIYIHPOBAHHOTO
n3MeHeHus nojgayr. OGpabaThiBaiach HApyKHask MOBEPXHOCTH BTYJIOK u3 crand 40XH (mivHa Brynku 145 mm,
HapyxHbiid tuametp 150MmM, BHyTpeHHHU#T 135MM) NpH KOHCOJIBHOM 3aKPEIUICHUH B ATPOHE U YacTOTE Bpalle-
Hus mmuHAens N, = 25506/mun. O6paboTka Benach peslaMy ¢ MCXaHHYECKUM KPEIUICHUEM ILIACTHHEI TBEPAOTO
crutaa T15K6. I'eomerpuueckue napameTps! pexyineit yvactu: Y=8% a =12; ¢ =95; ¢,=5% r, = 0,8mm.
B kadecTBe CMa3bIBAMOMICH OXJIAXKIAIOIICH KUAKOCTH IpUMeHsuIach amyiscus HI'JI-205. O6pabareiBanuch aBe
mapTHM 3aroToBOK. HapyxHas MOBEPXHOCTh 3arOTOBOK MIEPBOW mMmapTud 00padaTeiBanach TOUYCHHEM
C JIereHueM TiyOuHBI pe3anus. YepHoBOW pabouuii xo ¢ riryOuHOM pe3anus t = 2,5 MM B CKOPOCTBIO pe3a-
Hust v = 120,9M/MUH BBIMOTHSIICS PE3IOM, YCTAHOBJICHHBIM B PEBOJBBEPHON TOJOBKE IPABOrO CYIIIOPTA.
Pe3ser, ycTaHOBJIGHHBIN B PEBOJILBEPHOI FOJIOBKE JICBOI'O CYIIIOPTA, BHIIOJIHSI YUCTOBOM paboumii X0 ¢ riryOu-
Hoit pe3zanus t = 0,5mm. CropocTh pe3anus npu 3ToM coctapisiia 120,1m/MuH. 3aroToBKY IepBO MapTHH ObI-
U pa3OUTHl HAa TPU Tpymmbl. ToYeHHWE HAPYKHOM MOBEPXHOCTH 3arOTOBOK TIEPBOI FPYITITBI OCYIIECTBISIIOCH
MOCIIeZI0BATENBHO (ITOCIEe YePHOBOM 0OpabOTKH HAPYKHOW MOBEPXHOCTH BTYJIKH PE3IOM, YCTAHOBJICHHBIM Ha
TPaBOM CYMIOPTE, BKIOYAJICSA B pabOTy YHCTOBOM pe3ell, yCTaHOBIEHHBIN Ha JIEBOM cymmopre). HapyxkHas mo-
BEPXHOCTH 3aTOTOBOK BTOPOM IPYIIIBI 0OpabaThiBaiach COBMECTHO IBYMsI pe3liaMu (Ha4airo v KoHer pabodero
Xo/1a I 000MX CYIIIOPTOB CHHXPOHU3UPOBaHE). IIpu 06pabOTKE 3arOTOBOK TPETEH IPYIIIBI YEPHOBOM pabo-
YUK XOJ| BBITIOJHSJICSA C MOAYJIMPOBAHHOW TMOAAYeH, CpeIHEEe €€ 3HAYCHHE PABHSJIOCH T0/1a4ue, C KOTOPOil mepe-
Mellancs YUCTOBOM pesell.

Ipu 06paboTKe 3ar0TOBOK BTOPO# MapTHu ObLIa peann30BaHa CXeMa TOueHHs ¢ JesieHueM mogayun (oba
pabo4nx X0/1a BBIMOIHINCH ¢ TIyOUHOM pe3anus t = 3 MM H ckopocThio pesanust v = 120,1m/mMuH). 3arotoBKu
9TOW mapTuu ObLIM Pa30UTHI HA JBE TPyIIbl. HapyKHBIC HOBEPXHOCTH BTYJIOK MEPBOW MapTUU 00padaThIBAIUCH
JBYMsI pe3llaMi COBMECTHO C IMoJiaucii, KOTopas Ha3HAa4YallaCh U3 YCJIOBHUS 0OCCIICUYCHUS TCXHOJOTHUCCKUX Tpe-
OoBaHwMii Kk mporeccy pe3anus. [Ipu 00paboTke HApyKHBIX MTOBEPXHOCTEH BTYJIOK BTOPOW TPYIIBI pe3ell, ycTa-
HOBJICHHBIM B PEBOJIBBEPHOM T'OJIOBKE IIPABOIrO CYMIIOPTA, MEPEMEILACS ¢ MOLYJIMPOBAHHOM MoAauel, cpenHee
3HAYCHHE KOTOPO# OBLTO paBHO TMOaue pe3iia, yCTaHOBJIEHHOTO Ha JieBoM cymmopTte (puc. 3).

