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BU3HAYEHHS PO3PAXYHKOBOI BUCOTH I'PEBIHIIB IIOPCTKOCTI ITPA
OBPOBJIEHHI ITPO®LIIO AETAJIEU METOJ1OM OI'MHAHHSA

B pobomi nasedeno pezynvmamu 00cniodceHb RPUpoOU YMEOPEHHs 2pebiHYié WOopPCmKOCmi nogepxwi, 06pobnenol
baeamone308um IHCMPYMEHMOM MemoOOM OSUHAHHA. YKazani obnacmi UKOPUCTIAKHS 00EPAHCAHUX 3ANEHCHOCEN MA CMEniHb ix
8i0N0GIOHOCMI PeanbHOMY 00POOIEHHIO.

Knrouoei cnosa: wopcmxicms nogepxii, NOGepxHs Pi3ants, MEIPHA | HANPAMHA THCIMPYMEHMANbHOT NO8EPXHI, NOOAUA.

MAZUR MYKOLA
Khmelnytskyi National University

DETERMINATION OF THE CALCULATED HEIGHT OF ROUGHNESS COMBS WHEN PROCESSING
THE PROFILE OF PARTS BY THE ENVELOPING METHOD

The paper presents the results of studies of the nature of the formation of roughness ridges on a surface machined with a multi-blade tool
by the enveloping method. It is indicated that the height of the actual irregularities consists of the height determined by the profile of the cutting
edges of the tool, the feed and can be calculated, and some increase that depends on the processes of plastic deformation in the cutting zone, friction
on the contact surfaces and other factors. Studies by various authors have established that at cutting speeds greater than 2 m/s the profile of the
actual irregularities differs little from the calculated ones. The problem of determining the latter is especially complicated when machining surfaces
by the enveloping method due to the great variety of shapes of the cutting edges and the complex kinematics of such processes. The paper proposes
to determine the height of the irregularities as the sum of their components in the plane of the generating cutting surface and the guide. Despite the
different shapes of the cutting edges, due to the small feed per cutting cycle at the contact points that form the roughness profile, this profile can be
represented as formed by arcs of circles, the curvature of which is equal to the curvature of the cutting edge and the nominal cutting surface in the
contact area. In the case of straight cutting edges or the nominal surface of the part, it is assumed that the radius of curvature is equal to infinity.
Formulas of dependencies describing different shapes of cutting edges and nominal surfaces of the part are obtained, and recommendations for their
use in various processing methods are also given. The error from the use of these dependencies does not exceed several percent, which is acceptable
for technological calculations.

Keywords: surface roughness, cutting surface, generator and guide of the tool surface, feed.

ITocTaHoBKa MpoO/1eMH y 3arajiIbHOMY BHIJISIAI
Ta 1i 3B’5130K i3 BOYKIIMBUMU HayKOBUMH UM [TPAKTHYHUMU 3aBJaHHIMU

3ajnaya BU3Ha4YeHHs (HOPMH Ta PO3MIpiB MiKporpodinro (mopcTkocTi) 06pobiaeHoi MOBepXHi B OLIBLIOCTI
BUIIAJIKIB BUPILIYETHCS JIBOMA CIIocO0aMu: pO3paxyHKOBHM Ta eKCIIEpUMEHTaIbHUM. OTpHMaHi pe3ysbTaTd 3HaYHO
pi3HATBCA MiX c0000, IO OOYMOBIICHO CKJIAJHHM XapaKTepOM BIUIMBY IPOIECIiB IDIACTHYHOI Aedopmarii B 30HI
pizaHHs Ha AidCHUHA Mikpornpodins moBepxHi aetani. OMHAK MPH MMBUAKOCTIX pi3aHHS, OUTBIINX 2 M/C, PI3HUIT MiXK
3HAYEHHAMH BHUCOTH MIKponpodinto R., BU3HAYCHOI JBOMa CIIOCOOaMH, CTa€ MPaKTHYHO He3HayHOIo [1]. 3a3HaueHa
o0JylacTh MIBUAKOCTEH pi3aHHS 3a3BHYail 3aCTOCOBYETBHCS Ul 0araToje30BHX IHCTPYMEHTIB, OCHAIICHUX TBEPANM
CIJIaBOM, TOMY B JAHOMY BHUITQJIKy PO3PaxyHKOBI CIIOCOOW € MOXKIIMBUMH /711 BUKOPHCTAHHS,

