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OCHOBBI ®OPMHUPOBAHMS OFPABOTAHHOM IIOBEPXHOCTH ITPH ®PE3EPOBAHUN
TOHKOCTEHHBIX JIETAJIEA

OCHOBHOI 0COOCHHOCTBIO Iporiecca 00pabOTKM TOHKOCTEHHBIX IeTajel sIBIIeTCs NMPEPBHIBUCTBIA Xapakrep (pe3epoBaHMs, BBI3BAHHBIA MaJIbIMU
pajMaIbHBIME M OCEBBIMH ITyOMHAMH pe3aHus. IMEHHO 3TO SBIISETCS OCHOBOIIOJAraloM (aKTOPOM, BJIHMSIONIMM Ha Ka4eCTBO HOBEPXHOCTH IIPH
¢pe3epoBanun. PaccMoTpeHs! 0cHOBEI hopMHpoBaHus podust 00paboTaHHOM MOBEPXHOCTH NPH (hpe3epOBaHNH TOHKOCTEHHBIX JeTaliei. VccnenoBan
XapakTep KOJIe0aTeIbHOrO JBIKECHUS] TOHKOCTEHHOH JETallM IIPU Pa3MYHbIX CKOPOCTHBIX yCIOBUsIX 00padorku. IIpennoxeHa pacnmpeHHas cxema
NOBEACHUS] CHCTEMbl B Pa3lIMYHBIX CKOPOCTHBEIX YyCJIOBHAX 00paboTku. Iloka3aHo, kak 3TH OCOOEHHOCTH CBs3aHBI C HapaMeTpaMH KadecTBa
00paboTaHHON MOBEPXHOCTH. DKCIEPUMEHTAIBHO JOKA3aHO, YTO IIPH 00pabOTKE TOHKOCTEHHBIX JeTaleil HIMEHHO BBIHYXKICHHBIC KOJIeOaH s BHOCSIT
JIOMUHUPYIOLHU# BKIa B popMupoBaHue Npoduiist 06paboTaHHOI MTOBEPXHOCTH, KaK B CKOPOCTHOI 30HE IOSIBJICHUS PereHepaTHBHBIX aBTOKOJIe0a HHUIA,
TaK ¥ P BBICOKOCKOPOCTHOH 00paboTke. ABTOKOIe0aH s CIOCOOCTBYIOT CHHIKEHHUIO KauecTBa 00pabOTKU B ONpeIeICHHOM CKOPOCTHOM JHaIa3oHe,
HO MX HEraTHBHOE BIMSHUE MOXET OBITh MHOTOKPAaTHO YCHJICHO PE3OHAHCHBIMH sIBICHHsAMHU. IlapameTpsl mpo¢muis oOpaGOTaHHOI HMOBEPXHOCTH
3aBUCAT OT pa3Maxa KoJeOaHUH TOUKH BPe3aHUsl OTHOCUTENILHO MOJIOKEHUS PABHOBECUS 1€ TAJIH.

KiioueBble €JI0Ba: TOHKOCTEHHA IETalIb, yIPYTas CHCTEMa, pereHepaTUBHEIC aBTOKOJICOaHHs1, BHICOKOCKOPOCTHAs 00paboTKa, TOUKa Bpe3aHus,
AMILINTY A,

A. I. TEPMAIIIEB, B. 0. JOTOMIHOB, O. b. KO3JIOBA, B. 0. KPUIIITAJIb
OCHOBU ®OPMYBAHHSI OBPOBJIEHOI IMOBEPXHI IPH ®PE3EPYBAHHI TOHKOCTIHHHUX
JETAJIENA

OCHOBHOIO OCOOJIHBICTIO TIPOLIECY 0OPOOKH TOHKOCTIHHMX JIeTalell € MepepuBYacTHii XapakTep (pe3epyBaHHs, OB’ A3aHUI 3 MATUMU PafiallbHUMH i
OChOBMMH TITHOMHAMHU pi3aHHs. CaMe 1ie € OCHOBHIM YHHHHUKOM, 10 BIUTUBAE Ha AKiCTh MOBEPXHI npu ¢pesepyBanHi. Po3risHyTo ocHOBM (hopMyBaHHS
npodiso 006pobIieHol MoBepXHi pH hpe3epyBaHHI TOHKOCTIHHUX AeTaei. JlocmimKkeHo XapakTep KOJIUBAJIbHOr0 PyXy TOHKOCTIHHOI AeTai IPH Pi3HUX
IIBUJIKICHUX YMOBax 0oOpoOKH. 3ampornoHOBAaHO PO3IMIMPEHa CXeMa IMOBEJiHKH CHCTEMH B Pi3HHMX IIBHUAKICHUX yMoBax oOpoOku. ITokasaHo, siK wi
0COOJMBOCTI MOB'SI3aHi 3 MapaMeTpaMu SIKOCTI 00po6IIeHOi moBepXxHi. ExcriepuMeHTanbHO JOBEACHO, 10 MpH 00poOLi TOHKOCTIHHHX AeTaneil came
BUMYIIICHI KOJIMBAHHS BHOCATh JIOMIHYIOUHI BHECOK B (popMyBaHHs Mpodisito 00podIeHol MOBEPXHi, K B IIBUIKICHUH 30Hi MOSBU PEreHepaTUBHUX
ABTOKOJIMBAHb, TaK i B YMOBAaX BHCOKOIIBHMIKICHOI OOpOOKH. ABTOKOJMBAaHHS CIPUSIOTH 3HIKEHHIO SIKOCTI OOpOOKM B IEBHOMY MIBUAKICHOMY
JliarnasoHi, aje X HEraTHBHUW BIUIMB MOXKe OyTH 0araropa3oBO MOCHJICHA PE3OHAHCHMMH sBHINaMu. [lapamerpu npodimo oOpobiaeHoi moBepxHi
3aJ1eKaTh BiJl po3Maxy KOJIMBaHb TOYKH BPi3aHHS 1100 MOJIOKEHHS PIBHOBArH AETAai.