CILUTONIHAS JIMHHSA — ¢JIel BEPIINHEI Pe3la, padoTaniero ¢ MOCTOSHHO moavei;
NYHKTHPHAsI JIMHUS — ¢ MOYJIMPOBAHHOI nmoxayei

Pucynok 3. —CxeMma cJIe/I0OB BEPIIMH Pe3HOB HA Pa3BepTKe HAPY:KHOI MOBEPXHOCTH BTYJIKH
TPH COBMECTHOM TOYEHHH ABYMSI pe3liaMHu ¢ JeJeHrneM Moaavu

3anrch MUKPOHEPOBHOCTEH 00paboTaHHON MOBEPXHOCTH MPOBOAMIACH Ha MpodumoMerpe-npodumorpade
moz. 253.11lepoxoBaTocTh MOBEPXHOCTH OLICHMBAJIACH 10 3HaueHWsIM Rz u Ra. IIpomosibHasi BOIHUCTOCTD 3aITH-
ceiBasiach Ha kpyriomepe Tolurond Awurnus). ['paduku CTPOWIKHCH MO CPEIHUM 3HAYEHHSIM, MMOJTy4ECHHBIM
B pe3yibTaTe 00pabOTKU TPUALIATH U3MepeHuid. VIHTepBallbHAS OLICHKA CPEIHEr0 3HAUYCHUS, a TAKIKE CPABHCHHE
JUCIIEPCHI M CPEIHMX 3HAYEHHUIM N3MEPEHHUI IIPOU3BOIUINCH COrIacHo [5].

YCTaHOBIICHO, YTO MPH TOYCHUU BYMS PE3LaMU COBMECTHO C JICJICHHEM TIIyOWHBI pe3aHus 3HaYeHus Ra
MEHBIIIE [T BapHaHTa BBIMOJHEHHS YEPHOBOrO pabodyero xojaa ¢ MOAYJIMPOBaHHOW moxayeit. [Ipudem addekr
YMEHBIICHHUS [IEPOXOBATOCTH HAKOOJIEE IPKO MPOSIBISETCS MPU MEHBIINX 3HaYeHUssX nojaun (puc. 4). Jlanaoe
SIBICHHE MOXXHO OOBSICHHTH TEM, YTO IpPH 00pabOTKe MBYMs pe3laMH OJHOBPEMCHHO B3aWMOJICHCTBYIOT IBa
HECTAIMOHAPHBIX TI0 CBOCH MPHUPOJIC MPOLECCa PE3aHUs, ONMPEICIIEMBIX PAIOM CUCTEMATHYSCKUX U CITyJaiHBIX
(akropos. [Ipu 3ToM HaOIOIAIOTCS PE30HAHCHBIC SBICHUS, YTO MPUBOIUT K BOSHUKHOBCHUIO BHOPALUi U, KaK
CJICJICTBHE, K YBEIHUUCHUIO IIEPOXOBATOCTH 00pPabOTaHHON MOBEPXHOCTH. DTO MOATBEPIKIACTCS PE3yIbTaTaMU
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BBITIOJTHEHHBIX HCCIIEA0BaHUI (IEPOXOBATOCTh MOBEPXHOCTH, 0OPabOTAHHON JBYMs pe3laMH IMOCIIEA0BaATEb-
HO, 3HAYUTEIBHO HIDKE IEPOXOBATOCTH MOBEPXHOCTH, 00pabOTAHHOW JBYMsl pe3llaMH COBMECTHO). IIpu BbI-
MOJIHEHUH YEPHOBOTO paboyero Xoja ¢ BKJIIOYEHHEM B MPOLECC Pe3aHHs KUHEMATH4eCKOW HeCTaOMIbHOCTH
B pe3ysibTaTe HAOXKEHUs] aCHHXPOHHOW CHIIbI, BO3HHKAIOIICH NpPU W3MEHEHHH IMOJa4yH, HA CHCTEMY, HaxoJs-
IIyIocs B KOJIEOATETLHOM JIBIDKEHUH, KOJICOAHMS TacsATCs, IMIEPOXOBATOCTh 00pabOTaHHOW MOBEPXHOCTH TPH
9TOM yMEHbIIAETCS.

