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M.B. Kyuayrypos, 3amopoxse, YKkpanHa

BJIMAHUE N3HOCA PEXXYIIEI'O HHCTPYMEHTA
HA OCOBEHHOCTHU JMHAMMWKU ITPOLECCA PE3AHUSA
TP TOKAPHOI OBPABOTKE

B cmammi npedcmaeneni pesynbmamu eKcnepumMeHmanbHo20 00CHIOJHCEH s a8MOKOIUBAHb NPU
mouinni. Posenanymi ocobnusocmi eueueHHs OUHAMIKU NPOYeCy BiNbHO20 NPAMOKYMHO20 DI3aHHA HA
npuknadi moxaproi 06podku. Excnepumenmansno noKA3aHo 6NAU8 3HOCY pi3ys Ha Napamempu 1io2o
npYyJCcHo20 nepemiujeHHs 6 yMo8ax 6UHUKHEHHs AGMOKONIUEAHb NPU MOYUIHHL.

B cmamve npeocmagnensl pesyivmamol IKCNEPUMEHMANLHOLO UCCIO08AHUSL A8MOKONEOAHUIL
npu  mouenuu. Paccmompenvt  ocobennocmu  usyuenusi OuHAMuKU — npoyecca  c80OOOHO20
NPAMOY20NIbHO20 PE3aHUsi HA npuMepe MOKaApHOU 06pabomKy. IKCNEPUMEHMANbHO NOKA3AHO GNUsSHUE
U3HOCA pe3ya Ha napamempul €20 Ynpy2o nepemewenusl 8 YCiousax 603HUKHOBEHUS AGMOKOIeOaHUL npu
moueHuu.

The results of the experimental self-excited vibrations research in turning are submitted. The
features of orthogonal cutting process dynamic are reviewed at turning example. It’s shown
experimentally the influence of tool wear on its elastic displacement parameters when self-excited
vibrations occur in turning.

JluHamuKka TMpolecca MEXaHHMYECKOW OOpabOTKH IO Ceil JEeHb OCTaeTcs
AKTyaJIbHbIM HallpaBJICHUECM HCCHCHOBaHHﬁ. BI/I6paI_[I/II/I, BO3HHUKAOMIUE TIpU
pe3aHuM, Kak MPaBHUJIO, OKA3bIBAIOT HETaTUBHOE BIIMSHME: KOJIeOaHMsSI AJIEMEHTOB
CHCTEMBI CTaHOK — MpHCIIocobIeHne — HHCTpyMeHT — faetains (CIIM/L) npuBomsT k
PE3KOMY CHIDKEHHIO CTOHKOCTH MHCTPYMEHTA, OBICTPOMY H3HOCY OOOpPYIOBAHHS,
YXyIIICHUIO KauecTBa 00paboTaHHON ITOBEPXHOCTH.

HauOonpmmii wHTEpEC W TPYOHOCTH JMJIS HCCICAOBAHHS IIPEICTABIISIOT
ABTOKOJICOAHMs, TaK KaK MPUPOJA BBIHYKICHHBIX KOJEOaHHU MPOCTa, UCTOYHHKH
WX BO3HUKHOBCHHS JIETKO JAHATHOCTUPYEMBI M IMOJABJICHUE IIOCICIHUX SBISACTCS
npoctoil 3amadeir. CymiecTByeT OOJBIIOE KOJMYECTBO TEOPETHYCCKHX U
OKCICPUMEHTAJIBHBIX HCCHeﬂOBaHHﬁ, PpacCKpbIBaOIIUX OCHOBHBIC MIPUYUHBI
BO30YyXKIOeHHS W  TMOAAepXaHWsA  aBTokoneOammii.  OpmnHako,  Hambosee
CYIIECTBEHHBIMU U SKCIIEPUMCHTAJIBHO MMOATBEPKACHHBIMU SABJIAIOTCA:

1) Peremepammss — pe3aHWe MO CIEAy, NPHUBOAAIICE K TEPHOIMYECKHM
M3MEHEHMSIM (aKTHIECKOW TOJIIMHBI CPE3aeMOro CIJIos, YTO B CBOI Ouepe/ib
oOycraBiuBaeT KoieOaHWs CHJIBI pe3aHus, JeHCTBYIOIIEH Ha pesen u
obpabateiBaeMyt0 JieTaib. [lo JaHHBIM MHOXECTBa wuccienoBanuii [1, 2, 3],
pe3aHne mo cieny oOecneyMBaeT HAaMOOJIBIIMI BKJIAZ ODHEPrHU, HIyIIeH Ha
BO30YKIICHHE aBTOKOJICOAHUI.