Karo4oBi ci10Ba TOHKOCTIHHA JeTajlb, NMPYXKHS CHUCTEMa, PEreHEpaTHBHI ABTOKOJIMBAHHS, BHUCOKOIIBHJKICHa 00poOKa, TOYKa Bpi3aHHS,
aMILTTYyaa.

A. 1. GERMASHEV, V. A. LOGOMINOV, Y. B. KOZLOVA, V A. KRISHTAL
BASES FOR FORMING THE PROCESSED SURFACE WHEN MILLING THIN-WALL PARTS

The main feature of the processing of thin-walled details is the intermittent nature of milling, caused by small radial and axial depths. This is the
fundamental factor affecting the quality of the surface during milling. The fundamentals of formation of the profile of the machined surface for milling
thin-walled parts are considered. The nature of the vibrational motion of a thin-walled component under different high-speed processing conditions is
studied. An extended scheme of the system behavior under various high-speed processing conditions is proposed. It is shown how these features are
related to the quality parameters of the treated surface. It has been experimentally proved that when processing thin-walled parts of a complex shape, it
is the forced oscillations that make the dominant contribution to the formation of the profile of the treated surface, both in the high-speed zone of the
appearance of regenerative self-oscillations and in high-speed processing. Self-oscillations contribute to a decrease in the quality of processing in a
certain high-speed range, but their negative effect can be repeatedly amplified by resonant phenomena. The parameters of the profile of the treated
surface depend on the amplitude of the oscillation of the insertion point relative to the equilibrium position of the workpiece.
Keywords: thin-walled part, elastic system, regenerative self-exited oscillation, high-speed processing, point of tooth entrance, amplitude.

Beenenune. ®dpeszepoBaHne TOHKOCTEHHBIX JeTaslel
SIBIISIETCS OTHMM M3 HOBEHININX 3TAIIOB B HCTOPUH PE3AHUS
MetaioB  [1-2].  BoO3MOXHOCTH  Takoro  Meroja
(opMo0oOpa3oBaHUs OBEPXHOCTH, IPOM3BOIUTENILHOCTD U

[IpoGmemsl, crosfmue HAa MHyTH  HOJNYYEHUS
ONTUMAJIEHOH TeOMEeTpHUIeckoil (opMbI H KadecTBa
TIOBEPXHOCTH J€TaIN, MOXHO Pa3JeIUTh Ha TP IPYIIIIBL.

IlepBoii, oOmenpuHsATON B  3apyOeXHOH U

SKCIUTyaTaIlMOHHBIE TPEHMYIIECTBA H3TOTaBIMBAEMBIX
JIETaJIed, BBIBEJIM €r0 HAa OJAHY M3 JIMJIUPYIOLIMX MO3ULMNA
[0 TOMYIAPHOCTH CPEON MPOIECCOB MEXaHHYECKOM
00paboTku. Hcmomp30BaHUE TOHKOCTEHHBIX AJIEMEHTOB
nerajield  Hamboiee  IIMPOKO  pACIpOCTPaHEHO B
aBHAKOCMUYECKOMN oTpaci, e OJTHOBPEMEHHO
MIPEIBSBISIOTCS KAK TTOBBIIICHHBIE TPEOOBAHMS K HU3KOM
Macce W TPOYHOCTH KOHCTPYKIMHA, TaK W K KadeCTBY
00pabaThIBaeMBIX TTOBEPXHOCTEH. HsrorosieHue
MOJJOOHBIX JIeTaJeld OCYMIECTBISACTCS IyTEM YHAICHHUS 10
90% mpumycka 3aroTOBKH, HYTO JHUKTYeT OCTPYIO
HEOOXOIUMOCTh B BBICOKOM  IPOM3BOAMTEIEHOCTH
JaHHOorO mporecca [2].

OTEYECTBEHHOH JHTEpaType, SIBISETCS aBTOKONeOaHUs (B
AHTJIOSN3BIYHON JTepaType «chatter»), BOSHHKAIOIIUE B
mpolecce pe3aHus, W BEOyIIHe K MEPHOAUIECKOMY
W3MCHEHHIO CHIIBI PE3aHUs, IIOJIOKEHHS WHCTPYMEHTA
VWM JIeTalld, CYIIECTBEHHOMY YXYALICHHIO KadecTBa
MOBEPXHOCTH 1 MOBBIIIICHHOMY U3HOCY HHCTpYMEHTa. J{iis
CHID)KEHHS HETaTHBHOTO BIHSHHS aBTOKoJeOaHmil Obuia
pa3paboTaHa «pereHepaTHBHAs TEOPHs», IO3BOJISIOMIAS
paccunMTaTth TpaHUIy YCTOHYMBOCTH CHCTEMBI NP
ONPEACNeHHON dYacToTe BpameHns mmuHaens. Coe
Hadajgo mojxonm Oeper B 50-x romax XX Beka H
OCHOBBIBACTCSl HA YKJAJKE PEreHEpaTHBHBIX BOJH Ha
MoBepxXHOCTH pe3anus. IlomaBisromee OONBIIMHCTBO
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nccienoBaTenell CKIOHAETCS UMEHHO K TaKOMY CIIOCco0y
CHWDKEHUSI BUOpAIMil P pe3aHuH.

Ko Bropoil rpymnme MOXHO OTHECTH OTKJIOHEHHE
00paboTaHHON MTOBEPXHOCTH OT HOMUHAJIBHOTO MPO(MIIs
(B anrmos3pyHON JHTeparype «surface location errory),
BBI3BAHHOE HEJIOCTATOYHOM JNHAMUYECKOH KECTKOCTHIO
WHCTpYMEHTAa W/WIH JETalld, 4YTO MPHUBOJUT K UX
MIEPHOINIECKOMY OTKJIOHEHHIO B TPOLECCE CTaOMIBHOIO
pe3anus. Takoli MOAX 0/ UCIIOIB3YETCS 3HAUUTEIBHO PEKe,
XOT, 1O MHEHHIO aBTOPOB, OH sBIsieTcss Ooree
TIpUEeMJIEMBIM ISl (hpe3epOBaHMsI TOHKOCTEHHBIX CIIOXKHO-
PO UIIBHBIX JAeTaJeH.

