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BunsiHue yrijia HAKJIOHA pexXylleil KPOMKH BPalaloIerocsi HHCTpyMeHTa
Ha CHJIY pe3aHMs IIPU CKOPOCTHOH 00padoTke
CJIOKHONPOMIBHBIX MOBEPXHOCTEH JAeTasneil Ha cTankax ¢ UITY
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Pedepar. Llensio paGoTs! sIBIsIETCS HOBBIMICHUE TPOU3BOAUTEIBHOCTH 00PaOOTKH CIOXKHONPO(DIIBHBIX OBEPXHOCTEH JeTa-
neit Ha crankax ¢ YITY. J{ns nocTrkeHus OCTaBJICHHOM Liesu pellaeTcs 3aJaua UCCIe0BaHUs COCTABIIAIOIUX CHUII PE3aHuUs
npu 00paboTke 3aroTOBOK BPAIIAOIIMMCS MHCTPYMEHTOM C KPYTOHAKIOHHOM peXyIledl KpOMKOH Ha paslUuuHbIX PEKH-
Max pe3aHus. [IpuMeHSIOTCS TeOpeTUUECKU U DKCIEpUMEHTAIbHBIA METObl UCCIEI0BaHUN. B pesynbraTe TeOpeTHUECKUX
HCCIIeI0BaHUN NOJTy4YeHB! (POPMYIIBI JUIsl pacueTa HOPMAJIBbHOM CHIIBI pe3aHus IIpu 00paboTKe IIOCKOH MOBEPXHOCTH Bpalla-
IOIeHcsT AeTadd KOHLEBOH (pe3oil, yYHTHIBAIOIINE BIMSHUE yIVIa HAKIOHA PEXYIUeH KPOMKH M COOTHOIUCHHUSI COCTaB-
JSTIOIIMX CHJIBI Pe3aHusl. Y CTAHOBJIEH JHMAIA30H M3MEHEHHs YIa HAaKIOHA PEeXyIleH KPOMKHU, 00ECIEeUNBAIONINI CHIKEHHE
cuiibl pe3aHus. s OpOBEPKU TEOPETHUYECKUX 3aBUCHMOCTEH IPOBEICHBI SKCICPUMEHTAIBHBIC HCCIEI0BAaHUs COCTaBIIO-
IIUX CHJIBI pe3aHusi Npu o0paboTKe 3aroTOBKH M3 alroMuHMEeBOro cruraBa J[16T koHIEBBIMHU (pe3aMu pa3iuuHbIX (QHPM-
npousBoauTeneil. C UCIOIb30BaHUEM CIELUATBHOTO MPOrPAMMHO-U3MEPUTENIBHOI0 KOMIUIEKCA MOTYyUEHbl OCIMIIOrPaMMBI
aAMIUTUTY AHBIX U3MEHEHHH COCTABIISIONINX CHJIBI PE3aHMS IPH PA3IHIHBIX 3HAUCHUSIX TTTyOUHBI pE3aHUs U BPE3aHUs, OAaqN
Ha 3y0 M CKOpOCTH pe3aHHs. YCTaHOBJIEHBI 3aBUCHMOCTH BIIMSHHS yTJIa HAKJIOHA PEXyIIeil KpOMKU Ha CHIIy pe3aHHs, MOA-
TBEPXKJAIOIHME PE3yJIbTaThl TEOPETUUECKUX UccieoBaHui. OnpeneneHbl 3HaYCHHUs ONPaBOYHBIX KOA()(GHUIMEHTOB Ha CKO-
POCTh pe3aHMsi, YIUTHIBAIOIINE YTOJl HAKJIOHA PEeXyINeH KPOMKH HHCTPYMEHTa M CBOHCTBa 00pabaThIBAEMOro MaTepHaia,
YTO II03BOJISIET KOPPEKTUPOBATh 3HAYCHUSI CKOPOCTU PE3aHUSI U OOECIECUHUTH MOBHIIICHHE HPOU3BOAUTEIEHOCTH 00pabOTKH
JI0 ABYX pas.
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Effect of the Angle of Inclination of the Cutting Edge of a Rotating Tool
on the Cutting Force during High-Speed Machining
of Complex-Profile Surfaces of Parts on CNC Machines

N. N. Popok", V. S. Anisimov"
YEuphrosyne Polotskaya State University of Polotsk (Novopolotsk, Republic of Belarus)

Abstract. The aim of the work is to increase the productivity of processing complex-profile surfaces of parts on CNC ma-
chines. To achieve this goal, the task of studying the components of cutting forces when processing workpieces with a rota-
ting tool with a steeply inclined cutting edge in various cutting modes is solved. Theoretical and experimental research me-
thods are used. As a result of theoretical research, formulas have been obtained for calculating the normal cutting force when
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processing a flat surface of a rotating part with an end mill, taking into account the influence of the angle of inclination
of the cutting edge and the ratio of the components of the cutting force. The range of change in the angle of inclination of the
cutting edge is set, which reduces the cutting force. To verify theoretical dependencies, experimental studies of the compo-
nents of the cutting force were carried out when processing a billet made of aluminum alloy D16T with end mills from various
manufacturers. Using a special software and measuring complex, oscillograms of amplitude changes in the components
of the cutting force at different values of cutting depth and embedding, feed to the tooth and cutting speed were obtained.
The dependences of the influence of the cutting edge inclination angle on the cutting force are established, confirming
the results of theoretical studies. The values of the correction coefficients for the cutting speed are determined, taking into
account the angle of inclination of the cutting edge of the tool and the properties of the processed material, which allows
to adjust the values of the cutting speed and ensure an increase in processing productivity up to two times.

