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TEXHOJIOI'TYHA JMHAMIKA TOHKOI'O PO3TOYYBAHHSI
OTBOPIB MAJIOI'O JTAMETPA

Anomauin. Y cmammi eusueHi 0cOOIUBOCMI KOIUBAHL KOHCOIbHUX OOPUIMAHE MAL020
diamempa (8 - 20 mm). AHATIMUYHO OMPUMAHO YMOBA GIOPOCMANOCMI NPU 3A0AHUX NAPAMEMPAX
3AMKHYMOI Ha npoyec pi3auHs npysucHoT cucmemu. EKCnepumenmanbHo U3HA4eHi XapaKmepucmuky
seunHux i obepmanvHux Koausawv. Illokasana mooiciugicmv 2acinHs KOMUBAHL NPU  HAKAAOEHHI
000amKo8UX 0CbO8UX GlOpayill 0 Hecmitkux bopwimane. Busueno cnocib posuupents mexnonozo-
OUHAMIYHUX MOJICIUBOCHEN HeCMIUKUX KOHCONbHUX OOPUIMAH2 ULISAXOM NONEPeOHbo20 CHUCHEHHS.
PO3MOUHOT ONPABKU, W0 3a0e3neyyc Ni0BUEHH Sl 32UHHOT JICOPCMKOCHII.

Knrouosi cnoga: xonconvrna 6opuimanea, 32uHHA HCOPCMKICMb, 00ePMOGi KOTUBAHHS, OCbOSI
8IOpayIl, 3aMKHYMA OUHAMIYHA cUCTiEMA.

BceranoBneHo, mo KoNMBaHHS MU (GiHIITHOMY PO3TOYYBaHHI € OMHUM 3 BaXJINBHUX (DaKTOPIB,
0 OOMEKYIOTh TOYHICTE 00poOKH. 1li kKoMMBaHHS SBASAIOTH COOOIO BiJTHOCHI CTATHYHI 1 JUHAMIYHI
MEpEMillleHHS PIXKYYOTo iHCTPYMEHTY 1 0OpoOnoBaHoi meTani, ki i BU3HAYAIOTh (DOPMOYTBOPEHHS
mpodimto moBepxHi. TakuM dYWHOM, KOJHMBAHHSI, IO 30YIKYIOTBCS B TPYKHO-AUCHITATHBHIN-
imepritinin  cucremi (ITAIC) BepcTara, MepeImKoMKaIOTh MOCATHEHHIO HEOOXiTHMX ITOKa3HUKIB
TOYHOCTI 00pobienux otBopiB. IlkignuBI KOMMBAaHHS BIUIMBAIOTH HA TOYHICTE OOPOOKH,
BiOOpaXkaroThcsl HA  €KCINTyaTAMiMHMX  XapakTEepHCTHKaX  OOJamHaHHS, HaNpHUKIan, Ha
MIPOYKTUBHOCTI, HAMIHHOCTI 1 JOBTOBIYHOCTI.

Crix 3a3Ha4MTH, IO 3HAYHE MiABHUIICHHS SKOCTI 00poOKHM OyII0 JOCATHYTO MPH BUKOPUCTAHHI
CTaTUYHUX 1 JUHAMIYHHUX PO3PaXyHKIB, a TaKOX HA OCHOBI CKCHEPUMCHTAIBHHUX JOCHTIIKCHb
BUMYITIICHUX 1 CcaMO30yIKyrUnxcs KOJHWBaHb. BimomMo, MmO B TEXHOJOTIYHIA JIHHAMIII
BUKOPHUCTOBYIOTh TIOHATTS 3aMKHYTOI AWHAMIYHOI CHCTEMH BepcTaTa, IO BKIIOYA€ HASBHICTH
3BopotHux 3B'3kiB MK IIJJIC i PII (poGounmmu mponecamu). IIoHATTS 3aMKHYTOCTI TO3BOJSAE B
TIePITy Yepry BUPINTYBATH 3aBIAHHS CTIHKOCTI JMHAMIYHOI CHCTEMH, a TAKOK BUBYATH BIIUB CTYIICHS
CTIMKOCTI Ha XapakTEPUCTHKW IMHAMIYHOI cHCTeMU. TOMy Ba)KIIMBO BHBUWTH CTYIiHB BIUIUBY
JUHAMIK{ TIPOLIECY PO3TOUYBAHHS HAa TOUYHICTH 1 MiHIMi3yBaTH NOXHOKHM MpH MeTanooOpoomi [1].