B Tpethro rpymmy mpobiem clienyer OObeIMHUTH
BOMPOCHI,  CBSI3aHHbIE C OWEHWEM WHCTPYMEHTa,
TIOTPEITHOCTBIO TIO3UI[OHUPOBAHUS, N3HOCOM
WHCTPYMEHTA TEMIIEPaTYpPHBIMH B3aUMOJICHCTBHUSMHU U T.JI.

Ecnmn  mocnenHioro  rpynmy  mpoOiieM  MOXKHO
YCTPaHHUTh BBICOKOH KyJIbTYpOW MPOM3BOJCTBA, TO TIEPBHIC
JIBE TPEOYIOT CIIEIMAIBEHOTO MCCIIEIOBaHUS U MOTYT OBITH
PEUICHBI TOJBKO npu YCJIOBHUH HCIIOJIb30BaHUA
COBPEMEHHBIX }IOCTI/I)KCHI/Iﬁ HayKH, pe€ajusalnust KOTOPbBIX
TpeOyeT  JUAarHOCTUKH  JeTalli  Hepel  KaJIbIM
TEXHOJIOTMYECKMM  [EPexXojoM, a  TaKkkKe  ydeT
ocobeHHOoCTel 00paboTKH.

BrisiBrienne OCHOBOIIOJIATAOIINX (axTopoB,
BJIMSIIOIIMX Ha KauecTBO MOBEPXHOCTH NpH (Ppe3epoBaHUN
TOHKOCTEHHBIX JeTajell, TpeOyer sSCHOr0 IOHMMAaHUS
ocobOeHHOCTEW mporecca 00pabOTKH, OCHOBHOW W3
KOTODBIX ABJIACTCA HPEPBIBUCTHIA XapakTep
¢pe3epoBanys, BBI3BAHHBI MAalbIMH pPajdajbHBIMH |
oceBbIMH  TiyOnHamu.  IIpy  BBICOKOCKOPOCTHOM
¢dpe3epoBaHMM  TOHKOCTEHHBIX  JeTajeil  mpouecc
MPOUCXOIUT B YCIOBHAX BO3OY)KAEHHS YIPYIOH CHCTEMBI
(YC) neranu BeIHYKJICHHBIMH KOJCOAHUSIMHU, & Ha MAJIbIX
CKOPOCTAX Ha BBIHY)KICHHBIE HaKJIaJbIBAIOTCS
pereHepaTuBHBIC aBTOKOICOanus [3].

XapakTrep Ko0J1e0aTeILHOT 0 ABMIKEHMS
TOHKOCTEHHOH [eTaau NPH Pa3IHYHBIX CKOPOCTHBIX
YCI0BHSIX odpaboTkm. CxopocTHO# JIMaTa3oH
(dpe3epHOro CTaHKa pa3ZeleH Ha JABE 30HBI, KOTOpPBIE
ONPENeISIIOT ~ YCIIOBHS  (h)pe3epoBaHUS  TOHKOCTCHHOU
Jetanu. B gaHHOM craThe MpenioKeHa pacllupeHHast
cXeMa BO3MOXKHOTO TIOBEACHHS CHCTEMBI B Pa3iIMYHBIX
CKOpPOCTHBIX YCIIOBHSIX 00paboTku (puc. 1).

IIpu dpe3epoBaHny TOHKOCTEHHBIX IETaNICH, BBHIY
MPEPBIBUCTOCTH  0OpabOTKHM, BaXXHBIM  IAPaMETPOM,
KOTOPBI ~ OHpelenseT BO3MOXHOCTh  CYILECTBOBAHHS
aBTOKOJIE0ATEIBHOIO MPOLIECCa, SIBISETCS COOTHOLICHHE
BpPEMEHH pe3aHus - tpe; U Ieproa aBTOKOIEOAHUH qeTanu
- Tw Ecmm Bpemst pesanms Oonblie mepuona
pereHepaTHBHBIX aBTOKOJICOAHUH ETai, CHCTEMa HMEeT

BO3MOXKHOCTH ~ COBEpIIaTh  aBTOKOJNECOAaHHI H B
3aBUCUMOCTH OT BEJIMYHMHBI 3TOrO COOTHOILCHUS Ha
MOBEPXHOCTH  pe3aHus  (QopMHpYyeTcs  pa3iudHoe

KOJIMYECTBO BONH. [IpH 3TOM KadecTBO 0OpabOTaHHOU
TIOBEPXHOCTH OIPENeNseTCs BEIHINHOW pereHepaTUBHBIX
aBTOKOJEOAaHMH — Ra, Tak Kak 4YacThb BOJHHCTOU
MOBEPXHOCTH, OCTABJCHHAs MPEIBIIYIINM 3yO0oM (pessl,
OCTaeTCsl Ha IIOBEPXHOCTHU Pe3aHus U GOpMHUPYET TPOPHITb
00paboTaHHOM MOBEpXHOCTH (pHC. 2).
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Puc. 1 — O0muii Bu1 3aKOHA IBYDKEHUS TOHKOCTEHHOM
JIeTaITN TIPU Pa3IMIHBIX CKOPOCTHBIX YCIOBHAX 00pabOTKH

Bomnneras
LHOBEPXIIOCTD,
OCTaBJICHHAs
TIPC/IHIY M
3yGom

MUH

Tekymee
aBTOKONEDAHHE

_ deramt A
Puc. 2 — ®opmupoBanne 06pabOTaHHON TTOBEPXHOCTH
TOHKOCTEHHOH JIETaJIN B YCIIOBHSX PETeHEPaTUBHBIX
aBTOKOJIE0aHNH

B pabore [4] NpUBOAMTCS METOMOJIOTHS OLICHKU
YPOBHSI pEreHEpaTHBHBIX aBTOKOJIIEOAHMH JeTanu |
II0OKa3aHO, YTO BEJINYMHA aBTOKOJIEOaHUH NMEET BBICOKYIO
CBA3p C TMapaMeTpPOM INIEPOXOBATOCTH 0OpaOOTaHHOM
MOBEPXHOCTH (KOI(PPUIMEHT MapHOW KOPPESIUUU JUIs
BCTpeyHOro ¢pesepoBanusi cocraBisier 0,94, a s
norrytHoro 0,87). Takoif aHanu3 npuMeHUM IS ciny4as |
(puc. 1).