Keywords: complex profile surface, part, end mill, angle of inclination of the cutting edge, cutting force, drive power,
productivity, CNC machine
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BBeneHne K{ IIOCKOM MOBCPXHOCTHU Bpama}omeﬁm JACTalln

BpallaoNIMMcs HHCTPyMEeHTOM (puc. 1).
[Ipu mexanmueckolr 00pabOTKE CIIOKHOIIPO-

(WIBHBIX TIOBEPXHOCTEW neTajieil OoJbIIoe 3Ha-

YacTh TIJIaBHOM COCTaBJISIONIEN CHIIBI pe3a-

Hus P,
HCHUE MMCIOT BEIMMHHBI CHJIBI PE3AHUS, COBEp- PP _F, (1)
maeMol TpH 3TOM pPaboOTel W TOTpedIIsIeMoin 2712 Tz
MOIIHOCTH NPHBOJAaMH cTaHKa. OCOOEHHO aKTya- YacTh cHThI oaun Py
JIeH y4YeT JTUX MapaMeTpoB Ipu 00paboTke Ha
crankax ¢ YITY, st KOTOpBIX XapaKTepeH HecTa- Py =Py —N,. 2)
UOHAPHBIN MPOIIeCcC Pe3aHus ¢ U3MEHSIOIUMUCS .
BO BPEMEHU KUHEMATHYECKUMHU M JUHAMUYECKHU- Benomorarenbibii yrom §
MU ToKasaTensiMu. Kak MpaBuio, COBpPEMEHHBIC P
crauku ¢ YIIY nossonsaoT (pUKCMpOBaTH MOUI- th:—Y. 3)
HOCTh B IIpOllecce pe3aHusi U KOPPEKTUPOBATh Py
9NIEMEHTHl peXuMa pe3aHusd. JlOTONHUTENIbHbIE HopmanbHas K pexyeil kpomke cumia Ny,
BO3MOXXHOCTH TIO YIPABJICHHUIO MPOIECCOM pe3a- JIEHCTBYIOMAS B0 TOBEPXHOCTH PE3AHHS:
HUsI O0ecleunBaeT NPUMEHEHHE DPEXYLIMX WH-
CTPYMEHTOB C prToUHaKHOHHoﬁ peXyIIeH KpoM- N,, =P, cos(A —9) ‘ @)
KOH, COBepHIaMIIei KacaTeIbHOE JBHIKCHHE cos 9
K oOpaOatsiBaeMoil moBepxHOocTH [l1]. Bimsaue N
- BcmomorarenbHblii yron 0

WU3MEHEHUS Yrjla HakJOHa PEeXYyIeH KpOMKH 3a
CYeT KMHEMAaTHYeCKHX OCOOEHHOcTel 00paboTKu P
neTanei, popmMa KOTOPBIX coYeTaeT IUINHAPHIC- tgh = N &)
CKHe, KOHUYECKHe, CepruecKue, MIOCKUe U KpH- 7
BOJIMHEHHBIE TIOBEPXHOCTH BpaLIAIOIIUMCS HWH- HopmanbHas K TepeiHell  MOBEPXHOCTH
cTpyMeHToM ((hpe3oii), Ha AMHAMUYECKHE Xapak- cuna N
TEPUCTHKH TIpoIiecca Pe3aHus B HACTOSIIEE BPEMsI
M3yYeHO HEIOCTaTOYHO. Pe3ynpTaThl paccMoT- N = Nyz cos(6+7). 6)
PECHHBIX HIDKE UCCICIOBAHUM MOJIOKEHBI B OCHO- cosO
BY COBEPIIICHCTBOBAHHS W Pa3BUTHSA 00pPabOTKH
CIIOXKHONPO(MUIIBHBIX TIOBEPXHOCTEH JeTaneil Bpa- Hopwmaibhas cuia Tpenns Fy
MIAIOIIMMCST WHCTPYMEHTOM, pealn3yeMoi Ha co- Ny .
BPEMEHHBIX TPEX- U MATHOCEBBIX cTaHKax ¢ UITY. Fy = o0 sin(0 + y). @)

OcroBHas JacTh Kacarenbnas cuna Tpenus Fr

CormnacHo METOAMKE, U3J0KEHHOM B [2], ompe- sin(h—9)
JIeTAM HOpMaibHylo cuiy N, cuiny TpeHus F Fr=P———. (8)
U ee cocTaBisiiomue Fy u Fr A cxeMbl 00paboT- cos3
e 24, Ne 3 (2025) 205
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Puc. 1. Cxema Juist onpezieieHHs HOpMaIbHOM CHJIBI M CHJI TPEHHMS Ha NepeTHel TOBEpXHOCTH MHCTPYMEHTa C yIiIoM A # 0

Fig. 1. Diagram for determining the normal force and friction forces on the front surface of a tool with an angle A # 0

Yron Mexay HOpPMajdbHOW W TOJHOW CHIIOMN
TpEHHUA N

tgn = L1 9
gn P €))
ITonnas cuna tpenus F
F
F=— (10)
cosn

Cpemauit K03QGUITHEHT TPESHUS L

MZN. (11)

OnpenenuM BeIUYUHBI XapaKTEPUCTUK IPO-
necca peszaHusi, Bxogsamux B dopmynst (1)—(11),
JUISL PacCMaTPUBAEMOT0 CiIy4ast 00paOOTKH JIBICKU
(TMoCcKoi TOBEPXHOCTH) JAETAld BPALIAKONUMCS
HHCTpYMEHTOM (KOHIIEBO# (ppesoit). [Ipumem, ato
mupuHa 00padaThiBAEMOI MOBEPXHOCTH (TyOH-
HAa pe3aHus) COCTaBJIAeT 7 MM, TIyOMHa Bpe3a-
Hus 1 MM. Bech mpunyck cHuMaercs 3a OIUH
npoxoJ. MaTepuan 3aroTOBKM — CIUIAB aTFOMU-
aus [[16T c og =440 MIla. B xadgecTtBe pexytie-
ro WHCTPYMEHTA MCIOJIb3yeTcsl 4-3y0ast TBEpIO-
CIUTaBHasi KOHIeBas ¢pe3a guamerpoMm 10 mwm,
CKOPOCTb pe3aHusl MPUHUMAETCS paBHOM 250 M/MUH.
3Has UCXO/HBIE NaHHBIE 00 00pabaThiBaeMOM Ma-
Tepualie ¥ PEeXYyIIeM HHCTPYMEHTE, PaCcCUUTHI-
BaeTCs TJIaBHAs COCTABJSIONIAs CHJIBI pe3aHus P

no obmenpunsTtoii opmyne Pz =Cpzt™ 57 x

X UZPZKPZ [3]
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[Ipu ompeneneHny BIUSHUS yriia HAKIIOHA PEXy-
el KpOMKH A Ha TIPOIeCC pe3aHHs MPUHUMAIOT-
Csl CIEAYIONIME 3HAYECHUS COCTABIISIONIMX CHIIBI
pesanust: Py=0u Py=0.

