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MEXAHW3M BO3HUKHOBEHUA KOJIEBAHUM ITPU OBPABOTKE
OJHOJIE3BUMHBIMHA KOHNYECKUMMU PAZBEPTKAMMU
OJHOCTOPOHHET O PE3AHUSA

YV cmammi npoananizosani npuuuny GUHUKHEHHA KOIUSAHL MA NPUEEOCHA CXeMA KOIUBANLHOL
cucmemu 0OHONE3BIUHOT PO32OPMKU OOHOOIMHO20 PI3AHHS, GUSHAYEHO CMANICMb [HCMPYMEHmY Ha
0CHO8I QUHAMIYHOT MOOei.

B cmamve npoananusuposanvl npuuunbl GOHUKHOGEHUSI KOACOQHUI U NPUBEOEHA CXeMd
KOeOamenvHou  cucmemvl  OOHONE3BUUHOU  PA36epmKy  OOHOCMOPOHHE20 —pe3anusl, onpeoeneHa
VCMOUYUBOCTIb UHCMPYMEHMA HA OCHOBE OUHAMUYECKOU MOOeU.

The article analyzes the causes of oscillation and shows a diagram of the oscillating system scan
single-edged cutting tool is determined the stability on the basis of the dynamic model.

ITpomecchl pe3aHns Ha METAUIOPEXKYIIUX CTAHKaX BCETJa COIPOBOXKIAIOTCS
BUOpaLMsIMH, KOTOpbIE TIPHBOASAT K IIOHWKEHHWIO TOYHOCTH M KadyecTBa
00paboTaHHOW NOBEPXHOCTH MAETalM, a TaKXKe IMPEXKIECBPEMEHHOMY H3HOCY U
MOJIOMKE PEXYIEr0o HWHCTPYMEHTAa. BO3HHMKHOBEHHE MEXaHHYECKHX KoJieOaHUM
(BuOpauumii) KpailHe HeXeJaTeJIbHO Ha MOCJEIHUX YHCTOBBIX OMEpalusIx
00paboTKu, KOT/ia pe3aHue MPOMCXOAUT IIPH OYeHb MAJICHbKUX IIyOMHAX, TaK KaK
3TO MOXET NPHBOAUTHh K Opaky rotoBbIx u3aeiuid. [IpobGnema BO3HHKHOBEHHs
BUOpaIMii aKTyallbHa IIPU METAILI000pa0OTKe HA CTAaHKaX, TaK KaK 3TO MPHUBOIHT K
CHIYKEHUIO ITPOU3BOINTEIBHOCTH U TOYHOCTH 0OPaOOTKH.

IMpouecc pesanust mpu 00pabOTKE MINHMHAENEH METAJUIOPEKYIINX CTAHKOB,
KOTOpBIE, Kak MpaBWIO, H3rOTABIMBAIOTCA W3  TPYAHOOOpadaThIBaeMbIX
MaTepuaoB, CONpOBOXaaeTcst BUOparusiMu. [Ipu 00paboTke TaHHBIX MaTepHaioB
BCET/la BO3HMKAIOT WHTEHCHBHBIC KOJEOAHMS TEXHOJOTMYECKOW CHCTEMBI,
CBSI3aHHBIE C BBICOKON JIWHAMMYECKOH HANpPSDKEHHOCTBHIO IIPOIecca Ppe3aHHs.
Bo3HukHOBeHHE KoneOaHMH 3aBHCHUT OT KOHKPETHBIX YCIOBHH 00pabOTKH H
COCTOSIHUSI YIPYTOH TEXHOJOTMYECKOW CHCTEMBI, BHJia 00paOOTKH, INIACTUYHOCTH
o0pabaTbiBaeMOro Marepuaia, peXXKUMMOB pe3aHust U psiia qpyrux ¢akropos [1, 3,
4, 6].