2) KoopaunatHasi cBsI3b — JONOJHUTENBHOE BO30YXKJICHHE aBTOKOJICOAHWH,
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00yCIIOBJICHHOE ~ HECOBNAJCHHEM  TPAGKTOPHUH  yNpyroro  oOTXKaTHi U
BOCCTAHOBJICHUsI pe3lia ¥ JIeTaNIu 101 AeHCTBUEM CHIIBI pe3aHus [4]. DTo cBsi3aHO ¢
TeM, 4To ieMeHThl cucteMbl CITM/] B 3aBUCMMOCTH OT HalpaBJICHUS! BO3CHCTBHS
BHELTHEH HArpy3Kd UMEIOT Pa3IMIHYIO KECTKOCTb.

DKcnepuMeHTaIbHOE HCCIIeIOBaHUE TUHAMUKH ITIpOLiecca Pe3aHus SIBISECTCS
TpynHO# 3anmaueif. OOBEKT MCCIENOBaHMS CIIOXKEH M MHOTOTPaHEH, MO3TOMY He
BCETJa TPEICTABIACTCS BOSMOKHBIM ITOTyUEHHE IMOBTOPSIEMOCTH pe3yibTaTa IpH
OJIMHAKOBBIX YCIIOBHSIX 00paboTku. [IpmunHOi MTaHHOTO OOCTOSATENBCTBA SBISCTCS
BBICOKAasl YYBCTBHTEIBHOCTH CHCTEMBI “TIpOIleCC pE3aHHWA — YIpyras CHCTeMa
WHCTpYMeHTa W jerann’. Jlake HE3HaYUTENbHBIC WM3MECHEHUS (PAKTHUCCKIX
mapamMeTpoB  00OpabOTKH, KOTOpBIE MOXXHO  3a)UKCHPOBATh,  HCIIONB3YS
BBICOKOTOYHBIC U YYBCTBUTCJILHBIC JaTYUKH, CHOCO6H])I IIOJIHOCTBKO H3MCHUTH
JMHAMHYECKYI0 KapTHHY IIPOLIecca pe3aHusl.

ABTOpaMI/I I[aHHOI‘/’I CTaThbHu IMPOBEACHBI MHOTI'OYHUCJICHHBIC
OKCIICPUMECHTAJIbHBIC  HCCJICAOBaHHA, IIO3BOJIMBHIME pPAaCIIUPUTL TTOHHUMAaHUC
0COOCHHOCTEH TUHAMHUKHU Mpoliecca TOKapHO# o0padoTku. C 3TOM IeNbI0 OBLIO
pa3paboTaHOo psJ yCTPOMCTB JJISi HCCIENOBAHUS aBTOKOJICOAHHN TPU TOYECHUH
[5, 6]. T'naBHOW UX OCOOCHHOCTBIO SIBISIETCS CO3JAHUE TAKOW CHCTEMbI PE3aHUs
(puc. 1), B KoTOpOI#t peser; 00manan ObI MOHIKEHHOH JKECTKOCTHIO MO0 CPABHEHHUIO C
JeTajbl0: JOCTATOYHO Mayoi, 4TOOBI CO3IaTh OJNArONpUATHBIC YCIOBHSA IS
BO30YKICHHS W WCCICIOBAHMUSA CHIIFHBIX aBTOKOJICOAHWI; W B TOXE BpeMs
JOCTaTOYHOW OONbIIOi, YTOOBI KoJeOaHWS pe3la WMENH TapMOHHYCCKHUN
xapakrep. [locenane GUKCUPYIOTCS OCCKOHTAKTHBIMH DATYMKAMH TEpeMeIeHIHA
B TOPU30HTaJIbHOM M BEPTUKAJIBHOM HampasieHusix. IIpouecc pesanus
paccMaTpuBaeTcs B TJIABHOW CEKYILEN MI0CKOCTH Pr.

OCHOBHBIM OTJINYHEM yCTpOf/'ICTBa I UCCII€JOBAaHUA (bPIBI/IKI/I SIBJICHU A
aBTOKOJICOaHMI TIpH TOKapHOW 00paboTke [6] sBIsAETCA perynupyeMas ymnpyras
cucTeMa pesla, M03BOJISIoNIas Pa3esbHO U3ydyaTh BIMSHUE KOOPAWHATHOMN CBS3H
Ha BO30YX/IeHHe BUOpAIHii.