PesynbTaThl pacueToB NpeNCTaBIEHBI B BHIE
(dbparmenTa rpauKoB Ha puc. 2.

Ecnu y4uTBIBaIOTCSI BCE TPU COCTABISIOIINE
cuitbl pe3anus Py, Pyw Pz To, corimacHo (opmy-
ae (3), U3MeHsAETCsl MOJIOKEHHE Pe3yIbTUpPYIOIIe-
r0 BEKTOpa CHJIBI PE3aHUS OTHOCHUTEINBHO DPEXY-
el KpOMKH MHCTPYMEHTa. DTO MPUBOAUT K H3-
MeHeHHIo yria 9. B cBoro odepenp, yron 9, BXxo-
mamuid B dopmyny (4), BiIMseT Ha 3HAYEHHUE
yria A, yMEHbIIIas WIA YBEIUUMBas €ro. JTO U3-
MEHEHHE A B 3aBUCHMOCTH OT 3a/IaHHBIX YCIOBHUI
pesanus (B Hamem ciydae A = 0-27°) mpuBoauT
K HEKOTOPOMY CHWKEHHIO HOpMAaJIbHOM cuiibl N
(puc. 2). Ecam yuuThIBaeTcs TONBKO TaHI'CHLU-
aNbHAsI COCTABIIAIONIAs CHIIBI pe3aHus Pz, KoTopas
“MeeT HauOoJblliee 3HauYeHHE 10 CPABHEHHIO CO
3HaueHusIMH Pyu Py, To npu A =0 HOpMalbHast
cwia N WMeeT MaKCHUMallbHOe 3HadeHUe, KOTO-
poe 1o Mepe yBenmueHus A (ot 0 o 90°) ymeHs-
maetcs 10 0 (puc. 2).

AHanornyHpIM 00pa3oM aHATM3UPYETCS BIUS-
HHE yIJla HAKJIOHA PEeXKyIIel KPOMKH Ha HOpMalb-
Hyto cuiay N mo ¢opmyine (6), HA HOPMAJIBHYIO
1 KacaTelbHyIO CHIBI TpeHus — 1o (7) u (8) ¢ yue-
toM yrioB 0 (dbopmyna (5)) u n (popmyna (9)),
a TaKke Ha paboTy nedopMariuu, CABUra U TPEHHUS.
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Vron HaKIOHA A, Tpam.

Puc. 2. BnusiHue yriia HAaKJIOHA PeXKYILIEeH KPOMKH A Ha HOPMAJIBHYIO CHILY PE3aHUs IIPY COOTHOLICHUH COCTABIISIOLINX
cuiibl pe3anust Py=0u Py=0

Fig. 2. Influence of the angle of cutting edge inclination angle A on the normal cutting force at the ratio of the components
of the cutting force Py=0and Py=0

i TpOBEpKH TONyYEHHBIX TEOPETHYECKHX
(opMyn M pPacyeTHBIX [aHHBIX IPOBEIEHBI 3KC-
NIEPUMEHTAIbHBIE ~ HCCIIEAOBAHMUS CHJI  PE3aHusl
Ha BepTUKaIbHO-(pesepHoM cranke ¢ UITY FANUC
Robodril cepun 0-D21LiB. TexHuueckue xapakre-
PUCTHKM CTaHKa: 4YacTOoTa BpAIUCHUsS ILIIHHIE-
ns 10000 mMus ', mporpaMmupyemast paGodas moga-
ga 30000 MM/MHH, MOIIHOCTE TJIABHOTO JBHTATEJIS
7,5 kBT, pazmepsr padoueii 30H61 700%400%330 Mm.
dopmMa 3aroToBKM — LWIMHAPHYECKAsl, MaTepHal
3arOTOBKM — CIUIaB ajmoMuHust Mapku J[16T.
B kauecTBe pexyliero HHCTpyMEeHTa UCIIOJb3YIOT-
sl KOHLIEBBIE (hpe3bl Pa3InYHbIX (HUPM, HAUMEHO-
BaHME U TEOMETPHYECKHE MapaMeTpbl KOTOPBIX
MIpeaCcTaBlIeHbI B Tabm. 1.

W3mepeHue cui pe3aHusi MPOU3BOAUTCS C HC-
[I0JIb30BAHUEM CIEIMAIBHOIO CKOHCTPYHPOBaH-
HOTO M M3TOTOBJIEHHOTO B YCIOBHSAX HAay4HO-

HCCIIEIOBATENbCKON J1a00paTopiuu  MPOTrpaMMHO-
mmepurensHoro kommuiekca (ITMK), Bkirodaro-
mero (puc. 3): yCTaHOBOYHOE TPHUCIIOCOOJICHHE
¢upmer System3R (IIBeuns); maccu 00paboOTKH U
peructpauuu gaHHBIX QupMbl National Instru-
ments (CILIA); ¢pyHKuMOHANBEHBIE MOAYIU cOopa
JAaHHBIX, C TOMOIIBI0 KOTOPBIX OCYIIECTBIISIOT-
csl TIEPBUYHOE TPeoOpa3oBaHUE M OLU(POBKA JlaH-
HBIX C aKcelepoMeTpa, M TEH30METPUIECKHUil Tpeoo-
pasoBarens ¢upMel National Instruments (CILIA);
miaccu cOopa JaHHBIX, ¢ TOMOIIBK KOTOPOTO
OCYIIECTBIISIFOTCS Tiepenavya onnupOBaHHBIX JaH-
HBIX Ha cucTeMy o0pabOTKM W perucTpauus AaH-
Heix Qupmsel National Instruments (CLIA); mep-
BUYHBIH TEH30METPHUUCCKUN IPeoOpa3oBaTelib.
I[MIMK mno3Bosnsier (QUKCUPOBATH CHIIBI PE3aHUS
B HampasiieHuu oceil X, Y, Z KoopAuHaTHON cHcC-
TEMBI CTaHKa.