Ra, mxm

2.4

2,0

1,6

12
0,1 0,2 0,3 0,4 o MM/dB

1 —o00a, 4epHOBOIi M YHCTOBOIi, padoune X0/1a BbINOJHEHBI M0CIEI0BATEIBHO;
2 —4epHOBOii pa6ouHii X0/ BbINOJTHEH ¢ MOAYIMPOBAHHOM M0Aa4Yeil COBMECTHO C YHCTOBBIM PafounM X0/I0M;
3 —06a paGoune X012 BHITIOJIHEHBI COBMECTHO C MOCTOSIHHOI mojavei

PucyHnok 4. —3aBucumMocTb cpegHero apugMeTH4ecKOro oTkJIoHeHus npopuias Ra
OT NOa4M NPH TOYCHUH ABYMs pe3laMH ¢ JeJieHHeM ITyOMHbI pe3aHust

Awnanus psjaa BoiHorpamm (puc. 5) mokasan, uto mpu 06paboTKe ¢ MOAYJIHUPOBAHHOM Mojaueil BhICOTA
MIPOIOJIHFHON BOJTHUCTOCTH 3HAYMTENILHO MEHBIIE, YeM TpHu 00pabOTKe ¢ MMOCTOSIHHOW ToIaueid, paBHOM Cpej-
HEMY 3HAYCHHUIO MOIYTHpPOBaHHOW. [IpudeM 3Q(QEKT YMECHBIICHUS BBICOTHI BOJIHUCTOCTH M3MEHSCTCS IO MEpe
TepeMeIIeHHsT pe3ila Mo [UIHHE 3ar0TOBKU (0 Mepe M3MEHEHHs JKCCTKOCTH TEXHOJIOTHYECKOW CHCTEMBI).
C yMeHbIIICHHEM PACCTOSHHS OT TOUKH HPHUIIOKEHUS CHIIBI PE3aHus 10 YCTAHOBOYHOU 6a3bl 3aroToBku (puc. 6)
3¢ (exT YMEHBIICHNS BRICOTH POAOIBHON BOJHUCTOCTH MPOSIBIISICTCS B MEHBIEH cTeneHu. [ paduk mocTpoeH
M0 CPEAHUM 3HAYEHUSIM TPUIALATH 3aMEPOB.

Trai458 WAOE 1N any,

mag O FILTER

TALYROND
“

AGH O FILTER

TALYROND
1

Ra G
L Tavion woagon L5

a o0

a —4epHOBON padoumii X0/ BbINOJIHEH C HOCTOSIHHOM NMoJaveii; 6 —c MOy IMPOBAHHOI

PucyHok 5. —Bo/1HOrpaMMbI IPU TOYEHUH HAPYKHBIX IOBEPXHOCTEl BTY/I0K
ABYMS Pe3LiaMH C JieJIeHHeM I1yOMHBI pe3aHus
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W,, MKM

4 _—

2

0 20 40 60 80 L, %

1 —4yepHOBOIi M Y CTOBOIT paGoyue X0/bI BHINOJTHEHBI NOC/IE10BATETLHO;
2 —4epHOBOii pa6o4Hii X0/ BbIIOJIHEH ¢ MOAYJIMPOBAHHON M0Aa4Yeil COBMECTHO € YHCTOBBIM PafounM X0/I0M;
3 —006a paGoune X012 BHINIOJIHEHBI € MIOCTOSIHHOM NM0/1a4€il COBMECTHO

Pucynox 6. —Biansinue JJIMHBI KOHCOJIM HA BBICOTY MPOJ0ILHON BOJIHHCTOCTH
NPH TOYEHHUH € JeJIeHUeM INIyOHHbI pe3aHus

OKcIieprMeHTaIbHBIE HCCIISOBAHMUS IIPOIIECCa TOUCHHS ABYMS pe3LaMH ¢ JeTICHIEM OIaqH BBITIOTHEHBI
npu 06pabotke BTYI0K u3 crand 40XH (pasMepbl BTYJIOK M PEKHMBI pe3aHusl yKasaHsl Beiiie). Hekotopble ya-
CTHBIEC 3aBHCHMOCTH ITapaMeTPOB MIEPOXOBATOCTH IPH TOUSHHUH ABYMS PE3MaMHU COBMECTHO C JICIICHHEM IT0IaYH,
TIOJTyYIEHHBIC KIIACCHIECKUM MeTO10M (MeTomoM I"aycca — 3oiimenst), mpeacTaBIeHBI HAa PUCYHKE 7.