[Tpu BBICOKOCKOPOCTHOM 00pabOTKE TOHKOCTEHHBIX
JleTajied, Koraa BpeMs pe3aHus - the; CTAHOBUTCSI MEHBLIE
nepuoja aBTOKoJeOaHUH aetanu - T, CHCTeMa He MMeEeT
BO3MOKHOCTH COBEPIINTH AK€ OIHOTO KOJIEOATENbHOTrO
JBIDKEHUS 33 BPEMs OTHOTO pe3a, IPH 3TOM, HaJIM4IHE BOJIH
Ha TIOBEPXHOCTH pe3aHus He Habmromaercs. OTCyTCTBYeT
JM aBTOKOJEOAaTEeNbHBIN MpoIlecC MIM Ha IHOBEPXHOCTH
pesaHus ocraercd Manas (pakuus BOJHBI ¢ TOYHOCTBIO
CKa3aTb, OCHOBBIBASCh HAa HMEIOIIUXCS Yy aBTOPOB
9KCIIEPUMEHTANBHBIX JIAHHBIX, HENb3d, HO MOXHO
yTBEpXKIaTh, YTO €CIM HE3HAYMTENbHAsl 0N BOJHBI U
CYIIECTBYET, TO €€ HEJOCTaTOYHO Ui BO30YXIEHHA
aBTOKOJICOAHMH, CIOCOOHBIX IIOBJIMATH HA Ka4deCcTBO
00paboTKH.

TakuM o00pa3oM, TP OTHOCHUTEIHHO BBICOKHX
CKOpPOCTSIX, C  TOYKM  3PEHHWS  pEreHepaTHBHBIX
aBTOKONICOAHWH, pe3aHWe SBISIETCS YCTOHYMBBIM (B
aHTJION3BIYHON JHTeparype «stable cutting»). OmHaxo,
BBICOKOCKOPOCTHOE (pesepoBanme TOHKOCTEHHBIX
3JIEMEHTOB JETajeil BCE pAaBHO SBISETCS OJHOW U3
CIIOKHEHIINX orepanuii mpu oOpaboTKe pe3aHneM BBUIY
BO3HHUKHOBEHUS BHOpAITHiA. CrnenoBaTenbHO,
TIEPBOMPUYNHON ATOTO SBIISIOTCA HE aBTOKOIEOAHUS.

Ha puc. 1 mokaszaHo, 9TO NpH BBICOKOCKOPOCTHOM
00paboTKe TOHKOCTEHHBIX JIeTajel Mpomecc pe3aHus
CMEHSIETCSI CBOOOIHBIM [IBIDKCHHWEM JIETall, BO BpPEMS
KOTOpPOTO JIeTajbh COBEPIIAECT CBOOOJAHBIC 3aTyXaroIlHe
KoneOaHns. BBHAY OTHOCHTENBFHO BBICOKHX CKOpOCTEH
JIeTaJIb HE YCIIEBACT NMPUHTH B COCTOSTHHE TOKOS 32 BPEMS
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XOJIOCTOTrO XO7a W TIOCNeAyrolee Bpe3aHue 3yba (pess
MIPOUCXOUT B KOJEOMIONIyIoCs JeTanb. B 3TOT MOMEHT
¢da3a CcBOOONHBIX KONEOAHMH JIE€TaIH ONpEJeNseT ee
pacIioNo)XXeHHe OTHOCUTEIHHO IOJOKEHHSI DPaBHOBECHSI.
Takum obpazom, CHATHE TIPUITYCKa MOXET
OCYIIECTBIISITHCS TIPH PA3JINYHBIX MOJIOKECHUSX JETaH, U
OHO MOXET MHOTOKPAaTHO W3MEHATHCSI B  TEUYEHHE
00paboTKH.

Tak Kak IONOKEHWE WHCTPYMEHTA BBHAY BBICOKOM
KECTKOCTH SIBJISIETCS. HEM3MEHHBIM B  HAIpaBICHUH
KoJIe0aTeNbHOTrO JBIKEHUS AETaJIH, TO B 3aBUCHMOCTH OT
€e OTKJIIOHEHHWs B MOMEHT Bpe3aHus 3yba (ppe3bl MoxKer
MIPOUCXOJUTh KaK YMEHbBIIEHHWE, TaK W yBEIWYEHHE
(akTH4ecKol paananbHOi IIyOuHsbI ae (puc. 3). [Ipu aTom
Ha0JIfo1aeTcs, COOTBETCTBEHHO, HEAOCTATOUHOE YalleHUe
NPUITyCKa WK ke 3ape3 geranu. Kak yxe ObU10 OTMEUeHO,
TIOJIOKEHHWE JIeTali B MOMEHT Hayaja pe3aHusl MOXKET
MHOTOKPaTHO H3MEHAThCS B Te4eHHE O0O0pabOTKH, 4TO
NPUBOAMUT K IIOSBJICHHIO BOJH Ha TIOBEPXHOCTH W
CYIIECTBEHHOMY YXY/IICHUIO ee kKauecTBa (puc. 4).