Tabruya 1
HanmeHnoBaHMe U reoMeTpHYecKHe MapaMeTpbl KOHIEBBIX (pe3
Name and geometric parameters of end mills
VYroia HakioHa VYron HakiioHa
HaumeroBanHe dpessi Paaunyc BepIunHbl | TJIaBHO pexymiei 3aauuii BCTIOMOTaTeIbHOM KonmuectBo
(dacka), Mm KPOMKU JIE3BUSL | YIOJ O, Tpaj. | pexylield KpOMKH 3yObeB

¢pe3sl A, Tpaj. A1, Tpam.
USSHARP 10-R0.5-4F HRC 65 0,5 30° 9°+5' 1°+ 10 4
SECO JS514100D2C.0Z4-NXT . . , o2y ,
5115144-059 0,1) 46 9°+10 3°30°+ 10 4
Guhring #19978 10 WN R-N (0,1) 30° 9°30" + 5' 1°30" + 10’ 4
Guhring #6765 10 WN R-RF1 (0,2) 48° 10°+ 10° 2°30" + 10’ 4
Guhring #19964 10WNR-HRF
(war 3y6neB 1 mm, 7, = 0,6 MM; 0,1) 20° 10°30' £ 10° 2°+ 10 4
7o = 0,3 MM)
Guhring #5504 12R-NRF
(urar 3yoweB 1,3 Mm, (0,5) 30° 10°30" £ 10’ 27+ 10 4
7 = 0,6 MM; 7y, = 0,3 MM)
[ Hayka 207
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Crnexyer y4HTBIBaTh, YTO B OOMICIPHHATOH
KOOPIHHATHOH CHCTEME, CBJ3aHHOH C pEeXyIIHM
HHCTPYMEHTOM, II0 OCH X OyJeT JeHCTBOBATh pa-
IHallbHAA COCTABIAIOMIAs CHIBI pe3aHHsa Py, 1o
OCH Y — TaHTcHIHAJIbHAd COCTABIIAIOMIAA CHIIBI
pe3aHusa Pz H 10 OCH Z — 0CEBas COCTABILAIOIIA
CHIIBI pe3aHus Py.

Puc. 3. IIporpaMMHO-H3MEPHTEIbHBIH KOMILISKC!
1 — ycTaHOBOYHOE NIPHCIOCOOICHHE; 2 — IMACCH 00pabOTKH

H PETHCTPAIHH JAHHBIX; 3 — QYHKIHOHATBHBIE MOIYIH
cOopa JaHHBIX: 4 — ImaccH cOOpa JaHHBIX;
5 — mepBHYHBIH TeH30METPHUYESCKHE IIPe0Opa3oBaTEIb
Fig. 3. Software and measurement complex:
1 — installation device; 2 — data processing and recording
chassis; 3 — functional data acquisition modules; 4 — data
acquisition chassis; 5 — primary strain gauge converter

3aroToBKa JHaMeTpoM D pa3MemaeTcs B ycTa-
HOBOYHOM IipHcnioco6nennH [THK (puc. 4) 1 HMe-
€T BO3MOKHOCTh IOCTYNAaTENbHOIO NepEMENIECHHA
BIOIb oce XHmH Y B IBHKEHHH Iogadud Ds.
@pe3a ycTaHABIHBAETCA B IIMHHIENE CTaHKA IO

a

B
@
& Dr
=} - =
o
o
ju=)
(=
c | N
- lll\ .
\ R
|\ d
- .‘; I| = g
2 \r/ '. . ®pesa
= 'TDS
~| 4 |
’I

OCH Z Ha I'IyOHHY Bpe3aHus 4 (a,) H I'TyOHHY pe-
3aHAA ¢ (IHPHHY (pe3epoBaHHA b) C BO3MOKHO-
CTBIO IIABHOT'O BPAIATENBHOTO JBHKEHHA DI .

3ozomobxa

Yy Yemanoboywoe npucnocodneque MK

Puc. 4. Cxema 00pabOTKH ILTOCKOH ITOBEPXHOCTH
IIPH OPOBEACHHH 3KCIIEPHMEHTA

Fig. 4. The scheme of processing a flat surface
during the experiment

B xoxe 3KcrIepHMEHTAa MPOH3BOMHTCSA IOCIE-
JoBaTelnbHasg 00paboTKa INUIOCKOH ITOBEPXHOCTH
CErMeHTA TBICKH 3arOTOBKH JTHHOH / H ITyOHHOH
Bpe3aHHus a, (pHC. 5).

Ha xaxaplii mocieayromuil mpoxoa ¢pessl B
JBHKEHHH I071a4H Dg 3aroTOBKA II0BOPAYHBAETCA
Ha O4YepeqHOH o0padaThIBacMbIil CErMEHT IIH-
HOH / TBICKH, TIIPH 3TOM YUHTHIBAeTCs JTHHA IOJ-
Boja (pe3sl /;. 1A NpHBEACHHBIX Ha pHC. S5b
JAHHBIX @, YTOJ Bpe3aHHA (pe3bl B 3arOTOBKY 0,
H3MEHAETCA B Ipefenax 9—20°.

b

i lMonoxeHue dpessl
" npu g, = 10 MM
\_ [onoxeHue dpesbl
_ g = 08 MM
A . Monoxerue dpessl
A\ npug =06 m
"\ Monoxexue dpess
npu g, = 04 mm

MonoxeHue dpesbl
npu g, = 02 mm

Z X

Puc. 5. CxeMma 00pabOTKH THICKH 3aTOTOBKH (a) H HAJa/IbHbIE IIOIOKEHIA (hPe3bl IPH CPE3AHHH CII0A C [TyOHHOMH Bpe3aHHA d,; (b)

Fig. 5. Processing scheme of the workpiece (a) and the initial positions of the cutter when cutting a layer with a cutting depth a,; (b)
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B IIMKe mnpenycMOTpeHO MOTOIHUTEIHHOE
BpaIllaTeIbHOE JIBIKEHHE 3arOTOBKH BOKDYT CO0-
cTBeHHOH ocu. TakuMm o00pa3oM, TeXHHYECKHE
Bo3MOxHOCTH cTaHka u [IMK mo3BonsroT peanu-
30BaTh OOpaOOTKY IUIOCKWX, IHJIUHIPHUYECKUX U
KPUBOJMHENHBIX MOBEPXHOCTEN JAETalH Bpallaro-
mieics (Gpe3oil ¢ Bpe3aHHEM IO KacaTeIbHOW K
00pabaThIBaeMOii MOBEPXHOCTH 3arOTOBKH.