KoHcTpyknust ycTpoHCTBa IMO3BOJIIET BECTH HCCICAOBAHUS IPOIOIHHOTO
TOYCHHS IO CXEME, MAaKCHMAIbHO ONH3KOW K CBOOOZHOMY MPSIMOYTOJEHOMY
pesanmio  (puc. 1). VmpomieHHe CHCTEMBI pe3aHHA JIOCTUTACTCS TOYCHUEM
KOPOTKOH JKECTKOU 3aTOTOBKH, KOJICOAHUSIMI KOTOPOH MOKHO MpeHeOpeydsb. B xome
HCCIICIOBAaHUN JeNaeTCs JOMYyMICHUEe, 9TO YIpyras CHCTeMa JeTadu aOCOJIOTHO
JKeCTKas, M B Iporiecce BO30YKICHNS aBTOKOJICOAHNH ydacTBYeT TOJIBKO YIpyTas
cucTeMa pesIa.

Pa3paboTaHHBIi YKCTIEPUMEHTAIBHBIN CTeH (pUC. 2) MO3BOJIIET B PEATHLHOM
BpeMEHH (PUKCHUPOBATH IOJIOKEHUE PEXYIIeH KPOMKH pe3la JaTdukamu 4 u 5 B
TJIABHOW CeKymedl miockocTn Pr, a Takke (PAKTHIECKyI0 CKOPOCTh BpAIICHHS
3arOoTOBKH DHKO/IEpOM 9. YKa3aHHbIE U3MEPHUTENbHbIC YCTPOHCTBA MOAKIIOUAIOTCS
K IEpCOHAJbHOMY KOMIIBIOTEPY 4Yepe3 aHaJoro-uugpoBoil mpeoOpazoBarelb,
YTO I103BOJISIET:
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- 3QMUCHIBATh OCIMJUIOTPAMMbI CHTHAJIOB IATYMKOB M DHKOJEPA;

- BBINOJNHITH MNOCT-00pabOTKY MONYyYaeMbIX NAHHBIX MJIS OMpPEACICHUS
napamMeTpoB KoJeOaHHWil pe3lila C HCMOJb30BaHHEM MPOrPaMM MaTeMaTHYECKOit
o0paboTku manHbix (MatLab u Octave).
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Pucynok 1 — Cxema ucciieioBaHus npolecca aBToKoJIeOaHui Ipy TOUCHUN
(cxema mpejicTaBiicHa B IIABHOM CeKyIel miockocTu Pr):
Conp's ™y Gty Nyyy" — IapaMeTpBl XecTKOCTH 1 AeMi(upoBaHyst pe3ua BAoNb oceil X u Z;
M — npuBeACHHAs Macca KojebaTeIbHON CUCTEMBI pe3lia; Sy — ABH)KEHHUE M0/1auy;
V — CKOpOCTB pe3aHus; & — HOMUHAIbHASI TOJIIUHA cpe3aeMoro ciosi; A/ — capur (a3 BoIH
Ha MOBEPXHOCTH Pe3aHms IBYX COCEAHHX 000pOTOB aeTaiu; P — cua pesanus;

R — peakmus ynpyroit cuctems! pe3na
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Hcnonp3oBaHue NAaHHOTO CTEHJA AAeT BO3MOXKHOCTH HM3Yy4aTh BIMSHHE Ha
JMHAMHKY TOKapHOW 00pabOTKH cieayromux Gpakropos:

- peXXUMOB pe3anust (r1youHsl t, moga4n SO, ckopoctH pesanus V);

- TEOMETPUH MHCTpyMeHTa (pabouMe YTIibl, paauychl, Gacku M MapameTpsl

W3HOCA);
- CTaTHMYCCKUX W JUHAMUYCCKHX XapaKTCPUCTUK YIPYrod CHCTEMBI

HHCTPYMEHTA,;
- 00pabaThIBaEMOTO MaTepraia 3ar0TOBKH;
- pasIMYHBIX YCIIOBUII pe3aHus (pe3aHHe B CMa3bIBAIOLIE-OXJIAXKJAFOLICH

TEXHOJIOTHYECKOH Cpeie, JeBHAIHsI CKOPOCTH pe3aHus U MOJauH | Ip.).
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Pucynok 2 — Cxema 3KCcIIepUMEHTATBHOTO CTEHIa U3MEPEHHs KoJieOaHui pes3ra
IIpU TOYEHHUHU: | — KOpIyC ycTpoiicTBa; 2 — ynpyruii 3JeMeHT; 3 — pexylas IIacTHHA;
4 — MaTYNK TOPU30HTAIBHBIX IIEPEMEIICHNH pe3la; 5 — TaTYNK BePTHKAIBHBIX
nepeMeleHni pesna; 6 — oopaboTaHHas IOBEPXHOCTbh; 7 — IOBEPXHOCTh PE3AHUS;