By

n n6’mm/

nias a,
TeKywas a,

Initial par size

TeKy

Heolxoanmas
TOBEPXHOCTE

4\/ 7\ /\_‘/\ Japes

3 / Heoapes exvinas oGpadoTanHas
Konefateannoe WCTE

TOHKOCTEHHOM JI&1an

Puc. 3 — ®opmupoBanue 06pabOTaHHON MOBEPXHOCTH
TOHKOCTEHHOH JIeTaJI! IIPH BBICOKOCKOPOCTHOH 00paboTke

Meroauka  9KCIIEPUMEHTAJIBHOTO  OINpPEIEICHUS
YCIIOBHI 00paboTku npu BBICOKOCKOPOCTHOM
(pe3epoBaHNN TOHKOCTEHHBIX JAeTalled OyneT orucaHa B
JanpHelmmx paborax aBTropoB. OCHOBOW METOAHMKA
SIBIISIETCSL OLICHKA BEIMYMHBI OTKIOHEHUSI TOUKU BPE3aHUS
OTHOCHTEJIBHO MOJIOKEHHS PaBHOBECHS AETATH — Rapesanus.
PesynbraTsl 3KCIIEPUMEHTAIIBHBIX HCCIEI0BaHUI
MIOKa3bIBAIOT, YTO MOJIOKEHUE JIETald B MOMEHT Hauania
pe3aHusi ompenenser IMIePOXOBATOCTh  00OpabOTaHHOM
TIOBEPXHOCTH.

[Ipu 06paboTKe TOHKOCTEHHBIX JIEMEHTOB JAeTaleit
s oOecrieuyeHns]  BBICOKOH — MPOW3BOJUTENBHOCTH
CTpeMATCS K HCIHONB30BaHUIO (pe3 C MaKCHMaJIbHO
BO3MOXKHBIM  KONMHYeCTBOM 3yOpeB. Uem  Oombire
KOJIMYECTBO 3yObEB, TEM MEHBIIIE BPEMS XOJIOCTOTO XOJa.
B cBmM ¢ 3THM, CyImECTBYIOT U  JOCTaTOYHO
paCIIpOCTpaHEHbI, TaKWe YCIOBHA O00pabOTKH, Korma
CKOPOCTB pe3aHus HE BEIHKa, (hpe3epOBaHHE MPOUCXOTUT
B YCIOBHSX BO3HUKHOBEHHS pereHepaTHBHBIX
aBTOKOJICOAHWII 1 IeTab HE YCIeBaeT MPUNUTH B COCTOSTHUE
TIOKOS TIepes Bpe3anueM. Takasi cuTyanusi n300paskeHa Ha
puc. 1 (cmywait 2). Torma, Ha 3aKOHOMEPHOCTH,
YCTaHOBIICHHBIE /I 00paOOTKA C aBTOKOJICOAHWSIMH,
HaKJIAQAbIBAIOTCSI  OCOOCHHOCTH,  XapakTepHBIE  JUIA
BBICOKOCKOPOCTHOH ~ 30HBI, = TO  €CTh,  KadecTBO
00pabOTaHHOM TOBEPXHOCTH 3aBHCHT HE TOJIBKO OT
MapamMeTpoB aBTOKOJIEOAHUH, HO M OT OTKJIIOHEHHS TOYKU
BpE3aHMUs] OTHOCHTEIIFHO TTOJI0KEHUSI PABHOBECHS I€TAITH.

JKCNEePUMEHTANIBHBII  CTeHI M YCJIOBHA
NpoBeJeHUusl HccaeqoBanmii. i1 m3ydeHus: mporecca

(pe3epoBaHUS  CIIOKHO-TIPOPHIBHBIX ~ TOHKOCTCHHBIX
JieTajged TpeyIoKeH CTSHI, M300paKCHHBI Ha puc. 4.
JeranpHas nHGOpPMANUS TI0 CTEHIY U3JI0KEHA B paboTax
[5, 6]. 3axBaTHOEe YCTPOMCTBO MpEACTABIAET COOOI
MAacCCHBHOE OCHOBaHHE, KOTOPOE YCTAHABIHMBACTCS Ha
crone (pe3epHOro CTaHKa M CIYXKHT ISl HaJEKHOTO

KpeIUICHHsST ~ yOpyroro  dJIeMeHTa  (TOHKOCTEHHOMN
mwiacTuHel). Ha  mmacTMHe  JKeCTKO — 3aKperuisercs
obpabatpiBaeMblii  oOpazen. Ilpu ¢pesepoBanuu, B
pe3yabTate JCUCTBHS CHJIBI  OT)KUMA, TPOUCXOIUT

MCPEMCIICHUC 06pa3ua, BCJIIMUYMHY KOTOPOro HU3MEPAIOT
JaTYUKOM I10 USMEHCHUIO 3a30pa - A.

W3mepenne ycnoBuii
KOHTAKTHPOBAHHS

AL |=f

n, 00/MuH

A ~— 4

H— ~
— Kouniebanusi

Bricora

Tonmuua

3axBaTHOE
ToHkOoCTEHHAs

IUIaCTUHA

Puc. 4 - Ctenn s npoBeeHNs SKCIIEPUMEHTAITBHBIX
HCCIIeTIOBAHMI

KoncTpykuust crenna Obuia gopaboraHa CHUCTEMOM
W3MEPEHUs] YCIOBUU KOHTAKTHPOBAHUS WHCTPYMEHTa C
neranbio [7, 8]. K u3mepurenbHOMYy CTEHIY MOABOAWUTCS
HHU3KOBOJIbTHBIN MCTOYHUK NuTaHus. [Ipu KoHTakTe 3yda
¢dpe3bl ¢ 00pabaThiBAaGMbIM 00PA3IOM BJIEKTPUUECKHIA
CHTHAJI TIepeaeTCsl Yepe3 MOABMKHBI TOKOCHEMHHK Ha
AIIIl. 3amuch curHana ¢ TOKOChEMHHMKA W CHTHaja
nepeMenieHnss oOpasia OCYIIECTBIIACTCS OJXHOBPEMEHHO,
YTO J1a€T BO3MOXKHOCTh UX BHICOKOTOUYHOI'O COBMEIICHUSI.