Rz, Mxm Ra, mxm
6 2
1 1
C ?__,(
‘ 1o 7
C 2 2
2 ‘ 1,2
0,1 0,2 0,3 o, MBI/00 0,1 0,2 0,3 0, MBI/00
a o0

1 —yepHoOBoOii pado4uii X0/ BHINOJHEH C MOCTOSIHHOM NoJa4eii; 2 —c¢ MOIYJUPOBAHHON NMogayei

PucyHok 7. —3aBHCHMOCTb BbICOTBI MUKpOHepoBHocTeil RZ (a)
U CpeaHero apupMeTHYECKOro OTKI0OHeHus: mpoduist Ra (6) o mogauun
NPH TOYEHUH IBYMsI pe3llaMi COBMECTHO C eJIEHHEM MOAaYu

B pe3yiibTaTe BBIMOJHEHHBIX 3KCIIEPHMEHTOB YCTAHOBJIEHO, YTO BKJIKOUCHUE B MPOILECC PE3aHUS OJHUM
U3 PE3I0B MOJYJIUPOBAHHON MOJa4YK 00ECMEeYNBACT YMEHBIIIEHHE IEPOXOBATOCTH 0OpabOTaHHOU MOBEPXHOCTH
U HAJIEXKHOE APOOJICHHE CTPYKKU. Y MEHBIIEHUE IEPOXOBATOCTH, KaK U MPU TOYCHUH JBYMSI PE3LAMHU C Jeiie-
HHEM [IyOHHBI pe3aHusi, 00YCIOBICHO CHIDKCHHEM YPOBHsI BUOpPAIMii TEXHOJOTMYECKOW CHCTEMBI 3a CUET
YMEHBIICHHUS BEPOSTHOCTH BO3HUKHOBEHUSI PE30HAHCHBIX SIBICHUH MMPU HAJIOKEHHUU JPYT HA JAPYyra OJJHOPOHBIX
npoiieccoB pe3anusi. HanexxHoe npoOsieHne CTPYyKKH 00ECleuUBaeTCs 3a CUET MEPHOANYECKOro COBIAICHUS
MOBEPXHOCTEH pe3aHusi 000X PE3IIOB.
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2017 BECTHHUK I1OJIOLIKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCHUTETA. Cepus B

BrnusiHue nmapamMeTpoB 10/1auu Ha BEJMYHMHY CpelHero apudmerndeckoro oTkioHeHus npodwist Ra npu
BKJIFOUCHUH B IPOLECC Pe3aHMs OJHUM M3 PE3L0B KWHEMAaTHYECKOW HECTAOMIBHOCTH HCCIEIOBAIN 10 METORY

HOJMHOTO (haKTOPHOTo IKcrepuMenTa 2°. [lepeMeHHBIME (DaKTOPAMH SIBIISIKCH: 110/1a4a PE3La, YCTAHOBIECHHOTO
Ha JICBOM cymmopre S, MM/00; k0d3GUIHEeHT MOAYIMPOBAHHOTO M3MEHEHHs [0/[a4i Pe3lid, YCTAHOBICHHOTO

Ha MpaBOM CYIIIIOPTE KM; JJIMHa 06pa6OTKI/I, COOTBETCTBYIOI[AsA UBMCHCHHUIO IOAaYX MCKAY €€ IMMKOBbIMH 3HA-

gyeHusaMu |, MM. OCHOBHbIE XapaKTEPUCTHKH IIaHA SKCIIEPUMEHTOB NPHBE/CHbI B Tabuue 1.