AHaJi3 pocaizkeHb Ta myoaikanii

B po6ori [1] HaBeneHO OCHOBHI NPUYUHH, 1[0 HIPUBOASATH 10 BIIMIHHOCTI MK PO3PaxyHKOBUMH 1 JIHCHUMHU
HepiBHOCTSIMH 00poOieHoi moBepxHi. BkasyeTbcs, 110 11i BIIMIHHOCTI 3MEHIIYIOTHCS NMPU BEJIMKUX LIBHIKOCTIX
00poOIeHH s, XapaKTepHUX Juisi OaraToyie30BUX IHCTpyMeHTiB. ABTopu [3, 4] aHaNi3ylOTh CTPYKTYpY LIOPCTKOCTI
00pobIeHo1 TOBEpXHi, 0COOIUBOCTI 11 BUMIPIOBAHHS 1 BITMB YMOB 0OpOOJICHHS Ha i BHCOTY. Y JOaHWi Yac Bimoma
BEJIMKA KUTBKICTh PO3PAaXyHKOBHX 3aJIS)KHOCTEH JUISI BU3HAUCHHS BUCOTH HEPIBHOCTEH 00pOOIIeHOT MOBEPXHi, 001aCTh
3aCTOCYBAHHS SIKMX OOMEXKYETHCS KOHKPETHHUM BHJIOM IHCTPYMEHTA Ta CXEMOIO pi3aHHS. 3acTOCYBaHHS TaKOTO K
migxomy 10 0araTosie30BUX iHCTPYMEHTIB, 1[0 IPANIOIOTh 3a CKIAAHUMH cXeMaMH (hOPMOYTBOPEHHS, 3HAYHOIO MipOIO
HE BUIIPABJAHO Yepe3 3HauHy Pi3HOMAaHITHICTh BUKOPHCTOBYBAaHHMX CXeM 00poOieHHs. B poboti [2] ananmizyerbes
TeOMeTpisl HepiBHOCTEH TOPOBOI MOBEPXHi, 0OPOOIEHOI METOZIOM OTMHAHHS, ajle PO3TISIHYTI TUIBKU pajiycHi hopMu
npodiniB pi3anbHOI KPOMKH 1 HOMIHAJIBHOI IIOBEPXHI JieTalli Ta O/nH 13 crocobiB iX koHTakTy. [To3za Mexxamu yBaru
JMIIMIOCH OOpOOJIEHHS 1HCTpyMEHTaMH 3 NPSAMONIHIHHOIO pi3albHOI0 KPOMKOIO, @ TaKOX OXOIUTIOIOYHM
IHCTPYMEHTOM.

DopMyJIIOBAHHS i€l cTaTTi

MeToro poOGOTH €: CTBOPEHHS €IWHHUX 3aJIKHOCTEH Ui OOYMCIICHHS PO3PaxyHKOBOi BHCOTH TpeOiHIIIB
MIOPCTKOCTI ISl iHCTPYMEHTIB, IO MpPAIIOIOTh 32 METOJOM OTHHAHHS, a TaKOXX BCTAaHOBJICHHS 0O0OJacTeil ix
JIOIYCTUMOTO BUKOPHCTAHHSI.

Buxusiax ocHOBHOTo MaTepiaiy

Po3B'si3anHs 1i€i 3a1a4i po3MIITHYTO Ha MPUKIaAi 00poOIIeHHs TypOiHHOT JIOaTKH AUCKOBUM IHCTPYMEHTOM 3
KPYrOBOIO pi3aJIbHOI0 KpOoMKOr (puc. 1). JluckoBuit Garato3yOuii iHCTpYMEHT crioyaTtky oOpoOJjse OmHy CTpiuKy
nonepeyHoro npodisro gonarku (puc.l, a), a NoTiM BinOyBaeTbcs 3CYyB IHCTPYMEHTa HA BiJCTaHb S, 115t 00poOIEeHHS
HACTymHOI cTpiuku (puc.l, 0).
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I'peGinmii MOPCTKOCTI MOBEPXHI JETalli € He3pi3aHUMH YacTHHAMHU TPHITYCKY 3a OJHMH LUKI POOOTH
iHcTpyMmenty. X Mikpornpodinb, 3a3BMyaii, MiCTUTBCS MiX TOUKAMHU JOTUKY HOMiHambHOI moBepxHi aetami (HIT) i
noBepxHi pizanns ([IP) y nBox mocmimoBHuX ii mMONMOXEHHSX, 3MIMIEHWX 3a OAWH IMKJI pi3aHHA: y Hepepisi,
HOpMaJIbHOMY 110 HanpsiMHOI [P, sike iHCTpyMeHTIB - TiJ1 0OepTaHHs - € OCBOBUM IepeTHHOM (puc.1, 6) i y miIomuHi

HATPSAMHOI — KoJia o0epTanHs (puc. 1, a).