BimzHaunmo TakoXk, 10 B TEXHOJOTIYHIN AMHAMIIN JOCTIHKYIOTHCS 1 IPOOIEMH KOPUCHOTO
BUKOPHCTaHHS BiOpaIliif mpu pi3zaHHi, 0COOIMBO IPH BUKOPUCTAHHI YMOB €()eKTHBHOTO 3aCTOCYBaHHS
BiOpawiiiHoro pizanns [2].

Hdunamiuni cucTeMd 31 3MIHHHUMH [NapaMeTpaMyd Ha3WBalOTh HecTauioHapHumu. [lo
HECTAIIOHAPHOCTI MPU3BOIUTH, HANPHKIA, 3MIHHICTH JKOPCTKOCTI, IO HPHU3BOIAMTH 0 BIIKUMY
pi3is, a00 HEPIBHOMIPHICTh PUITYCKY Ha 00pOOIIOBaHii AeTai i iH.

HaBiTe mpocTuii aHami3 TEXHOJOTIYHHUX CHUCTEM TIIOKa3ye, IO 30yMKCHHS KOJIMBaHb B
CTaIliOHAPHUX TEXHIYHUX cHcTeMax (TOOTO NpH TMOCTIHHUX MapameTpax IHMHAMIYHOI CHCTEMH)
peaiizyeTbcs Ui aBTOKOJNMBaHL B HENIHIMHAX cHUCTeMaxX, a TaKoX IPU BIUIMBaX Ha BepcTar
HABKOJIMITHLOTO 00NajHaHHA. Bcel iHIm pxepena 30y/KCHHS KOJMUBAHb TOB'A3aHI 3 TEPEMIHHICTIO
napameTpiB TUHAMIYHOT CUCTEMHU.

HesBakatoun Ha MIMpOKe BUKOPUCTAHHSI KOHCOJBHUX OOPIINTAHT, a TAKOXK BEJIUKY KUIBKICTh
myOTiKaIiii 1o J0 KOJUBAHb i 0COOMMBOCTEH TOHKOTO PO3TOYYBaHHS, CIIiJl 3a3HAYUTH, 110 JUHAMIYHI
B3aeMoAil 1 BiOpocTamicTh mpouecy i OOpIUTaHr 3 JiaMeTpoM MeHIle 15 MM BHMBYCHO SIBHO
HEJIOCTAaTHBO, X04a B 0araThox JieTasix (B KOpIycax TipoanapaTypH, BUIKaX, MaTyHax i iH.) € TOYHi
OTBOPH MaJiuX JliaMeTpiB 3 BigHomeHusM 1/d>3x, ne | - goBxuna otsopy, d - miamerp. CKiIajgHICTh
00poOKM TakuxX OTBOPIB TONATaE B KOHCTPYKTHBHUX OCOOJMHBOCTAX OOpIUTAaHT Majoro AiaMmeTpa
(ds = 8-20 mm):

- YCTaHOBKa BiOpOTacHHKIB 3 HEOOXIJIHUMH XapaKTEPUCTHKAMHU JJISi TaciHHs KOJHMBaHb OOMeEKeHa
yepe3 KOHCTPYKTHUBHI HEMOKIIMBOCTI BAKOHAHHS JOCTATHBO1 MOPOKHUHH MiJl IX YCTAHOBKY;

- Maja 3TWHAIbHA KOPCTKICTh KOHCONMBHUX OopiITanr (Tadm. 1).

- CIIUIBHA JIisi 3THHHKX 1 00epTAIbHUX KOJIMBAHb, 10 BIUNIMBAIOTH HA SIKICTh PO3TOUYBaHHS;

- HEZI0CTaTHS BiOpOCTaNiCTh KOHCONBHUX OOPIITAHT TIPH 301JIbIICHHI TTTHOWHH Pi3aHHSI.