CucremMa wW3MEpeHHs] HalW4YMsA KOHTaKTa MEXIY
(hpe3oit M WHCTPYMEHTOM SIBISETCS IPHUHIIUIHAIHHBIM
SJIEMEHTOM SKCIEPUMEHTAIBHOTO CTCHIA UIA M3yYCHUS
mporecca MPephIBICTOIO PE3aHMs, TaK KaK MO3BOJISET
Pa3IensiaTh OCHIIIIOrpaMMy KoeOaHHs IeTalld Ha TPOLECce
pe3aHus U XOIOCTOM XOZ.

OKCIIeprMeHTaIbHBIE HCCIIEIOBAHNS MMPOBOIWIA Ha
tdpesepaom cranke ¢ YIIY Huron CX10. B xagectBe
yIIpyroro 5SJIeMeHTa ObUIa WCIIONB30BaHa KOHCOJIBHO-
3amemMiieHHas toractiuHa (Matepuan Ct650) TommuHON
h=8wmM u mmpuHoit b = 60 MM, BBUIET IUIACTHHBI
cocraBistr 80 Mmm. Ha ¢BOOOIHOM KOHIIE TUIACTUHBI OBLI
JKECTKO 3akperuieH oOpaserr (matepman Ct3), KOTOpPBIi
oOpabaTbIBaliCsl TBEPIOCIIABHON KOHIIEBOH CHEPUICCKOM
6-u 3y0oii (pe3oit (yronm HakjIOHa BUHTOBOW pexyiien
kpoMkn w = 30°). BennunHa HakiIOHa OCHM WHCTPYMEHTa
OTHOCHUTENFHO 3arotoBku - 4°. Yactora COOCTBEHHBIX
koebannii  YC  TOHKOCTEHHOM JETald  COCTaBJsia
fac=725Tn, xoadp¢umment memmduposanus & = 0,03,
s)kectrocth C = 2400 H/mm.

Bo Bcex akcmeprMeHTaxX OceBas TIIYOMHA pe3aHust

Bicnux Hayionanvnoco mexniynozo ynieepcumemy «XIIIy. Cepis: Texnonoeii

20

6 mawiunodydyeanni, Ne 6 (1282) 2018



ISSN 2079-004X (print)

cocTaBisIa dp = 1 MM, pamuanbHas riryonHa ae = 0,5 mMm,
momada ©Ha 3y0 S; = 0,05Mm/3y0, HampaBicHue
MOJIAYH — MOIYTHOE. Cma3biBaromie-oxJIaKAaoas
TEXHOJIOTUYECKas cpesia He MPUMEHSIIACH.

Pe3yabTaThl IKCIEPUMEHTANBHBIX
uccaenoBanmii, auckycemsi. s Bepudukanum
BBIIICONMCAHHON WH(pOpManuu ObLIa TPOBENEHA OJHA
cepusi  OKCIHEPUMEHTOB  C  3aMepoM  THHAMHKH
¢bpe3epoBaHrss B CKOPOCTHOM  JMama3oHe  OT
n =500 06/Mmun mo n = 10000 o6/mMun. Illar n3meneHus
YacTOThl BpamieHus InuHAeNs coctaBmsul 100 o6/muH.
Iocne (bpezepoBaHus OBLTO BEITIOJTHEHO
npodmuiorpadupoBanne 00pabOTaHHOH MOBEPXHOCTH U
3amMep mapamerpa IepoXOBaToCTH Ra. AHATU3HPYEMbIM
mapaMeTpoM mpoiecca OOpabOTKH SBIISUICS — pa3max
KOJIeOaHMUs TOYKH BPE3aHUS] OTHOCHTEIBHO IMONOXKCHHS
paBHOBeCHS JACTANH — Rypesanns. Ha prC. 5 mOKa3aHoO, KakKuM
00pa3oM U3MEHSETCSI JaHHBII apaMeTp B 3aBUCHMOCTH OT
YaCTOTHI BPAICHHUS MIMUHCTS N U XapaKTepPHbIC YCIOBHS
BO3HMKHOBEHHUSI MAKCUMAJILHBIX 3HAUCHUH.
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Puc. 5 — Pa3max kose0aHuii TOYKH Bpe3aHusl IpU
Pa3IMYHBIX CKOPOCTHBIX YCIIOBUSIX 00paOOTKU

HaubGonpimit pasmMax TOYKH Bpe3aHHs HaOIOAanu
IpH YacToTe BO30YKAEHHS CHCTEMbl PaBHON dacToTe
COOCTBEHHBIX KOJIeOaHHI, a TaKXKe B J[Ba, TPH, YETHIPE U
IITh Pa3 MEHbIIE Hee. JTO SBJICHUS BBI3BAHO YCIOBHEM
pe30HaHCa M CBA3aHO C BO30OYKAEGHHEM CHUCTEMBI C
3yOLIOBOM YaCTOTOH WM €€ BBICIIMMH TapMOHHKAMH,
KOTOPBIMH HACBIIIEH YaCTOTHBIN CIIEKTP MHPEPBHIBHCTOTO
¢bpesepoBanus. Takoe moBenenue YC TOHKOCTEHHOU
JeTaJd  SBIAETCS  3aKOHOMEPHBIM B YCIOBHSX
MIPEPBIBUCTOTO pe3aHus U OoJiee IeTaabHO OyAeT OMMCaHO
B JAIIBHEHUIIX pabOTax aBTOPOB.

VmeHHO pa3max KojeOaHHs TOYKH BpPE3aHUS
OTHOCHTENBHO IMOJIOXKECHUS PABHOBECHS NETATH — Rypesanms
oTpeNieNsIeT KadecTBO 0oOpabOTKH, M 4YeM MEHBIIE 3TO
3HaueHHWe, TeM HIDKe mapameTp ImepoxoBatocTd Ra. [pu
BHOPOYCTOHYNBOM pEXUME 00paOOTKH, KOTIa JOCTUTHYTO
HavMeEHbllee 3HAUYCHHWE pa3Maxa TOYKH Bpe3aHHs,
KauyeCTBO IOBEPXHOCTH OTPaHUYUBACTCS TOYHOCTBIO
W3TOTOBJICHUS U MTO3UIIMOHUPOBAHNS HHCTPYMEHTA.