I<i p1r<0

-
_____ : p2r>0
\ Rz
(A
I
ko
0)

Puc. 1. Cxema Bu3Ha4YeHHS NPo(diaio rpebinniB mopcTKocTi TYypOiHHOI JONATKH 0000 1I0BAaHOI JUCKOBHM iHCTPYMEHTOM 3 KPYTOBOIO
Pi3a/IbHOI0 KPOMKOIO METOIOM OTHHAHHS: a) - Y IJIomuHi HanpsiMuoi [P, 6) - y muiommni TBipHOi ITP

CyMapHy BHCOTY PO3paxyHKOBHX HEPIBHOCTEH NMPUHHITO BU3HAa4YaTH 3a hopmylioro [2]:
Rsz:Rzpr + Rsz s (1)
ne R.,-— BHCOTa MONEPEYHUX HEPIBHOCTEH, BUMIpsiHA Yy IUIOUIMHI, JOTHYHIN 0 TBIpHOI iIHCTPYMEHTaJIbHOI

TIOBEPXHI;
R:pr — BHCOTA IO37I0BXKHIX HEPIBHOCTEH, BUMIPSIHA y TUIOLIKHI, TOTUYHIH 10 HAPSAMHOI IHCTPYyMEHTaIbHOT

MTOBEPXHI.
Amnami3z OimbmocTi croco6iB 06pobaerns HITJI mMeTomom OrMHaHHS ITOKa3aB, IO BHACIHIIOK HEBEIUKOTO
smimeHHs [1P 3a oxuH 1wKy pizaHHs npodini kpuBux 1, 2 1 3 B paiioHi TOYkA A MOKHA 3aMIHHTH IyTaMHU Ki, pajiycu
SIKHX (P11 p2) TOPIBHIOIOTE pajilycaM KpHBH3HHU KpuBUX 1 13 B TOUmi A y BifmoBinHii miomuHi (puc.2). Hamani npuitasTo,
o p > 0 sSKIIo JiHii mepepizy omyki, i p<0 - SKIIo yBITHYTI (471 BUIaIKy, 300pakeHoro Ha puc.2 pi>0 i p2>0).

Puc. 2. Cxema BH3HA4YeHHs R. IPH BiICyTHOCTI OMTTS pi3aJbHUX KPOMOK

Topni 3 reoMeTpuyHNX TTIOOYI0B MaeMO:
Rz =C0, — pq,
- e pi-pajiyc KpUBHU3HU JIiHii nepetuny miomunay TipHoi [1P 3 HIT/I y Toumi A;
p2 - paziyc KpUBHM3HH JiHIT ocboBoro nepepisy I1P y Toumi A,
S - 3mimenns [1P 3a onuH UK pi3aHHS.
[IpoBenemo neski nepeTBOpeHHs. 32 TEOPEMOIO KOCHHYCIB [uist TpuKyTHHKA C0,0,:

P% = (C01)2 + (p1 + .02)2 —2(p1 + p)CO;cosp,

e @ = S/Zpl' 3BigKu:
CO; = Rz + p;. Ilicns mepeTBOpeHb:
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_ pi(pL+pa)cosp — pf — pips
p1 — (p1 + p2)cosp

Rz 2

Tax sIK KyT ¢ TIp{ BUKOPHCTOBYBAHHUX S JIOCUTH MAIIFIHA, TO 3HAYEHHS COS( MPAKTHYHO He Binpi3asteThes Bix 1. [TincraBmvo
11e 3HaYeHHS Y 3HAMEHHUK BUpazy (2). ITicist mepeTBopeHs OynemMo MaTu:

_ P1(p1 + pz)cosg — pi — pip,
—P2

Rz

= (p1 — prcosp) (1 + pl/pz)- 3)

Bupas p; — p, 0S¢ Br3HauYa€e BUCOTY /i CTPUIKH yTH IOBKHUHOKO S Kota 3 (juB.puc.2). Uepes MasticTb S MO>KHA 3aMIHUTH

Iyry Koma xopzoro. Topi:
2
h=P1_,IP12_S /4

AJIe TaKiM K€ BHPa30M BI3HAYAETHCS BICOTA TPEOIHII IIIOPCTKOCTI PH TTO3I0BKHEOMY OOTOUYBAHHI Pi3IIeM i3 KPYTOBOIO
PI3AIBHOO KPOMKOIO pajiiyca p, . SIk Bimomo, 11 (popMyrma 3aMiHIETHCS CIIPOIICHORO:

2 2
h=p1—p1605<pzp1—,/p12—5/4z5/8p1- C))

[icnsa migcranoBku Bupasy (4) y popmymy (3) maemo:
_S5? §?
Rz=Sfg, +5%g, . 5)