Hunamiuna xapaktepuctuka [IP BpaxoBye ABi BaXKIUBHX OCOOIUBOCTI:

- IHepIIHHICT TPOIIECY pi3aHHs, TOOTO BijicTaBaHHs 10 (a3l CHIIK pi3aHHs BiJ 3MiHK TOBIIWHU 3pi3y;
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- 3aJICKHICTh CHJIU Pi3aHHA Bijl NIBU/IKOCTI 3MiHH TOBIIWHH 3pi3y.

Tabmums 1
TMomaTnuBICTh AEIKHX KOHCONBHUX OOpIITAHT
Oopinranra
d, Mmm 1, Mmm K, mxm / H

30 0,06
45 0,1

15 60 0,21
75 0,4
24 0,05

12 36 0,09
48 0,15

3anmmeMo audepeHITiaibHe PIBHIHHS IS IPOCTOI OAHOBUMIPHOT MOJIETI:
T,P+P=—k,sinpu+k coso,u
ae T, - nocriiiHa 4acy CTpy:KKOyTBOPEHHS, 1110 XapaKTepu3ye iHEPLIHHICTh Ipolecy,
@, -KyT, KUl IPOEKTy€e HANPIMOK KOJIMBAaHb Ha HAIIPSIM FOJIOBHOTO PyXy [3]
k, - koedimieHT pizaHHs,
ks - mBHaKiCHUI KOE]IIli€HT,
P - noxigHa cuiM pizaHHs 10 4acy.
[Tpu 30iry HaNpsAMKIB CHIIM Pi3aHHSA i TOJIOBHUX OCEH KOPCTKOCTI CUCTEMHU MOXKHA MPUIHATH
k~=0,asing, =1.
3anunieMo PiBHAHHS PyXy 3aMKHYTOI JUHAMIYHOT CHCTEMH BepcTara 3 OJHUM CTYICHEM
BUTBHOCTI:
my +by+cy =P
L4 % P= —kp y
JIe y - paniajgbHe KOMHBATBHE MEPEMIIIIEHHS Pi3Ill 00 AeTai,
¥y, V - LIBHAKICTH | IPUCKOPEHHS KOJIMBAJIBHHUX HEPEMIIEeHb,

(1

m - IpUBEJEHA Maca NPYKHOI CUCTEMU,
b - xoediuienT nucumnanii,
C - JKOPCTKICTb MpYXKHOi CHCTEMH B HaNpsAMKYy TOJOBHOi cKianoBoi cuim pisanns, T, =alv,
a - TOBIIMHA CTPY>KKH, V- IIBUJIKICTh PI3aHHA.
it po3paxyHKy KPUTEPIIO CTIHKOCTI, BAKOPHUCTOBYIOUM 3HAYSHHS IEPIIOi BJIACHOI YacTOTH

.. c I . "
IPYKHOI CUCTEMH () = |— , BBeTEMO 6e3p0o3MipHi TapaMeTpH - 6e3pO3MipHHiL Yac T = @t .
m

PiBustaust (1) mpeicTaBUMO y BUTIISIT

magy+baw,y +cy = P

: ()
T,0,P+P=-k,y
[Ticist mepeTBOPEHb i BBEAECHHS MO3HAYCHL ISl Oe3po3MipHuMX mapamerpis () =——, nucumaris,
ma,
© = w,T, cncrema (2) Habyse BULIIATY:
P
y+Qp+y=—
B 4 B 3)
OP+P=—k,y
Bin piBusiab (3) nepeiizeMo 10 0HOro JUdepeHIiATLHOTO PIBHSIHHS:
Oy +(1+600)y+(O@+Q)y+1+y)y=0, 4)