Tabmuna 1. —®akTopkl, ypOBHU U HHTEPBAJIBI BAPbHPOBAHHS

Vposets Konuposannoe Pakrop
3HauCHHE %, (S,, Mm/06) %(K,) %3 (1, Mm)
WHTepBasbl BApbUPOBAHMS: 0,15 0,2 0,4
- OCHOBHOI1 0 0,25 0,6 0,8
- BepXHHI +1 0,4 0,8 1,2
- HIDKHHAHA -1 0,1 0,4 0,4

IMogaua neBoro cynmopTa S ompeAemseT NPOU3BOIUTEIBHOCTE 00pabOTKH IIPH COBMECTHOH paboTe IByMsI

CymnnopTaMu U NpuHUMACTCA HEC MCHEC IMOJIOBHUHBI pacquHoﬁ rnoJaavu, KOTopasi Ha3HAa4Ya€TCA U3 YCIIOBUA obec-
NCYCHUA TCXHOJOTHYCCKUX Tpe6OBaHI/II71 K IMpoHeccy pe3aHus.
KOS(i)(l)PIIII/IeHT KM PaBCH OTHOLICHWIO HUKHCTO IMMKOBOI'O0 3HAYCHUS MMOJAaYU K €€ BEPXHEMY IMMUKOBOMY

3HaueHu0. PaKTUYECKH HWKHUH M BepXHUM ypoBHM K onpenensioT MUKOBble 3HAUEHHS MOAYJIMPOBAHHON

nojgayu Ha 060p0TLI So u So , KOTOPBIC HAa3HAYaroTCA U3 YCJIIOBHA, HTO UX CPCAHAA CyMMa NOJLKHA OBITH

paBHa mojade Ha 000poT S, pe3la, paboTAaOMIEro ¢ MOCTOSHHON TTOgaueH.
Jnuna 06paboTku |, Ha KOTOPOH MPOMCXOMUT M3MCHEHHE NMOAAYU MEXIY €€ NMHUKOBBIMH 3HAUCHUSIMHU

(muHa mMyTH pa3roHa — 3aMeJICHHS), OMpPEAeIAeT YaCTOTy MOAYIsAIME mojaun. [1o manueM [6], addexr ot
MeToa 00pabOTKH ¢ MOTYTHUPOBAHHON TOAaYeH MOXKET OBITh MOJYICH IPU YACTOTE MOIYJSAIUU OKoJIo 2,751 .
Bennuuna |, mist yka3aHHOH 4acTOTBI MOJYJISALME MOXKET U3MEHAThCS B npesernax ot 0,410 1,2mm.

Martpuria miaHuPOBaHUS U PE3YJIBTATHI MTOJHOTO (PAKTOPHOTO IKCICPUMCHTA MPHUBEICHBI B TaOIUIE 2.
DKCIIEPUMEHT MPOBEJACH C yYETOM PaHIOMH3AIMU OIBITOB. Bece pacueTsl, HEOOXOMUMBIC IS OTIPEC/ICICHUS BE-
JIMYMHBL CPETHEKBAAPATHIECKOM ONIMOKH OIBITA U 3HAYMMOCTH KOD((PHUIIUEHTOB, BBIIIOJHEHBI COrIacHO [5].

Koadpummentsr perpeccun pasuel: by = 1,712; b =0,337; b, =-0,050; b,= 0,012; b1,2 =0,000125;

b, = -0,0125;b, , =-0,015; b, ,=-0,015.

C y4ueToM 3HaYUMOCTH KO3 (PPHUIUEHTOB PErpEeCCHN MaTeMaTHIeCcKast MOJIEIIb UMEET BUJT

y=171+ 0,34 - 0,08, + 0,012. (1)
Tabnuua 2. —MaTpuila IIIAHUPOBAHUS U PE3YIBTAThI OIBITA
% X X, X, Y | Yi2 Yi
MKM

+1 -1 -1 +1 1,49 1,43 1,55
+1 +1 -1 +1 2,14 2,10 2,12
+1 -1 +1 +1 1,31 1,37 1,34
+1 +1 +1 +1 2,02 1,94 1,98
+1 -1 -1 -1 1,39 1,43 1,41
+1 +1 -1 -1 2,03 2,09 2,06
+1 -1 +1 -1 1,32 1,26 1,29
+1 +1 +1 -1 2,01 2,07 2,04

AJIeKBaTHOCTbh YpaBHEHHS NPOBEPEHA U MOATBEPXKACHA 1Mo KpuTeputo @umiepa. B ypasuennu (1) pakro-

PBI IPEACTABIICHBI B KOJJOBBIX 3HAYCHUAX.
HOHBBy}ICB 3aBUCHUMOCTSIMH.