Sk BumHO 13 popmy (4) i (5), mepira gacTiHa Brpasy (5) BU3HAYAE BUCOTY CTPUIKH IyTH pajiyca p,, a Apyra — pauiyca
p1- pu p; > 0 mi 3HadeHHs BigHiMatoThes (puc.3, Nel), a mpu p; < 0 (muB. puc.3, Ne2) - nomarotecs. Tomy y
HaOMKeHii Gopmyi (5) Oyxe odeBHIHUM 3HAK «MiHyc». Lli 1Ba BUmMagky MaroTh Micie npu p, > 0. Pasom 3 TimM,
TIOBEPXHS JIETalli MOXKE YTBOPIOBATHCSI OTHHAIOUMMH NPSIMOJIIHIHHUMU Pi3ajJbHUMH KPOMKaMH P, = 00 (00poOiIeHHs
€BOJILBEHTHOTO MPO(DiII0 3y0uaTux KoJic 3y00CTPyraabHOK IpeOiHKOK) ad0 OXOIUTIOIYUM IHCTPYMEHTOM p, < 0
(Hapi3zaHHsI KPYITHOT pi3i 1 YepB’sIKiB OXOILTFOIOUYNMH TOJIOBKAMH).

Ne3 Ne4
Puc. 3. BapianTu yreopennst rpeSiHist tnopcriocti npu 06podsienni meronom oruHannst: Nel — pumyki TP § HITJ; Ne2 — pamyxcna ITP i seirmyra HITJT;
Ne3 —npsivouniniiina ITP i Bumykia HIT/T; Ne4 — BBirnyTa (oxorumoroua) IP i pumykia HIT/L,

3acrocyBanus dopmyiH (5) g Bumaaky Ne3 (nuB.puc.3) mpu p, = 0, TOOTO pizaiabHa KPOMKA IHCTPYMEHTY €
npsiMa JiHis (puc.4) He € odeBUAHUM. [ ToKasy 1IHOr0 TIOBEPHEMO TIOBEPXHEO JIETAIT 1 Pi3aIbHY KPOMKY 2 BiTHOCHO BEPITIMHI
TPeOIHIIS MIOPCTKOCTI (TOUKK A) JI0 CITiBHAIIHHS KPOMKH 2 i3 Kpomkoro 1 (puc.d, 6). OnepuMo cxeMy YTBOPEHHsT TpeOiHIIs
IIOPCTKOCTI TAKO1 K BUCOTH MK IBOMA ITOJIOXKEHHIMH Kpyrosoro npodinro HIT/I,

——

Rz

Puc. 4. Cxema Bu3Ha4eHHs1 R; npu ()OpMOYTBOPEHHI NPAMOTiHIHIME Pi3aIbHUMH KPOMKAMU:
a) — 3arajbHuii BUrIs1; 6) — micas nosopory HIT/L
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Bucora 1iporo rpebiHiis Bu3HaYaeThes (hopMyIoro (5) pu pz = .

_5?
Rz = / 8 Dy
Toxi ocraTounnit BUpa3 A po3paxyHKy BHcOTH rpedinist mopcerkocti HITI, 06po6ieHoi MeTo10M OTHHAHHS
Oyne ozepxaHo micis neperBopenHs Gopmynu (5):
52
Rz == (Yp, £ Y/p,) ©

3HaK (-) BUKOPHCTOBYETHCS, KOIU P, > 0 (muB. puc. 3, Nel i No2), a 3nak (+) — Koyt p, = oo (quB. puc. 3, Ne3) abo
p, < 0 (nuB. puc. 3, Ne4).

BinHocHa moxuOka npu BUKOpUCTaHHI (hopMysH (6) 3amicTb GopMynr (2) He MEpEBHIIYe JIEKUTBKOX BIICOTKIB, IO €
JoryctaMuM. Llst (hopMyria 0XOILTIOe BC MOMKITHBI BapiaHTH B3aEMHOTO PO3MIILIEHHS], ()OpMU 1 po3MipiB HOMIHAJIEHOT ITOBEPXH JeTast
1 oBepxHi pizanus. [lincraBuBim Bupas (6) y gpopmyity (1) w1t BU3Ha4eHHS] CyMapHOT BUCOTH PO3PaxyHKOBUX HEpPiBHOCTEH,
0JEP>KUMO OCTaTOUYHY 3aJIEXKHICTb!

2 2
B2 = (Ypyy £ Yp) 4 2 Y £ Yra)
BuCHOBKH 3 1aHOT0 A0CTiTKEHHS
i mepcneKTHBU NOAAJBIIUX PO3BiIOK y JaHOMY HanpsiMi

s xoM TEOpEeTHYHOTO aHaNi3y cxeM (OPMOYTBOPEHHS MPOQITI0 MeTaldi METOAOM OTHHAHHS OAepKaHi
CIPOILEHI 3aJeXHOCTI Ul BU3HAYCHHS PO3PaXyHKOBOI BHCOTH HEpiBHOCTEH OOpOOJIEHHX HMOBEPXOHb jaeTani. BoHu
MOXYTh CIy)KHTH OCHOBOIO Ul TNPU3HAYCHHS PEXHUMIB DI3aHHA Ta TEOMETPUYHOI (OPMH Ppi3alIbHOI KPOMKH
IHCTPYMEHTIB.
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