Lenpto paboTel  siBisieTCS  ompeaeneHHe  (U3MYECKOr0  MeXaHH3Ma
BO3HMKHOBEHHsI KoyieOaHMH IIpu 00paboTKe KOHMYECKUMH OJIHOJIE3BHHHBIMHU
pa3BepTKaMHu OJTHOCTOPOHHETO PE3aHMsI.
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Jnst DOCTMXKEHMs IIOCTaBJICHHOW LMW HEOOXOAMMO pEILINTH CIIeTyIOIIne
3a/a4uu:

— paccMOTpeTh U IPOAHATM3MPOBATh NPUYUHBI BOSHUKHOBEHHS KoJieOaHuii;

— OIPEIEINTh YCTOHYMBOCTD JIE3BUHHONW KOHMYECKOW Pa3BEPTKH Ha OCHOBE
JMHAMHYECKOW MOJIEINH.

[Tpu4nHBEI BO3HUKHOBEHWS M pa3BUTUS KOJEOAHUH B Ipolecce pe3aHus
MHCTPYMEHTAaMH OJHOCTOPOHHETO pE3aHMs, MO0 MHEHHI0 MHOTHX Y4YEHbIX
paszmmuns [1, 3, 4, 6]: 1) Bo30yKIeHNE HEYCTOHYMBHIX KOJIEOAHWI MHCTPYMEHTA
MO JCHCTBHEM HEMTMHEWHOW WM3MEHSAIOUIEHCS CHiIbl pe3aHust (MpH W3MEHEHUH
BEJINYMHBI NIPHUITYCKa W TBEPAOCTH ITOBEPXHOCTHOTO CJOs); 2) MapaMeTpHIECKOe
BO30yXX/I€HHE TIONEPEUYHBIX BHOpalMii BpalaloONICHCs pa3BEpTKH IIpU  €¢
HECUMMETPUYHOH  paguajbHOW  JKECTKOCTH  (M3-32  HECHMMETPHYHOTO
pacnonoxeHusi pabouMX PpEXYLUIMX M  HaNpaBIsIONIMX  AJIEMEHTOB); 3)
B030yK/IeHHe KoJeOaHWH 3a CUeT PereHepaTHBHOIO MeXaHM3Ma MNpHU JBHKECHHU
PEKYILIEro AJIEMEHTa 110 MOBEPXHOCTH 00padaThiBAEMOro OTBEPCTHUS, MOTYUYSCHHON
Ha MpeAlIeCTBYIOIIEH ONepalni.

ITockonbky, omepanus ~ pa3BepThIBAHMS  KOHUYECKHX  OTBEPCTHM
MHCTPYMEHTAMH OJHOCTOPOHHETO pEe3aHus o0iagaeT psSaoM CIenu(UIecKux
0COOCHHOCTEH, pacCMOTPUM MPUYMHBI BO3HUKHOBEHHUS KOJEOAHMH Ha OCHOBE
JUHAMHYIECKOW MOJIEeH mpolecca pe3anns. [lepBudHON NPHYNHON BO3HUKHOBEHHS
aBTOKOJIEOaHUH B IIpoIIecce Pe3aHus MOKHO HAa3BaTh OTCTABAHUE N3MCHEHHS CHIIBI
pe3aHust OT U3MEHEHHS TOJIIHUHEI cpe3a ((pa3oBast XapakTEpUCTHKA CHIIBI PE3aHNs)
[1]. DHeprueit, He0OOXOAUMOMN IS IOAEPIKAHUS KOJIeOaHUH OyIeT meproanIecKast
BO3MYyLIAMOIIas CHUIa pe3aHusi, Kotopas (GOpMHUpYyeTcs 3a CUeT IePEeMEHHOTr0
CEeUeHHs cpesa.

Haunbonee TouHO nuHaMU4Yeckas MOJENb Ipolecca 00pabOoTKH KOHMYECKHX
OTBEPCTUH OJHOJIE3BUIHON pa3BEepTKOIl OHOCTOPOHHETO pe3aHus (puc. 1) Moxer
ObITh omMcaHa cUCTeMOM nudQepeHnnanbHbIX YpaBHEHHH C HEITHHEHHBIMHU
XapaKTEPUCTUKAMH, a €€ JABMKEHUE KaK HeJlmHelHble Konebanus [1, 2, 4].

m-Ya(t)+ - Ya(t)+ct) Ya(t)= 3P, () -sin ot

m-Z:(t)+ & - Za (1) + oft)- Z: (t) = > P, (1) sin ot

re M — IpuBEACHHAs Macca HHCTPYMEHTa;

A — 060011eHHBIN K03 (DUITMEHT CONPOTHUBICHUA (IeMIpUPOBaHNS);

¢ — M3rubHas KECTKOCTh MHCTPYMEHTA;

Py, Pz — mpoekmun paguaabHBIX U TAHTCHIIMATBHBIX CHIT PE3aHUs.