© Aiimen Andaxym, O.A. Oprisn, I'.B. bananok



8 "[IEPCIIEKTUBHI TEXHOJIOIII TA IIPHJIAZIU" Jlyyok, 2019. Bunyck Nel4

ne y =—% - xoediuient 38's3aH0cTi Mpyx)HOI cucTemu 3 I1P.
c

XapaKkTepuCTHYHE PiBHSHHS MA€ BUTIISL:
3 g _
a,z” +a,z" +a,z+a, =0,
nea, =0; a,=1+0Q; a,=0+Q; a; =1+y.
Bignosigno /1o kputepito Payca - ['ypBina cTIfKICTh peanizyeThes mpH:
a, =0; a, >0, a, -0 1 aa,—aya, =0, 00TO0
1+6Q)O+Q)-6(1+y) >0,
3BIIKH
y<QO+0"'+Q). (5)
-1 i & ' g .
nosHagatoun QO +0O " +Q) =y, - rpaHndHe 3HaYeHHs KoedillieHTa 3B'I3aHOCTI IPYXKHOI CHCTEMH
3 IIP, oTpumaemo
7<7,=Q0+07"+Q) (6)
Bupas (6) no3Boisie, 3HAOYM MapamMeTpud 3aMKHYTOI JIUHAMIYHOI CHCTEMH, MPOTHO3YBaTH
CTIWKICTB 1 Ipane3AaTHICTh IHCTPYMEHTY TPH Pi3aHHI.
3arajgpHi BUIAM Ta CXEMH EKCIIEPUMEHTAIbHUX CTeHIIB, 3i0paHmx Ha 0a3i 00poOHO-

PO3TOUYYBAIBHOTO BEPCTaTa 3 TOPU3OHTAILHUMH IINMUHCILHUMU TOJOBKaMU, HaBeeHl Ha puc. 11 2.
EnemeHTH CTEHIIB NO3HAYEH] HA CXEMaX.

Puc. 2. Cxemu ekciepuMEHTaNbHUX CTCHIIB IS AOCITIKCHHS KOTUBAHb OOPILTAHT:
1 - TaxomeTp; 2 - MIMUHSIBHA TOJIOBKA; 3 - MEPETBOPIOBAY YaCTOTH; 4 - 3aTOTOBKA;
5 - bopmrTanra; 6 - MPUCTOCYBaHHSI; 7 - TEH30PE3UCTOPH; 8 - 1'e301aTUHK; 9 - aHATI3aTOp CIEKTPY
BiOpaiif; 10 - mpucTpiit peecTpaiii KodauBadb; 11 - mepcoHaTbHHUN KOMI'IOTED.

OO0poOsuncs 3pasku 31 craii 45 1 yaByny CU-18 KoHCOJIBHUMH OOpIITAHTaMU JliaMeTpaMu
d, = 10, 12, 15 1 20 mm npu 1/d>4, ToOTO BUBHaNMCS HecTiliki pexumu. YacToTh obepraHHs
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mmuagaens f,, = 16, 18, 20 i 25 I'n npu mBuakocti pizanns v = 150 - 200 mM/xB, rimubOuHax pizaHHS
t, = 0,051 0,07 mm, 1 nogavax S = 28 i 40 Mmm/xB. BuMiproBanucs aMIIiTyAd KOJIMBAaHb Pi3LA ay, az 1
d,, BUKIMKAHI BIATOBIZHO BUTHHAMH B TOPU3OHTAJIBHOMY 1 TaHTCHIIaJBHOMY HaNpsAMKax 0
00po0IroBaHoi AeTai, i 00epTanbHi KOIHBaHHS.

Jl1s aMIIiTy s KOIMBaHb BUKOHYIOTHCS CIHIBBiAHOIIEHHA a, = (0,1 - 0,6)a,, az = (1,1 - 1,5)a,,
IpUYOMY a,/a, 3HAYHO 3MEHINYEThCA 31 30UIbIIEHHAM JliameTpa GopiuTaHry. 30UIbIIEHHS TITHOUHU
pi3aHHA t, OPU3BOAUTH A0 CIUIBHOIO POCTY BCIX aMIUNITyA. 3TUHI KOJMBAHHS PO3BUBAIOTHCS Ha
gactotax 0,4 - 2 x['m ma amiamerpax Oimbmux 12 MM, a Ha MEHIIUX JiaMeTpax 3'SBISIOTHCS
BUCOKOYACTOTHI rapMoHikH (3 - 7 k['I), BiAMOBITHI BIACHUM YacTOTaM 00epTalbHUX KOJIUBAHb.