8 — oOpabarsiBaeMast MOBEPXHOCTD; 9 — sHKOJEp; Dr — rinaBHOe IBHKEHHE pe3aHHs;
Ds(So) — nemxenne mogaun; ALJIT — ananoro-mudpoBoii mpeodpazoBaTens;
1IK — nepcoHalbHBINA KOMIbIOTEpP; M1 — NICTOUHUK MUTAHUS

HccrenoBanme BIUSHHE CKOPOCTH pe3aHus V Ha aMIUTUTYHDy BUOpariwid
ABIISICTCA OJHOW M3 HamOoJee BaKHBIX 33/1a4 IPH HU3yYCHUH TUHAMUKU TOYCHHS.
W3BecTHO, 9TO U1 TaHHOTO OOpabaThIBaeMOTo MaTepHaja, PEe)XKHMOB M YCIOBHU
00paboTKN, TEOMETPUN HHCTPYMEHTA, XapaKTEPUCTHK YIPYrod JTOMHUHHPYIOLIEH
KoJIeOaTeTbHOW CHCTEMBI, CYIIECTBYET JMAala3oH CKOPOCTEH pe3aHus, NpH
KOTOPOM Ha0JII0/1a10TCsl CHIIbHBIE BUOpaNny.
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B ycioBHsX BO3HHMKHOBEHHs aBTOKOJICOAHMH HMHCTPYMEHT IIOJBEPraeTcs
MHTEHCUBHOMY H3HOCY. IlocienHuii mpUBOIUT K M3MEHEHHIO €ro (haKkTHYecKOW
TeOMETPUH, YTO OKa3blBaeT CYIIECTBEHHOE BIMSHHE Ha aMIUIMTYAy KoJeOaHHMH.
[Ipu ToueHnn HaOIFOJAIOTCS CIEAYIOIUE BUIBI H3HOCA:

a) TUITMYHBIA U3HOC HHCTPYMEHTA I10 MEPEeAHEH U 3aJHEH TOBEPXHOCTSIM;

0) BBIKpAIIMBAHUE U CKOJIBI PEXKYIIEH KPOMKH;

B) UHTCHCHBHBI W3HOC TEPEXONHOW KPOMKH MEXIy TJIABHOW U
BCIIOMOTATEIFHON 3aJHUMH TOBEPXHOCTSMH pe3lla. B pesympTare m3HOCa MO
3amHe TOBEPXHOCTH MPOMCXOIHNT IOTONHUTEIBHOE TpeHHe ¢ 00paboTaHHON
MOBEPXHOCTBIO, YTO NPHBOJUT K YBEIHMUCHHWIO MIEPOXOBATOCTH IOCIEIHEH W K
CHIDKEHHIO aMIUTUTYIBI KOJIeOaHHH.

Hwxe npuBeseHb! pe3yabTaThl HCCIIENOBAHUS BIMSHUS CKOPOCTH pe3aHus V
Ha TapaMeTpbl KoyeOaTeIpbHOro Mmporecca. OKCIEPUMEHTH IPOBOAWIN Ha
TokapHOM cTaHke 16K20 ¢ momomipio yCTpoWCTBa JUIS HCCIENOBaHMS (DH3UKU
SIBJICHHUS aBTOKOJICOAHWI Mpu TOKapHO# 00paboTke [6]. PaccmarpuBamu oOriee
COCTOSIHME W3HOCA IUIACTHHBI U PEXYIIEH KPOMKH, a TaKKe M3MEPSUIH BEJIHYHHY
(backu u3HOCa 1o 3aaHel moBepxHocTH. Todyenue cramu 45 HB 170 npoBoauiock
npu cuenyromux pexumax: t=1wmm; S=0,15mMM/06; n=50...1600 o6/mMuH;
D =45...84 mm; V = 10... 370 m/mun. [lapameTpsr uaCTpyMeHTa: ¥ = -8°; o = 8°;
a1 = 8% ¢ =90°% @, =7° A =8%r =0,1 mm, maTrepuan iactussl T 15K6.