Bo30yxneHne HeyCTOHUMBBIX KOJEOAHWI pPa3BEpPTKH IOJ JEHCTBHEM
HEYpaBHOBEUICHHONW CHJIBI  pE3aHusl IPUBOJUT K II0T€pe COOCTBEHHOH
YCTOMUMBOCTU HHCTPYMEHTA, HO TOJIbKO Ha HA4YaJIbHOM 3Talle Npoliecca pe3aHHusl.
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Pucynok 1 — KoHcTpyKkuus 0AHONIE3BUHHON pa3BEPTKU OJHOCTOPOHHETO PE3aHUs:
1 — pexxymuii aeMeHT; 2, 3 — ONOpHBIA 1 OOKOBOH HAIIPABJIAIOIINE IIEMEHTHI;
4 —xopmyc; 5 — aHka; 6, 7 — BUHT; 8 — KJIMH

Hns TEOPETHYECKOTO aHaImn3a KoJieOaHuH OT  BO3MYUICHHUH
HEYpaBHOBEUICHHON CHIBI, KOTOpas JAEHCTBYeT Ha PpEeXYyIIMH 3JIEeMEHT IIpu
pa3BepThIBAHUM  KOHHMUYECKHUX  OTBEPCTHH, BOCIOJB3yeMCS  OJHOMAacCOBOM
JMHAMHYECKOH MOJIETIBbIO Tella C IBYMsI CTeleHsIMU cBOOoIbI (puc. 2). MHCTpyMeHT
KOHCOJIBHO 3aKpeIUIeH M COBEpIIaeT BpalaTeabHoe (TJIaBHOE JBIDKEHHE PEe3aHUs)
U TOCTynaTtenbHoe (nBrKeHune nopaqu). KoHdurypamus Takoi cuctembl Oyaer
OIMCHIBATECSl TEPEMEIICHUSIMH B IUIOCKOCTH YOZ (B IONEpPEeYHOM CEYCHHHU
HHCTpyMeHTa). Bce Tpu pabounmx »5jIeMeHTa WHCTPYMEHTa JIe)KaT B OJHOM
TUIOCKOCTH ¥ HMMEIT KO3(Q(UIMEHTH CONPOTHUBICHUS (IeMIQHUPOBaHUSI) A H
K03 PHUIIMEHTHI KECTKOCTH C.

JIBmKeHUe TPHBEICHHON MacChl MHCTPYMEHTA OT MOJOXKEHHS PaBHOBECHS
MOXHO OTIPEJENUTh C MOMOIIBIO YPaBHEHUH NMPOCKIMH IIEpEeMEIICHNI IEMEHTOB
1, 2, 3 Ha ocu Y u Z. Ha pucyHKe Tarxke MOKa3aHBI MPOCKIIMHA COCTABIIIONINX
ycunuii pezanus Ha ocu Y u Z: Bosmymaromas cuna P, u Popp u cunsl Fy, Fppg 1
Fo, Follg, KOTOpBIe OyneM CUMTaTh BOCCTAaHABIMBAIOIIMMH, TaK KaKk OHH OyIyT
CTPEMUTBCS BEPHYTh WHCTPYMEHT B HCXOAHOE mojiokeHHe. C ydeToM OTHX
JIONYIIEHUH MOXKHO 3alMcaTh YpaBHEHUE JBIKSHHUS] MACCHI:

m-Yitd-Ya(t)+c(t) Yi(t)=
:[Pp +h '(COS(Pz ~ Mg SiNg, )+ F, - (cos o, — g sin (pl)]'Sin ot . @)

m-Zs+ - 2 (t)+ c(t)- Z:(t) =
= [—Pp ‘o —F, - (SiN @, + g COS @, ) — F, - (sin @, + 1 COS @, )] sin ot
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rae P, Fp, F, — pannambpHble COCTaBIAIOIIME CHIIBI PE3aHHMSA HAa PEXYIIEM,
HAMpaBJISIONMX OOKOBOM U OTIOPHOM 3JIEMEHTAX;