Ha pumc. 3 HaBemeHi ocipuiorpaMu 3rMHHUX 1 0OOepTadbHUX KOJNWBaHb, a Ha puc. 4 -
ocITIorpaMa 3 BHKOPHCTAaHHSAM JTOZATKOBHX OCBHOBHUX BiOparliii sl AOCTIIKEHHS MOMKIHBOCTI
3MEHILIICHHS aMIUTITy/ i 3TMHHUX KOJHMBAaHb HAaKJIaJCHHAM OChOBUX BHUMYIICHUX KOJHMBAaHb 3
ammutitynoro 0,25 MM nipu gacToTi 30ypenns 18 '
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0) o0epTasibHi KOJIUBaAHHS BJacHa YacTora f,; = 2000 I'n
Puc. 3. OcimnmorpaMu 3rHHHAX 1 00epTaTbHUX KonuBaHb: n = 980 06/xB; S = 0,23 Mm/00;
t,=0,05 mm.

A=10

Users/shal/Desktop/tsligramaall (0711_135142 - Time function F(t) A)

Puc. 4. OcumsiorpaMa 3 BUKOPUCTAHHSIM JIOJIATKOBUX 0ChOBUX BiOpaitiii 1/d = 6:
n =980 00/xB; S = 0,23 mm/00; t, = 0,05 mm.

ExcriepuMeHTH CBiI4aTh MpPO MOXJIMBICTE €(PEKTUBHOTO TaciHHA 3THHHHX KOJHBAaHb
HECTIHKUX OOPIITAHT 3 BUKOPUCTAHHSM J0IaTKOBHX OCHOBUX BiOparfii.
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Hamu takox 3ampornoHoBaHa KOHCTPYKTHBHA MOKIJIMBICThH 301TBIIEHHS 3THHHOI dKOPCTKOCTI
OOpIITaHT MAJIOTO JiaMeTpa MUIIXOM MONePEeTHHOTO CTHCHEHHSI TAKUX ONPABOK.

B excriepuMeHTax, BAKOHaHUX Ha TpyOax, MOMepeHbO CTHCHYTHX 3a JIOTIOMOTOIO BCTaBICHUX
Y HUX MIMAIBOK, IiaMETPOM MPUOIN3HO PIBHUM BHYTPIIIHEOMY AlaMeTpy TPYOH, IPH Pi3HUX OChOBUX
CTHCKAIOYMX 3yCHIIb (pHcC.5), OyIu OTpUMaHi 3HaYCHHS 30UIbIIEHUX KOPCTKOCTEH.

Puc. 5. BuBueHHS 3rWHHOT KOPCTKOCTI OMIEPETHBO CTUCHYTHX TPYO.

ek 3arBUHYYIOTH B TpyOWM 3a JOTOMOTOI AWHAMOMETPUYHHX KIFOUIB, a 3THHHI
JKOPCTKOCTI BUMIPIOBAIUCS B PAialIbHOMY HAIPSMKY.

Ha puc. 6 mpencrapiieHa KOHCTPYKISI OOPIITaHTH 3 TONMEpPEAHIM CTHUCHEHHSIM OCHOBHUM
3YCHIUISIM, a B TaOHII 2 HaBeAeH]I 3HAUEHHS JKOPCTKOCTEH.
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Puc.6. Koncrpykuist OopIutanri 3 monepeaHiM CTUHCHEHHAM: | - KopIyc; 2 - IIMUIIbKa;
3 - pisneyrpumyBad; 4 - pizenp; 5, 6 - peryaroBalibHI TBUHTH.

Tabnunsg 2
3HaueHHs 3TMHHUX XKOPCTKOCTEH OOPIITAHTH MPH 3MiHI 3HAUYCHb OCLOBUX 3yCHITh

Bopmrranra d = 16mwMm, 1/d =6

panianbHe 0e3 HaBaHTaKEHHS OcpoBi 3ycniuisi ctucHenHsi, H
HABaHTAXCHHS 4000 8000 13000
20H 2,5 H/ Mmxm 2,9 H/ MM 3,2 H/ MM 3,3 H/ Mxm

Coig TakoX 3a3HAYMTH, IO 30UIBIICHHS CHUJIM CTUCHEHHS OOPUITAHT MPHU3BOJUTH JIO
301IBIICHHST iX JKOPCTKOCTi, IO MJO3BOJISiE 30UMBIIMTH JOBXHHY PO3TOUYBaHHS 1 3a0e3meuye
3MEHILICHHS aMIUTITYZ BUMYLICHUX KOJIMBaHb B 2-3 pa3u.

BucHorku:

- Koncoubhi 6opiiranru 3 giamerpamu MeHie 20 MM MalOTh Mairy BiOpoCTamicTh.