Ha puc. 6 Ha npumepe ¢parMeHTa OCHMIIIIOrPAMMBI
KoJieOaHuMs IeTaIn OKa3aHo, KaK U3MEHSIETCS TONOKEHHE
TOYKM BPE3aHUs] M KaKUM 00pa3oM 3TO OTpakaeTcss Ha
KadyecTBe 00pabOTaHHON MTOBEPXHOCTH.

Benneckn pa3smaxa TOYKHM BpE3aHHSI MOXKHO TaxKe
HaOII0NaTh 1 B 30HE MOSBJICHUS aBTOKoneOaHuil (puc. 5),

TO €CTb, PE30HAHCHBLIC ABJICHUA HUMCIOT MECTO U B 3TOI
CKOpOCTHOﬁ 30HC

Yacrora Bpamienus mmuHaens N = 5600 o6/MuH
Ipodsinorpasma, n=5600 o6/mumn.

Tlonyrioe dppeseposarme, n=5600 o6/m, 50 peson E
Ra=0).33 Mict
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Puc. 6 — BremHwit Bui 06paboTaHHON TTOBEPXHOCTH TIPH

Pa3INYHOM MECTOPACIIONIOKEHUH TOYKH BPE3aHUsI
(BBICOKOCKOpOCTHAst 00paboTKa)

Hcnonb3oBaHue MHOr03y0oro UHCTpyMEHTa
CIOCOOCTBYET ~ YBEIMYEHUIO YacTOTHl  BO30YXKIEHHs
CHCTEMBI TMPOIMOPIIMOHAIBHO KOJIHYECTBY 3YObeB (ppesbl,
IIPU 3TOM, CKOPOCTb PE€3aHUs OCTAETCsS HEU3MEHHOW. To
€CTb, IPOLIECChI BO30YXIEHHsI aBTOKOJIEOaHUI IPOTEKAIOT
AHAJIOTMYHO BHE 3aBUCHMOCTH OT KOJIMYECTBA 3yObeB, a
BO30Y)KJICHHE CUCTEMBI IPOMCXOJUT HU3IIEH rapMOHUKOM
npu OosbieM yucie 3yobeB ¢pesbl. [Ipu aToM, yem Hike
rapMOHHKA, TEM BBILIE €e aMIUIUTYa, & COOTBETCTBEHHO H
aMIUIUTYAa KoeOaHus JeTalH.

Ha mpakTuke cokpaiieHne BpeMeHH X0JI0CTOro Xozaa
o0ecreunBaeT OTHOCHTENBHO BBICOKHME KOJEOaHWs IpU
HauaJie Cpe3aHusl MPUITYCKa MOCIeAYIOIUM 3yooM (pesbl.
A TIpH PE30HAHCHBIX SBICHHAX, aMIUIUTYABl KOJIeOaHHs
JeTaji JOMOJIHUTENBHO yCHInBaroTca. Takum oOpasom, B
nporecc GOpMHPOBAHKA IOBEPXHOCTH CBOI BKJIAJl BHOCHT
MECTOIOJIOKEHUE TOYKH Bpe3aHus. A Tak Kak o0paboTka
NPOMCXOINUT B 30HE aBTOKOJICOAHUH, TO U MX HapaMeTphl
CYILIECTBEHHO BIHUSIIOT Ha ¢dbopmoobOpazoBanue
00paboTaHHOI TOBEPXHOCTH.

Ha puc. 7 mpuBenensl ¢pparMeHTsl KoleOaTeNnbHOrO

JBIDKCHUSI  JIeTalld B YCJOBHUSIX  BO30YXKICHHs
aBTOKONeOaHnii ® mpodruiorpaMMel  00paOOTaHHOM
MOBEPXHOCTH.

PaccmaTtpuBaeMbie MOBEPXHOCTH XapaKTePHU3YIOTCS
HHU3KUM Ka4yeCTBOM 00paboTKH, BBI3BaAHHBIM

aBTokoneOanusiMu. OHaKO, TIPH pexuMax (pesepoBanusi,
rZe BEJMYMHA TOYKH BpPE3aHUS OTHOCHTENLHO HH3Ka
(n = 1100 06/muH, n = 2000 o6/muH), TpOGHITH
XapaKTepH3yeTcsl MAaJIbIMH  HEPOBHOCTSIMH, KOTOpBIC
chopMHUpPOBaHBI HCKITIOUUTENHHO aBTOKOneOanusaMu. [lpu
9TOM, B YCIOBUAX (pe3epoBaHUs, Tae HaOI0qaIn
NMKOBBIC 3HAYCHHs pa3Maxa KoJeOaHHH TOYKH BpPE3aHHs
(n = 1500 06/mMun, n= 1800 06/MHH), MIEPOXOBATOCTH
TIOBEPXHOCTH CYIIECTBEHHO BBIIE M XapaKTepH3yeTCs
MEPUOIMYECKIMH BOJHAMH BBICOKOW aMIUIUTYObl. JTO
CBHJICTEILCTBYET O pa3jIMIHONW pajuaibHOW TiIyOMHE
(pe3epoBaHus, BEI3BAHHOW HECTAOMIBHOCTHIO MTOJIOKEHHS
JIeTaJIi B MOMEHT Havaja pe3aHus 3yoom ¢pessl. To ecTb,
MHUKPOHEPOBHOCTH MaJIOH YaCTOTHI M BEICOKOH aMIUTUTYIBI
BBI3BAHBI Pa3MaxOM TOYKH BPE3aHUs, & BHICOKOH YacTOTHI
Y MaJIOil aMIDTUTY/BI - aBTOKONICOaHUSIMU.
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Yacrora Bpamenus mmuaaesst N = 1100 o6/mMun