[Ipu 0OpaboTke 3aroTOBOK BBIOMPAIOTCS pe-
koMmeHayemsie [3, 4, 10] aneMeHThI pexuma pesa-
HUS v, S, ¥ COIVIACOBBIBAIOTCS C TEXHUYECKUMHU
XapakTepUCTUKAaMH CTaHKa (Tabi. 2).

[TocnenoBaTenbHOCT M3MEHEHHS JJIEMEHTOB
peKuMa pe3aHus B OMBITaX COCTABISACTCS TAKUM
00pa3oM, 4TOOBI y4eCTh 0COOEHHOCTH KaK OJHO-,
TaK ¥ TpeX(PaKTOPHOTO IKCTiepuMenTa (Tadm. 3).

Tabnuya 2
DJIEMEHTBI Pe;KHMA Pe3aHusl, COTJIACOBAHHbIE ¢ TEXHHYECKHMH XapaKTEePUCTHKAMH CTAaHKA
Elements of the cutting mode, consistent with the technical characteristics of the machine
IMpu nuamerpe ¢pesst d = 10 Mmm
KomnugecTBo 3y0OneB z 4
IMopaua Ha 3y0 f7, MM/3y0 0,03 0,04 0,05 0,06 0,07
MuHyTHas nojava f,,, MM/MUH 572,96 891,27 1273,24 1718,87 2228,17
I'myGuna Bpe3anus a,, MM 0,2 0,4 0,6 0,8 1
CKOpOCTb pe3anus v, M/MUH 150 175 200 225 250
YacroTta BpalleHus! IIITHHIEIS 7, MuH"! 4774,65 5570,42 6366,2 7161,97 7957,75
IMpu nuamerpe ¢pesst d = 12 MM
KonuuecTBo 3yObeB z 4
Ionaua Ha 3y06 f7, MM/3y0 0,03 0,04 0,05 0,06 0,07
MuHyTHas mojava f,,, MM/MUH 477,47 742,72 1061,03 1432,4 1856,81
I'myGuna Bpe3anus a,, MM 0,2 0,4 0,6 0,8 1
CKOpOCTb pe3anus v, M/MUH 150 175 200 225 250
YacroTta BpaleHus [WIHHIENS 7, Mun! 3978,87 4642,02 5305,17 5968,31 6631,46
Tabnuya 3

3HaveHHs 31€eMEHTOB peKuMa pe3aHus B ONBITAX IKCIEPUMEHTA

Values of the elements of the cutting mode in the experimental tests

Ne I'nmy6una TTonmaua na 3y0 f7, MunyTHas noxaya f,,, CkopocTth YacToTa BpamieHus
omnbITa | BpE3aHus d., MM MM/3y0 MM/MUH pe3aHus v, M/MUH LIAHIEIS 71, MHH |
1 0,2 0,07 2230 250 7960
2 0,4 0,07 2230 250 7960
3 0,6 0,07 2230 250 7960
4 0,8 0,07 2230 250 7960
5 1 0,07 2230 250 7960
6 1 0,03 955 250 7960
7 1 0,04 1274 250 7960
8 1 0,05 1592 250 7960
9 1 0,06 1910 250 7960
10 1 0,07 2230 250 7960
11 1 0,07 1337 150 4775
12 1 0,07 1560 175 5570
13 1 0,07 1782 200 6366
14 1 0,07 2005 225 7162
15 1 0,07 2230 250 7960
16 0,2 0,03 955 250 7960
17 0,2 0,07 1337 150 4775
18 1 0,03 573 150 4775
19 0,2 0,03 573 150 4775
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Ha puc. 6 moka3aHBl ()parMEHTHI OCIHILIO-
rpamu ¢ pucivies ITMK aMINIHTYAHBIX H3MCHEHHH
COCTABIIONINX CHIBI PE3aHH] B TEUYECHHE BpPEMe-
HH II071Bofia (pe3bl H 0OPabOTKH CErMEeHTa JbIC-
KH HEBPAIAOIHXCAd H BPANIAIOIIHXCA 3aroTo-
BOK IIpH I'TyOHHE Bpe3aHHi a, = 1,0 MM, IIHpH-
He (TIyOHHE) pe3aHHs a, = 7,0 MM, MHHYTHOH IIo-
nade fr 1300 MM/MHH, YacTOTE BpalICHHA
mmHEeNs n = 6400MuE . Kak BHIHO Ha pHc. 6,
OCITH/IIOTPaMMBI IIO3BOJIAIOT YCTaHOBHTH H3MEHe-
HH 3HAUEHHH COCTAaBILIIOIIHX CHIBI PE3aHHA IIPH
BXOJI€ H BBIXOJ€ (ppe3sl B 30Hy pe3aHHA H 3Hade-
HHJ CHUIBI PE3aHHA 110 JTHHE 00paGOTKH CEIrMEHTa
JIBICKH 3aTOTOBKH.

pere

Puc. 6. ©parMeHTSI OCIHILTOTPAMMBI AMILTHTYIHBIX
H3MEHEHHH COCTABILIONINX CHIIBI PE3aHKA IIPH IOy THOM
(bpe3epoBaHAH HEBpAINAOMICHCA 3arOTOBKH (a)

H IIpH BeTpeyHoM (pesepoBanuu (b)
BpaIaroIneHcs 3ar0TOBKH
Fig. 6. Fragments of the oscillogram of amplitude changes in
the components of the cutting force with passing milling
of a non-rotating workpiece (a) and when counter milling (b)
a rotating workpiece

210

Bpema ¢HuKcamuH CHIBI pe3aHHA HA JHCI-
nee ITMKa comocTaBisieTcss CO BpeEMEHEM o00pa-
GOTKH TBICKH. [TonydeHHBIE OCIHILIOTPAMMEI 00-
pabaTHIBAIOTCA COOTBETCTBYIOIIHM 0O0pa3oM (Ile-
PECUHTBIBAIOTCA) II0 MAKCHMAIbHBIM H MHHH-
MalbHBIM IIHKaM H3MEHECHHI CHIBl pe3aHHi H
IPHBOIATCA K BHIY. (pparMEHTapHO IIPE/CTABICH-
HOMYy HA pHC. 7. B IaHHOM cClIy4ae KOIHYECTBO
3alHCAHHBIX OJIOKOB JAaHHBIX XapaKTEpPH3YeT 4yB-
CTBHTEIBHOCTh  IIPHMEHJIEMOH  PErHCTPHPYIO-
mel anmaparypsl, KOTopas IO3BOIAET (YHKCH-
poBath 25000 curHanoB B ceKyHAYy (1 ¢ cooTBerT-
cTByeT 20 G10KaM).