- AHaTITHYHO BUBEICHO YMOBY BiOPOCTAIOCTI OOPLITAHT MPHU 3aJaHUX YMOBaX 00pPOOKH.
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- BuBdeHo o0coOJMBOCTI BHMYIICHHMX KOJHMBAaHb, HAaBEJCHI XapaKTEPUCTHKH 3TUHHHUX 1
obepTanbHUX (HOPM, a TAKOXK iX CHIBBIIHOIIEHHS aMILTITY/I i YaCTOT.

- [TokazaHa MOKJIMBICTH TaCiHHSA 3TMHHUX KOJWBAHb 3 HAKJIAJECHHAM JOJATKOBHX OCHOBHX
BiOparIiii.

- BuBueHO po3UIMpEHHS TEXHOJOTO-TUHAMIYHUX MOMIIMBOCTEH KOHCOJNBHHMX OOpINTAHT 32
PaxyHOK TOMNEPEJHBOTO0 CTUCHEHHS, IO TPHU3BOJAMTH JO MiJBUIICHHS 3THHHOI JKOPCTKOCTI i
BiOpOCTANOCTI.
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AiiMen Aabakyui, O.A. Oprusiy, I'.B. bajganok
Oneckuii HAIMMOHATHHBIN MOJINTEXHUIECKUH YHHBEPCHUTET
TEXHOJOI'MYECKAA ITMHAMUKA TOHKOI'O PACTAYUBAHUSA
OTBOPOB MAJIOI'O IUAMETPA

AHoTanusa. B craThe M3yUEeHBl OCOOCHHOCTH KOJICOAHWMI KOHCOJBHBIX OOPIITAHT Majoro
mrametpa (8 — 20 MM). AHATUTHYECKH IOJYICHO YCIOBHE BHOPOYCTOWUIMBOCTH TIPH 3aJaHHBIX
napaMeTpax 3aMKHYTOH Ha TPOIECC PE3aHUs YINPYrod CUCTEMBI. DKCIEPUMCHTAILHO OIMPE/ICICHBI
XapaKTePUCTUKH M3THOHBIX U KPYTWIHHBIX Konebannil. [lokazana BO3ZMOXKHOCTP TalleHns KojiebaHni
NP HAJIOKEHUH JOMOTHUTENFHBIX OCEBBIX BHOpAIIHi A1l HEyCTOMUMBBIX OopriTaHT. M3ydeH cnocod
pacIIMpeHus TEXHOIOTO-AMHAMHYCCKUX BO3MOXKHOCTEH HEYCTONYMBBIX KOHCOJIBHBIX OOpIITaHT
MyTeM TMPEABAPUTEIHLHOTO CXKATHS PACTOYHOW OIMPAaBKH, YTO OOCCIICUMBACT NOBBINICHUE HM3TUOHOMN
KECTKOCTH.

Aimen Albakoush, A. Orgiyan, A. Balanyuk
Odessa National Polytechnic University
TECHNOLOGICAL DYNAMICS OF FINE BORING
HOLES OF SMALL DIAMETER

Abstract. The article particularly studied oscillations cantilevered boring bar of small
diameter (8 - 20 mm). Analytical condition vibrostability obtained with given parameters closed on the
process of cutting the elastic system. Experimentally the stands fluctuations console borshtangi
studied. In the measurements of forced oscillations used piezoelectric and strain gauges. We define the
value of the flexural stiffness and the natural frequencies of the console of the boring bar. In the
experiments in accordance with the theory of the vibrating cutting investigated the possibility of
unstable damping boring bar (I/d>4) using additional axial vibrations with a certain amplitude and
frequency. Shows oscillograms of flexural and torsional oscillations, their frequency and amplitude.
Submitted estimating the ratio of amplitudes and frequencies of the flexural and torsional oscillations.
It provides a method for increasing the flexural rigidity of the boring bar. Investigated increasing the
flexural rigidity of the boring bar unstable with 1/d>4 by precompression of the boring bar, which
increases vibration during cutting. An example of the construction of prestressed boring bar as well as
the values of the flexural rigidity.

Key words: cantilevered boring bar, flexural rigidity, torsional vibration, axial vibration,
closed dynamic system.
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