(¢1, G2 — YIJBI Pa3BOpOTa MEKAY PEXKYIIUM 3JIEMEHTOM W OIOPHBIM, HU
GOKOBBIM HAMPABJIAIOIINMHE DJIEMEHTAMH, COOTBETCTBEHHO;

Up, Mg — KOIDQUIMEHTH TPEHUS MEKAY PpabOUYUMH MMOBEPXHOCTAMHU
PEXKYIIEr0 M HAMPABIAIOIIETO DJIEMEHTOB C TMOBEPXHOCTHIO 00pabaThiBaeMOro
OTBEPCTHS, COOTBETCTBEHHO;

Fyo=—C- (Ylb,o COS P, , +Zyp, SIN (P1,2] : @)

Pucynok 2 — Cxema kosebaTenbHOI CHCTEMBI OIHOIE3BUHHON pa3BepTKU
OJTHOCTOPOHHETO Pe3aHus
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IMoncrasus Boipaxenus Fy, F, (2) B ypaBuenue (1) mocne npeobpasoBaHuit
HOJTYYUM:
P,-sinot=

- m.%m.\'{l(t)+c(t).Y1(t)+c[(vm-A+zm-B)+(Y10.C+zm.D)}-sin ot |

P, Hp-Sinot =

=-m-Zi-\-Zi (1) -c(t) - Z4 (t)+c{(Ylb-E+Zlb-K)+(Y10-L+Zlo- N)]sin ot

= (sin @, COS @, — g Sin’ (pz);
(sin @, COS @, — 1 Sin? (pl);
(HB sin ¢, cos ¢, +sin? (pz);
(Hs sin ¢, cos @, +sin® (pl)-

e A=(COSZ(p2 —ugsing, cos<p2);
C= (cos2 @, — Hg SiN @, COS (pl);
E=(
L

B
D
= ug cOS° @, +sin @, COS(pZ); K
N

= (HB cos® @, +sin @, cos (pl);

Ho nockoneky cuna pesanust P u ee mpoekuun P, — paguanbhas u Py, pp —
TaHT€HLUMAJIbHasl COCTABIIOILME, SIBISIOTCA HEJIMHEHHBIMU BEJIMYMHAMH, TO
HY’)KHO OTMETUTh 4YTO OHHM HEJIMHEHHO 3aBUCUT OT TOJIIUHBI cpe3a a.
HenuHeitHOCT CHIIBI pe3aHus Takke 00yCIIOBIICHa MPEPHIBUCTOCTHIO (Ha OOJIbIIEM
JaMeTpe KOHMYECKOTO OTBEPCTHsl LINMWHIENs pacroiaraercs [1-oOpa3ublii mas).
[TosTomMy W3MeHEHWE CHIBI pe3aHdsi OyAeT OTCTaBaTh OT 3aJaHHOH BEIMYHUHBI
Cpe3acMoro CJIOsl Ha BEJIMUYUHY T, TOTJa 3aBUCUMOCTH COCTaBISIOUINX CHUII PE3aHUs
MO>KHO 3armmcats [1]:

Pp =K, - b'al(t)yp ;
Pu, =K, -b-(A,-a,(t)" +8B,),

rae a,(t)=a,+esinot+yXxt-T—-1);

2 2 .
e=1Y, +Z] —9KCIEHTPUCUTET HHCTPYMEHTA;