Tonyrnoe dpeseponarme, n=110006/ws, 4 pesa i Tpograunorpasda, n=1100 o6/,
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Puc. 7 — Buenrnuii Buj 00paboTaHHON OBEPXHOCTH MIPU
Pa3IMYHOM MECTOPACHIONOKEHUN TOYKH BPE3aHUs
(30Ha aBTOKOJICOAHMIA)

2 4
JUHES NOBEPXHOCTH, MM

BuiBonbl. Ilpu  (¢pesepoBaHMHM  TOHKOCTEHHBIX
JJIEMEHTOB JIeTajell CKOPOCTHOM Juana3oH (pe3epHoro
CTaHKa C TOYKHM 3pPEHUs BO3OYXKIEHUS aBTOKOJIEOaHHH
MOXHO pa3lenuTb Ha xABe 30HbL. IlepBas 30Ha —
HU3KOCKOpOCTHas. B Hel mpoxoaut oOpaboTka, Koraa
BpeMsi pe3aHusi OoJjble mepuojaa aBTokosneOanwmid. [lpu
9TOM Ha IIOBEPXHOCTH pE3aHUI MOXHO HaOmomaTh
NOSIBJIGHUE pEreHepaTHBHBIX BOJH. Bropas - 30Ha
BBICOKOCKOPOCTHOI 00pabotku. B Heil Bpems pe3aHus
MEHBIIIE IIepHOja ABTOKOJIEOAHMH W JeTadb HE HMeeT
BO3MO)KHOCTHU HX COBEpIIATh.

Pacnonoxenue TpaHHUIIBI BBIPOXKICHUS
aBTOKOJICOAHUI 3aBUCHT OT MHOXKECTBa (PaKTOPOB, CPEIH
KOTOPBIX MOYKHO BBIOENUTH pexkuMbl pezanus u YCK YC
TOHKOCTEHHOMH AeTanu. PacueT 3Toro napaMmerpa npuBeacH
B pabore [9]. Kak B 30He nosiBIieHHs1 aBTOKOJICOaHUH, Tak
U B BBICOKOCKOPOCTHOH 30HE BO30YKIECHHE CHCTEMBI

BCerga TMPOWCXOOUT B  YCIOBUSX  BBIHYKICHHBIX
Kolle0aHMi, CBS3aHHBIX C MPEPBHIBUCTOCTHIO IIporecca
00paboTKH.

B 30HE TIOSIBJICHUS aBTOKOJICOaHMI
(dhopmoobOpazoBaHue obpaboraHHOI MTOBEPXHOCTH
ompenensercss JUO00 HCKIIOYUTENBFHO — IapaMeTpaMu
aBTOKONMEOaHmii, mnmbO, B CIy4ae WCIIOIB30BaHUSA

MHOr03y0Oro HMHCTPYMEHTa M TOBBILICHUS 3yOLOBBIX
YacTOT, COBOKYITHOCTBIO (DaKTOPOB, OOYCIIOBICHHBIX
BEIMYMHON aBTOKONEOAHWH W TOJIOKEHHEM JeTalid B
MOMEHT Hayaja Bpe3aHHs oOdepeqHoro 3yda Qpessl.
[Ipyuuem, moNOXKEHHE JETamd HWMEET OIpeessionee
3HAa4YeHWe. YunThBasg (HakT HcHonb30BaHus (pe3 ¢
OOJIBIIIM KOJIMYECTBOM 3yObEB B YCIIOBHUSIX ITPOU3BO/ICTBA,
TIOCJIEIHUI BapyaHT SBJISETCS OOoJee pacpoCcTpaHEHHBIM.

[pu BBICOKOCKOPOCTHOM (bpe3epoBaHun

dhopmupoBanue mpodwiss 00pabOTKH 3aBUCHT OT pa3Maxa
KOJeOaHUH TOYKM BpE3aHHs OTHOCHTENBHO MOJIOKEHHS
paBHoBecust etanu. CylecTBeHHOE yBEIHIEHUE JAHHOTO
nmapamMerpa HaOJIOAeTCs MPU PE3OHAHCHBIX SIBICHUSX,
KOrJla  9acToTa BO3OYKAEHHS  YIPYrod  CHCTEMBI
TOHKOCTEHHOM J€Talld MU €€ BBICIINE TAPMOHUKH PABHBI
4acToTe COOCTBEHHBIX KOJIEOaHUH JIeTalH.

Ilpu wcmonp30BaHMKM MHOro3yObIX  (pe3  TpH
00paboTke TOHKOCTCHHBIX JeTanei UMEHHO
BBIHYK/ICHHBIE KOJIEOAHHUsI BHOCST JOMUHHUPYIOIINI BKIIa
B (opmupoBaHue Mpodmis 00pabOTaHHON MTOBEPXHOCTH,
KaK B CKOPOCTHOH 30HE TMOSBJICHHUS PEreHePaTHBHBIX
ABTOKOJNIEOAHWH, TaK W TPH  BHICOKOCKOPOCTHOU
obpabotke. Ilpu 3TOM mapameTrpoMm, XapaKTepH3YIOIHM
COCTOSIHUE CHUCTEMBI, SBJSIETCS W3MEHEHHE IOJIOKEHHE
JIeTaJli B MOMEHT Hayaja pe3aHust 3yoom ¢pe3sl. CTout
OTMETHTD, 4TO aBTOKOJIeOaH U, 0e3yCIIOBHO,
CIOCOOCTBYIOT ~ CHIDKEHHIO KadecTBa o0paboOTKu B
OIpeIeTIEeHHOM CKOPOCTHOM JIMana3oHe, HO UX HEraTHBHOE
BIIUSIHUEC MOXKET 6])ITI) MHOTI'OKpaTHO yCI/UIeHO
PE30HAHCHBIMU ABJICHUAMMU.
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