P.H
100

% ‘\\
22 \

-20] et

KOmiuecTBO 3aMMCaHHEX OJIOKOB JaHHBIX

Puc. 7. PparmeHT 00pabOTaHHOH OCIH/LIOrPAMMBEIL:

Py -Py ———— —P;
Fig. 7. Fragment of the processed waveform:
Py -Py ———— —P;

ITo pe3ympraraM >KCIIEpHMEHTA CTPOATCA 3a-
BHCHMOCTH H3MEHEHHs COCTABILAIOIHX CHIBI pe-
3aHUA Py, Py, Pz OT TIIyOHHBI PE3aHHA, IONAYH
Ha 3y0 H CKOPOCTH PE€3aHHs I Pa3IHYHBIX (pe3
H 3HAYECHHH YyIlla HAKIOHA peXyleHd KPOMKH.
@parMeHTH TpadHKOB OKA3aHEI Ha PHC. 8.

Kak BHIHO U3 IpaHKOB, C YBETHUICHHEM 3HA-
YEeHHH CKOpPOCTH pe3aHHdA oT 150 mo 250 m/muH
COCTaBJIIONIHE CHIBI pe3aHusd Py, Py H Pz H3Me-
HAIOTCS HE3HAYHTEIIBHO.

CoIocTaBIeHHE 3HAYCHHH COCTABILIIOMIHX CH-
761 pe3aHus Py, Py, Pz A7 pa3IH4HbIX Qpe3 H IpH
H3MECHCHHH 3JIEMEHTOB pEXHMa pE3aHHA IIpel-
CTaBIICHBI Ha PHC. 9.

Kak BHIHO H3 rpaHKOB, HaHOOIBIIEE BIHA-
HHE HA COCTaBIIOMHE Py H Pz 0Ka3bIBAaeT YBEIH-
YeHHE 3HAUYEHHH a, H fz, IPHYEM yMEHBIICHHE
JUTHHEI pexymel kpoMkH (¢ppe3st Guhring #19964
10WNR-HRF (20°) u Guhring #5504 12R-NRF
(30°)) mpHBOAWT K HAHMEHBIIAM 3HAuCHHAM Py
H Pz VBelHYeHHE CKOPOCTH PE3aHHA L JI0 3Haue-
HHH 250 M/MHH IPaKTHYECKH HE BIIHAET HA H3Me-
HEHHA COCTABILIIONIECH CHIIBI pe3aHus Py.
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a
P.H Guhring 19978 10 WN R-N (30°)
20
80 -----------------------------------------------
70
A._
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/ T — PX
50
S Py
20
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150 175 200 225 250
v, M/MHH
b
P.H Guhring 6765 10 WN R-RF1 (48°)
120
00—
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20
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Puc. 8. 3aBucMMOCTH N3MEHEHHS COCTABIIAIONINX CHIIBI pe3aHust Py, Py, Pz OT CKOPOCTH pe3aHus
ipu 00padoTke ppezamu Guhring 19978 10 WN R-N (30°) (a), Guhring 6765 10 WN R-RF1 (48°) (b),
USSHARP 10-R0.5-4F HRC 65 (30°) (c)

Fig. 8. Dependences of changes in the components of the cutting force Py, Py, Pz on the cutting speed when processing with
Gubhring cutters 19978 10 WN R-N (30°) (a), Guhring 6765 10 WN R-RF1 (48°) (b), USSHARP 10-R0.5-4F HRC 65 (30°) (¢)
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Puc. 9. T'padHKH H3MeHeHH COCTaBILIOMHX Py, Py, Pz CHIIBI pe3aHHA 1 Pa3IHIHEIX (pe3
B 3aBHCHMOCTH OT [IyOHHBI BPe3aHHA d, (a), ckopocTH pe3anus v (b) H moxawn Ha 3y6 fz (c)

Fig. 9. Graphs of changes in the components Py, Py, Py of the cutting force for various cutters depending
on the cutting depth a, (a), cutting speed v (b) and feed to the tooth f7 (c)

C y4eToM MOMYYEHHBIX TEOPETHUESCKHX H 3KC- CHIBI H COCTABISIIONINX CHIBI pe3anus Py, Py, Pz
NEPHMEHTATBHBIX ~ 3aBHCHMOCTEH  HOPMATBHOMH ompesendeTcs IMONMPABOYHBIH KO3((HUIHEHT Ha
212 I Hayk
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CWIy pe3aHus NMpH U3MEHCHHH YIJIa HaKJIOHA pe-
KYIIEH KPOMKH JIe3BHs MHCTpyMeHTa K.
3uaueHus ko3 duimenta K; pacCUYUTHIBAIOTCS
T0 CEIYIUM (hopMyJIam:
— JIJI1 HOPMAJIbHOM CUJIBI

N _—N
K)\N =1+ Hanb HauM

N,

2

Hanob

— JIJISl COCTaBIISAIONIEH CUiIbl pe3aHus P

przlim_

Hanob

PaccmarpuBaetcst muanazon A ot 30° mo 60°,
MPUYEM  Ayauy COOTBETCTBYET 3HAYEHUAM Nyayo
U Praus, @ Maus — Nian ¥ Pramy. [IpUHEMAETCS, UTO
HOpManbHass cwia N TPSIMO MPOMOPIHOHATHHO
CBs3aHA C COCTABIISIONIUMU CUILI Py, Py, Py.

B pesynbrare pacdeTroB MONydYEHBI CIEAYIO-
[IMe 3HaUCHHS MOMPABOYHBIX KOA(PPHUINEHTOB HA
YTOJI HAKJIOHA PeXyIIeH KPOMKH:

— IV TEOPETHIECKUX 3aBucuMocTeit K,y = 0,773;

— AN OKCTIEPUMEHTAJIbHBIX ~ 3aBHUCHMOCTEN:
Kyp, =0,775-0,820; Kyp =0,783-0,842; K;p, =
=1,158—-1,167, koTopsie CBUACTEILCTBYIOT O CO-
BIAJE€HNH 3HaUeHNH Ky U Kjpy, K py, TOTy4EHHBIX
Ha OCHOBAaHHWH TEOPETHUYECKUX PACUETOB M DKCIIe-
PUMEHTAIBHBIX UCCIICIOBAHUM.