® — yTJIOBasi CKOPOCTb HHCTPYMEHTA;
T — BpeMst 071HOTO 000POTa HHCTPYMEHTA;
T — OTCTaBaHUE U3MEHEHMs CHIIbI PE3aHUs OT TONLIUHBI CPE3AEMOTO CIOSI.
K;, Ao, Bo, yp — HOCTOSHHBIE, 3aBUCALIME OT I'€OMETPUYECKUX IapPaMETPOB
MHCTPYMEHTA U CBOIMCTB 00pabaTeiBaeMOro Marepuarna;
b — mmpuHa cpe3aeMoro cnos.
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K,-b-a - ()" sinwt =
—m- Vit a-Ya(t)+ot) Ya(t)+ c{(Ym~A+Zlb~ B)+ (Y, C+Z,- D)]sin ot

K,- b~(A0 -ay(t)r + BO)-sin ot =

- —m.'z'l—x-il(t)—c(t).zl(t)+c[(vlb. E+Zy K)+ (Y L+ Zyy N)]sincot

B o0wem cnydae HenuHEHHbIE KOJICOAHUS HE SBISIOTCS TAPMOHHYIECKAMHA 1
MX 9aCTOTHI M3MEHSIOTCS B 3aBUCHMOCTH OT aMIUTHTYAbl. HennHeHHOCTs cucTeMsl
ele MPOSIBIACTCS W B TOM, KOTJa OMOPHBIA W OOKOBOIl HAMPABJISIONIAC 3JIEMEHTHI
OyIyT HUMeTh MepeMeHHyl jkecTkocTh ¢(t) [5], BCrmenCTBHE HEpaBHOMEPHOTO
pacmpenenieHHsi  TpUIycKa  BIOJb  OOpasyromiedl  KOHMYECKOTO  OTBEPCTH,
THOJIy4CHHOTO Ha MPEABIAYIIeH oreparuu. B utore pesyabTUpYIONIas cHia pe3aHus
OyIeT cMelieHa B CTOPOHY BENMYMHBI OoJjbimero mpumycka [7]. Ha pucynke 3
[IOKA3aHbl KPUBBIE 3aBUCUMOCTH Harpy3KU OT IEPEMELICHUS Ul HEIMHEWHO-YIIPYTUX
HAIIPaBIIIOIIKX 3JIEMCHTOB C MEPEMEHHOM JKECTKOCTBIO, T/IE YoM HAKJIOHA KPHBOM
YBEIMYMBACTCS C POCTOM HArpy3Kd (YCpHBIA IBET) WIM YMEHBIIACTCS C POCTOM
Harpy3ku (kpacHbiii 1Bet). LLITprxoBast M CIUTOIIHAS JIMHAM HA PUCYHKE SIBISIOTCS
KacaTelIbHBIMM K KPUBBIM BHAuajle KOODAMHAT, a YrOJl HAKIOHA € XapaKTepu3yeT
HAYaJIbHYI0 JKECTKOCTh, @ HX CHMMETPHYHOCTh OTHOCHTEIBHO TOYKH Hadvaia
KOOpAUHAT I'OBOPUT O TOM, UTO HAIIPABJIAIOIIUE 3JICMCHTDI O6J'Ia}:[a}0T CHMMCTpI/I‘IHOﬁ
XapaKTePUCTHKOI BOCCTAHABITUBAIOIIICH CHIIBL.

Fo, Fo

Pucynox 3 — KpuBble 3aBHCHMOCTH Harpy3KkH OT MepeMEIeHHs IS HeTMHEHHO-YTIPYTHX
HAaIPaBJIIOLIMX 3IEMEHTOB C MIEPEMEHHOI )KECTKOCTBIO