Ha puc. 3,4 npueneHsl rpaduku H3MEHEHHS CTAaTHICCKOTO OTKIOHEHHS
pe3ma OT MOJI0KECHUS PaBHOBECHS B 3aBUCHMOCTH OT CKOPOCTH pe3aHus V.
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Pucynoxk 3 — I'paduk 3aBUCHMOCTH CTaTHUECKOM COCTaBIISAIOIIEH ITepeMeneHu it
BEPLIMHEI pe3lia B TOPU30HTAILHOM HalpaBleHUH BX oT ckopoctu pesanus V

HaGHIOIIaCTCﬂ KJlacCUYecKasi 3aBUCHMOCTh CTATHYSCKHX OTKJIOHCHUM pe3ma
OT TIIOJIOKCHHUA PAaBHOBECHA B YKa3aHHBIX HaIPaBJIICHUAX, 3HAYCHHUA KOTOPBIX
MMponopHHUOHAIbHBI ﬂeﬁCTByIOMHM COCTABJIIOMIUM CHJIbL PE3aHUA Px u Pz
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HpI/I 9TOM BJMAHUE CTCIICHU H3HOCA HC3HAYUTCIbHO, W MPOABIACTCA B
HCCYHMICCTBECHHOM HW3MCHCHUN BECJINYUH Bx u Bz. O):[HaKO, npu pacCMOTPECHUUN
IMMPOBEACHHBIX TOUCHUH B JAUHAMUKC, CUTyallus KapJUHAJIbHO MCHACTCS (pI/IC. 5, 6)
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Pucynok 4 — I'paduk 3aBUCHMOCTH CTATHYECKON COCTABIISIONIEH TIepeMeIIeHIIA
BEpIIMHEI Pe3Iia B BEPTHKAIEHOM HarpasieHun Bz ot ckopoctn pesanus V
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PucyHok 5 — I'paduk 3aBUCHMOCTH aMIUTUTYIbI KOsleOaHuit pe3na
B FOPU30HTAJIBHOM HanpasiaeHUH AX OT CKOpOCTH pe3aHus V

I'paduky TOKa3BIBAIOT, YTO BEJIMYMHA aMIUIUTYABl KOJEOAHWH MOXKET
CYIIECTBEHHO MEHATHCS B 3aBUCUMOCTH OT CTEIIEHU M3HOCa pe3la. ToueHne HoBOU
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PeXKYIIEH TUIACTHHOW COIPOBOXIACTCS CHIBHBIMA BHOPAIMSIMH B IIHPOKOM
JuanasoHe ckopocTedl pesaHus. OnmHako Iociie ee MpUpadoOTKH HabiomaeTcs
ycTOWYMBas 3aBUCUMOCTh aMIUIMTY/bl KojieOaHWi pe3na oT mapamerpa V ¢ SIBHO
BBIPAKCHHBIM JTHANIa30HOM CKOPOCTEl ¢ MaKCHMajbHBIM YpPOBHEM BHOpPALU.
ITocne mpoBenenus mopsinka 10-15 ToueHuil mposBIsSETCS AabHEHIINA H3HOC
pexylel TIIacTUHBI M CHIDKCHME YPOBHSA  aBTOKOJEOaHUM ¢ pocToM
IIePOXOBATOCTH 00paOOTaHHOH MMOBEPXHOCTH.
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Pucynok 6 — I'padk 3aBHCHMOCTH aMILIMTYABI KoJeOaHHi pe3na
B BEPTUKAIBHOM HaIlpaBiIeHUH AZ OT CKOpOCTH pe3aHus V

BoiBoabl. Takum 00pa3oM, HM3HOC pe3la OKa3blBaeT JAeMidupymoliee
JeicTBHe Ha KojeOaTenbHbI mponecc pesaHus. He3HauuTesnpHOE W3MEHEHHE
BENMYKMHBI (haCKU W3HOCA PEXKYIIEH IUIACTHHBI M0 3aJHEH NOBEPXHOCTH IPUBOINUT
K CYIICCTBCHHOMY CHIDKCHUIO aMIUIMTYABI KoyieOaHWi HMHCTpyMeHTa. JlaHHBII
(dakT HEOOXOIUMO YYMTBIBATH NPH pPa3pabOTKe METOAMKH MPOBEICHUS
UCCIIeIOBAHUH JWHAMHMKH IPOLECCOB MEXaHWYECKOH O0OpabOTKH, T.K. OT 3TOro
6y)1eT 3aBUCCTHh AJICKBATHOCTHL W TIOBTOPACMOCTH MOJYYAaC€MBIX PE3YJIbTATOB.
IlonoxuTenbHOE BIMSHUE HAJIMUMS (baCKI/I HU3HOCa II0 3az[Heﬁ IMOBEPXHOCTU Ha
JMHAMHMYECKYI0 KapTHHY Ipoliecca pe3aHusi TpeOyeT NalbHEHIIero M3ydeHws c
LEeNbI0 TOWCKAa COYETaHHH JaHHOTO MapamMerpa M pPEeKHUMOB pe3aHus s
JOCTIDKEHHSI BRICOKOTIPOU3BOIUTENBHON Oe3BHOpainOHHOM 00paboTKH.
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