Kak crnenyer W3 pacyeroB, yBEIMYCHUE yriia
HaKJIOHa pexymel kpoMku oT 30° mo 48° mpu-
BOAUT K POCTYy COCTABIISIIOIIEH CHJIBI pe3a-
HUs Pz (0ceBOil) M MAJCHUIO COCTABIISAIONICH CHIIBI
pe3anust Py (tanreHumanbHoi) B 1,19-1,28 pasa
u Py (pamunanpHOii) — B 1,22—1,29 pa3za.

Jns ucnonp3oBaHUS TOMYYEHHBIX PE3yJIbTa-
TOB Tpu 00pabOTKE MaTrephalioB CO CBOWCTBa-
MH, OTJIMYHBIMU OT AJIOMHHUEBOTO CILIaBa Map-
ku J[16T, Bocmonb3yeMcs AAaHHBIMU CIIPABOYHU-
Ka [3], B KOTOpOM BIUSHUE CBOICTB MaTepualia Ha
CKOPOCTh pE3aHUsl YYUTHIBAETCH TIOMPABOYHBIM
ko3 durenroMm K,. CKOpOCTh pe3aHus omnpeje-
nsieTcs mo Gpopmyrie

Cl)
L =VT6K, = WKMUKHUKHU, (12)
I7ie LUt — TaOJIMYHOE 3HAa4YeHHWE CKOPOCTH pe3a-
Hus; K, — MONpaBOYHBI KO3 QHUIMEHT Ha CKO-

Hayka
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pocth pe3anus; C, — TOMPaBOYHBIN K03 Du-
[MEeHT Ha CBOWCTBa 00pabaThiBaeMOTO MaTepHua-
na; T — mepwoJ CTOMKOCTH WHCTPYMEHTA; ! —
rryOuHa pe3aHus; S — monada; m, X, y — IOKa-
3aTenu crteneHu; Ky, — K03POUIUEHT, YIUTHI-
BAaOIIUH BIHMSAHHE CBOICTB 00pabaThIBaEMOIo
MaTepualla Ha CKOpOCTh pe3anus; Kp, — TO Xe,
YUHUTBHIBAIOUINI COCTOSHHE MOBEPXHOCTH 3aro-
TOBKH; Ky, — TO K€, YUMTHIBAIOIIUN MaTepual
UHCTPYMEHTA.

Taxoke yuTeMm JAaHHBIE, IPUBEICHHbIE B pado-
Te [8], M0 KOTOPBIM MTONPABOYHBIA KOA(DPUITHECHT,
VYHATHIBAIOIINN BIMSIHUE CBOMCTB oOpabaThiBae-
MO0 MaTepHaja Ha CKOPOCTh Pe3aHusi, MpHpaB-
HUBaeTcd K KodpdummueHTty oOpabaThIBaeMO-

L
ctu K, =K,=—- u K0>()(DHULUUEHT CpaBHHU-

st
TENBHON 00pabaThHIBAEMOCTH IBETHBIX METaJIOB
paccMaTpuBaeTCs IO OTHOLICHHIO K cramu 45,
T. €. Ko ans cranu 45 npuHUMAaeTcs 3a €IUHULLY.
C yueroM Takoro mojaxojaa koddduimeHt oopada-
TBIBAEMOCTH AJTIOMUHHMEBOTO CIDIaBa KOHIIEBBIMHU
¢pe3amu U3 TBepAoro ciuiasa paseH 1,3 [8, c. 33,
tabm. 1-3].

Bocrnonp3oBaBmuchk pekoMeHmanmusaMu - up-
Mmbl Guhring [Ta0i. 2] Mo CKOPOCTH pe3aHus CTa-

m ve = 175 M/MuH, pu 00paboOTKe AITOMUHHE-

Boro cmiaBa 16T, mnomyuum vg=vc-Ko=
=175-1,3=227,5 m/mMun. IlomyyeHHOEe 3HaueHHE

U; HaxoOUTCSi B PEKOMEHIYEeMOM JIHaraso-
He 200—415 m/muH.

C yderoM NOMPaBOYHOTO KOX(PGUIMEHTa Ha
YIOJI HaKJIOHA PEXkKyIled KpoMku Kj CKOpOCTh IIPH
00paboTKe AJIIOMUHUEBOTO CIIaBa OyneT paBHA
v = Ve - K =200-(1,16+1,23) =232 + 246 m/MuH.
Torpa ckopocTh pe3anus IJisi CTaiau OyleT paBHA
vmp  232+246
Ko 13

HECKOJBKO BBIIIE PEKOMEHAYyeMoro (upmoii

VoL = =178,5+189 m/MuH, 4YTO

Guhring 3Ha9eHus L = 175 M/MuH.

[MompaBouHeli KOX(QGUIMEHT HA MaTepual
B (hopMyJie Uil pacueTa CKOPPEKTUPOBAHHOM CKO-
POCTH pe3aHusi MOXET OBITb MOJY4YEeH U3 COOT-
HOIICHMSI TIOTPAaBOYHBIX  KOX((DHUIIMEHTOB Ha
yroin A — Kj, 1 Ha obpabaTeiBaeMocTh Ko:
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KMU_ﬁ;
KO
Ko=x-200_ 14
U,y 175

rae K, =1,16-1,23; v, =200 M/MUH — CKOPOCTh
pesaHus amoMuHUeBoro cmiasa [4, 10];
Uyr =175 M/MUH — CKOpOCTH pe3aHusi cTaiu (3Ta-
JIOHHAS).

T K, < 1123

HCCKOJIBLKO MCHBIIIC peKOMeHHyeMOFO 3HAYCHUA
Ko=1,3[8].
TO €CTb 3HAUCHHC CKOpOCTI/I pe3aHI/I$I CTa-

=1,02+1,14, wuro

o OymeT paBHO: Uc =VUrgKyy, Tae Kyy OY-
JeT YYHUTHIBaTh CPABHHUTENBHYI  00pabaThl-
BaeMOCTh CTajJH M aJIOMHHHEBOIO CILIaBa M BIIHS-
HUE yIJIa HaKJIOHa pexyulell kpomku. Toraa ve =

=175-(1,02+1,14) =178,5+199,5 m/MuH.