_S,- 0,15
0,15

—_— KJi B 0'6

0,2
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nosyduM ypaBHeHue (1) B HATYpaJbHBIX BETHYHHAX:

Ra=1,27+ 2,26, - 0,28 + 0,0%. )

Vpasuenue (2) cnpaBeqiuso s 3Hauenuit S, K, |, B BBIOpaHHBIX peenax BapbUPOBAHMSL.

a0

AHanu3 MoJy4eHHOM MareMaTuueckoil Mojeu (2) moKa3bIBaeT, YTO HAUOOJIbIEe BAMSHUE HA HIEPOXO-
BATOCTh 0OpPabOTAHHON MOBEPXHOCTH OKA3hIBACT 3HAUCHHUE MOJAYN S,, ¢ KOTOPOH IepeMeIaeTcs JIEBbIH CyI-
nopt (¢ ee yBEJIMYCHHUEM IIEPOXOBATOCTH Bo3pacraer). MeHbIle BIHSIET HAa BEIUUYUHY MUKPOHEPOBHOCTEH KO-
sdpouuent K, MOXyIHpOBaHHOrO M3MEHEHUS MOJAYH PE3Ld, YCTAHOBIEHHOTO Ha mpaBoM cymmnopte. [Ipu ero

YMEHBIIICHUH IEPOXOBATOCTh 00PaOOTAaHHOH MOBEPXHOCTH YBEIIMIHBACTCS.

3akaioueHue. BximoyeHne B cOCTaB TEXHOJIOTHYECKOTO IMPOTPAMMHOTO 00ECIIeYeHUsI MUKPOIIPOIIECCOp-
HbIX ycTpoiictB UITY nporpaMmMHOTro MOAysIsl, peayiu3yIOIEro airOpuTM MOIYJIMPOBAHHOTO U3MEHEHHUS 110/1a4H,
pacmmpsieT GpyHKIIMOHAIEHBIE BO3MOXKHOCTH TEXHOJIOTHYECKOTO 000pynoBaHusA. [ TOKapHBIX CTAaHKOB C He-
3aBHCHMBIM YIPaBJICHHUEM CYIIIOPTaMH 3TO BBIPA)KaeTCsI B BOZMOYKHOCTH CO3JaHHS CXeM COBMEIIECHU, obecte-
YHBAOLIUX TIOBBIIICHUE TPOU3BOIUTEIBHOCTH 00Pa0OTKHU IPU H3TOTOBJICHUH HEKECTKUX JCTAJICH.

BcenencTBue MOBBIICHUS! YCTOHYHUBOCTH TEXHOJIOTUYCCKON CUCTEMBI K aBTOKOJICOAHUSAM B MpoIecce TO-
YeHHs JIByMsl pe3liaMu (COBMECTHO) C JIeJICHHEM TIyOUHbBI Pe3aHus U COOOIIEHHEM YEPHOBOMY PE3Iy MOIYIIH-
POBAaHHOW TOJAa4Yll YMEHBIIACTCS IICPOXOBATOCTh W MPOIOJbHAS BOJHHUCTOCTh 0OpPaOOTaHHON IMOBEPXHOCTH.
HauGounbliee BOusHEE Ha IIEPOXOBATOCTh MOBEPXHOCTH, 00pabOTAaHHON ABYMs pe3llaMU C JICJICHUEM IOIauH,
OKa3bIBaeT I0Jaua S pesla, COBEPIIAIOIIEero PABHOMEPHOE ABIKeHHe (C yBennueHneM S, Hablirogaercss poct

3HavyeHwnit Ra). [inuna mytu pasrona (3amemienusi) |, B untepsane ot 0,4 1o 1,2 MM Ha mIepoxoBaTocTs 06pabo-

TAHHON MOBEPXHOCTH BIMSIET HE3HAUUTEIHHO M MOKET Ha3HAYaThCS TOJNBKO W3 YCIOBHUS IMOBBIIICHUS YPOBHA
BHOPOYCTOHYMBOCTH TEXHOJIOTHIECKON CHCTEMBI.
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ROUGHNESS AND WAVINESS OF SURFACE SURFACES PROCESSED
ON TWO SUPPORT LATHES WITH NUMERICAL SOFTWARE CONTROL

I. KASYTALYAN, B. ORUKARI

The problem of increasing the productivity of two support lathes with numerical program control
by optimal combination of various technological transitions is considered. The results of experimental studies
of the roughness and undulation of the surfaces of machine parts treated with two incisors together with
the inclusion of kinematic instability in the cutting process are presented.

Keywords: surfaces of parts, roughness, waviness, two support lathes with numerical program
software control.
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