I[JIH HUCCIICA0OBaHUA HEJIMHEHHBIX CHCTEM NPpUMCHAKOT METOA (ba3030r0
IMPpOCTPAaHCTBA. HpeZlCTaBJ'IGHI/IG rpomnecca B BUJC (1).’:130BBIX TpaCKTOpI/Iﬁ Ha IJIOCKOCTH,
COCTOUT B TOM, YTO BCA COBOKYITHOCTb BO3MOJKHBIX (I)OpM IponeccoB B HEJIMHEHHOMN
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JMHAMHYECKOH CHCTEME IPU pa3HBIX HAaYalbHBIX YCJIOBHUSX IIPEACTABICHA B BHJIE
emuHOro  (pazooro moptpera [8]. Tak Kak [BWKEGHHE pacCMaTpUBAEMOil
JIMHAMHYECKOIH CHCTEMBI — CUCTEMBI BTOPOT'O MOPsiAKA ¢ BemmauHamu Y 1(t) u Z;(t) To
MOXXKHO BOCIIOJIb30BAaThCSl JIaHHBIM MeTOJOM. KOHKpeTHOH rpymme HavdaibHBIX
yenoBuit Y1(0) = Yo u Z1(0) = Z39 6yAetr coOTBETCTBOBATh SAMHCTBEHHOE PEIICHUE
CHCTEMBI KaK OIPEAENICHHas COBOKYITHOCTh UCKOMBIX (DyHKIMi Bpemenu. [Toatomy
Ka)K/IOU TpyTIITe Ha4aJbHBIX YCIOBHI COOTBETCTBYET TOJIBKO OJJHA HadalbHAas TOUKA U
eIMHCTBCHHAs (ha30oBasi TPACKTOPHSA, a MHOXECTBY TPYII HAa4aIbHBIX YCIOBHH
COOTBETCTBYET CEMEIHCTBO TPAacKTOPHWi, KOTOPOE Ha3bIBAeTCS (Da30BBIM IMOPTPETOM
cucteMbl. PaccMoTpuM (ha3oBbIe TpaeKTOPUH ISl HEIMHEHHOW CHCTEMBI, KOTOPEIC
OymyT pacmonaraTbcs B INIOCKOCTH Y1Z;:

dy,
ditl =f,(Y1,2) 7
dz
ditl =f,(Y1,2Z)
rae fl n 2 — QyHKIMM M3MEHEHH BO3MYIIAIOIIEH M BOCCTAHABIMBAIOLINX CHJI

OT CMEIIICHUI;
Y1(t) u Z4(t) — dha3oBbic IepeMEHHBIE COCTOSHHSL.
Hckmouum Bpems:

0z, _f,(V1,2) _,
dy, f(Y.Z)

3(Yl’ Zl) '

Ha pucynxke 4 mpencraBneHbl (a3oBele  TPacKTOPHM  HEJIHHEHHON
JMHAMUYECKOW CHCTEMBI Ha pPHUCYHKe 4, a — cUcTeMa HeyCTOWYMBa, Ha PHCYHKE
4, 6 — cucrema ycroiumBa. J{7s peanbHOW AMHAMHYECKOW CHCTEMBI (ha30BBIC

o~ N\ N
|/ /= ’

\J

PucyHnok 4 — ®a30Bble TpaeKTOPUN HENMUHEHHON TMHAMHUYECKOH CHCTEMBI.

221



ISSN 2078-7405. Pezanue u uncmpymenm ¢ mexnonozuyeckux cucmemax, 2014, evinyck 84

HOPTPETH! OYIYT COCTOATH W3 MHOXKECTBA TPACKTOPHIA, MOJIOXKEHNUE KOTOPBIX OyaeT
OIIPEeNeNSIThCS. KOHKPETHBIMH YCIIOBHSIMH 0OpabOTKH (B 3aBUCUMOCTH OT HaYaIbHBIX
YCIIOBH).

IIpoananu3upoBaHbl ~NPUYMHBI  BO3HUKHOBeHUs KojeOaHui. Ilomyuena
JUHAMHUYecKass MOJeldb KOHHUYECKOM pa3BepTKH  OJHOCTOPOHHETO  pe3aHus,
MO3BOJISIIONIAsT OLICHUTh €€ YCTOHYMBOCTH. JlanpHeiime wuccnenoBaHus OynyT
HaIpaBJIeHbl Ha TPAKTHIECKOE ONPEACICHNE BBIXOAHBIX MTAPAMETPOB JTHHAMHYECKON
cucteMbl I8 (OPMYIHPOBAHHMS PEKOMEHIAIMH IO 30HaM  yCTOWYHMBOCTH
HMHCTPYMCHTA.
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