3HavYeHUs] CKOPOCTU PEe3aHUsl CTalld, MOTyYeH-
Hble TIepBBIM (Ve = 178-189 M/MHUH) W BTOPBIM
(vc=178,5+199,5 M/MUH) TpeUIOKEHHBIMH CIIO-
cobaMy, MPaKTHYECKH COBMAJAIOT, 4YTO CBHC-
TENBCTBYET O MPABUIBHOCTH TOJX0Ja MPUPABHU-
BaHUs TONPABOYHOTO KO3(D(DUIMEHTa, YUHUTHIBA-
IOLIETO BIMSHUE CBOMCTB 00padarbiBaeMoro Ma-
TepHayia Ha CKOPOCTh pe3aHus, K KOIPHHUITHECHTY
CPaBHHUTEJIBHOW 00pabaThIBAEMOCTH aFOMHUHHE-
BBIX M CTAJIbHBIX MAaTEPUAIOB.

[TonmyyeHHBIE pEeKOMEHIAIMK HCIOIb30BANINCH
MPU HW3TOTOBJICHWU JIeTallel, MpelCcTaBIeHHBIX
Ha puc. 10. Coderanwe CIOXHONPOPUILHBIX
ITOBEPXHOCTEH aeraneit o0pabaTeiBaIoch, Kak Ipa-

BWJIO, OJJHUM HMHCTPYMEHTOM — KOHIICBOM M OXBa-
ThIBarOIEH (hpesamu 3a nBa ycraHora (puc. 10a, b)
u onuH ycraHoB (puc. 10c, d) Ha TOKapHOM CTaHKe
¢ UIIY wmomemu EMCO S45 u BepTHKaIbHO-
tdpesepaom cranke ¢ UITY momenmu FANUC Ro-
bodrill cepun a-D21LiB cooTBeTCTBEHHO.

Puc. 10. O6pasiibl H3roTOBJICHHBIX JCTANCH C NWIMHIPUICCKUMHE U TIOCKUMH (a), chepruueckumu (b), KOHUIECCKUMH (C)
U KpUBOJIHHEWHBIMY (d) TOBEPXHOCTAMH

Fig. 10. Samples of manufactured parts with cylindrical and flat (a), spherical (b),
conical (¢) and curved (d) surfaces
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ITpu 3TOM 3Ha4YEHUS] CKOPOCTH PE3aHUs Ha3Ha-
YaJlKCh BBILLE PEKOMEHAYEMBIX B KaTanore [4, 10],
YTO IMO3BOJIMJIO YBEJIMYHUTh MHUHYTHYIO IOJady
Y TIPOM3BOIUTENEHOCTE 00paboTku B 1,2—1,3 pa3sa,
a TaKXkKe IOBBICUTh TOYHOCTH IIOJIyYaeMbIX IIO-
BEPXHOCTEH JeTanel 3a CUeT COKpAIleHUs KOJIU-
YecTBa YCTaHOBOB M CMEHBI 0a3.

BbIBO/IbI

1. Paccmotpena cxema ¢pe3epoBaHUS IIIOC-
KOM IMOBEPXHOCTH Bpallalollelcss 3aroTOBKA Ha
TOKapHOM CTaHKE W TOJNy4YeHBI (OPMYIBI ISt
HOPMAJIBHOM CHJIBI U CHIIBI TpeHus. B pesynbrare
aHanmm3a (OpMyJI yCTAaHOBIIEHO YMEHBIIIEHHE HOP-
MaJbHON CWIIBI TIPH YBEIMYEHHWH YTJIa HAKJIOHA
pexXyIied KpOMKH, UYTO MO3BOJSET 3a CUET HU3Me-
HEHHUS TMOCIETHEr0 YNPaBsATh CHJIOHM U MOILIHO-
CTBIO PE3aHHUA.

2. Pe3ynbTaThl 3KCIIEpUMEHTANBHBIX HCCIIEA0-
BaHUM MNOATBEPKAAIOT IIOJIYYCHHBIC TCOPETHUYC-
CKHE 3aBHCHUMOCTH NPH (Ppe3epoBaHUM 3ar0OTOBOK
KOHITIeBOH ¢pe3oit. C yBeTUUIeHHEM yTiia HaKJIOHA
pexXymmx KpoMok B mpenenax 30+48° ycraHosie-
HO YMEHBIIEHHE CcHJBl pe3aHus Ha 19-29 %.
YMEHBIIEHUIO CHJIBI PEe3aHMs TaKKe CIIOCOOCTBY-
€T Bpe3aHue (pe3bl B 3arOTOBKY 10 KacaTelbHOH,
nmoryTHoe (hpe3epoBaHKe BpaIIaroIIeicss 3aro-
TOBKH W TPEPBIBUCTOCTH (yMEHbBIIEHUE IJTNHBI)
pexymell KpoMku. IlomyueHHBIE 3aBHCUMOCTH
MO3BOJISIIOT ONTHUMM3UPOBATH PEXHUM  PE3aHMUS,
MOBBICUTH MTPOU3BOIUTEIBHOCTE 00paboTKH U 3-
(heKTUBHOCTh WCTOIB30BAHUS MOITHOCTH TPHBO-
Jla CTaHKa.

3. Ilo pe3ynbpraram SKCHEPUMEHTAIBHBIX HC-
CIIEIOBAaHUN YCTAaHOBJIEHO, YTO YBEIMYEHHE yTia
HaKJIOHA TJIABHOH PEXyIeH KPOMKH Jie3BHsl (pe-
361 A ¢ 30° mo 48° mpu 0OpabOTKe JILICKH HEIo-
IBIOKHOM 3aroTOBKH OOECTIEYMBAET CHIDKEHHE
TaHICHIUAIBHOH M PaJHAIBHON COCTaBJISIOIINX
cwibl pe3anns Ha 20-30 %. [Ipu ob6paboTke Bpa-
IAIOMIEHCST 3arOTOBKU IO CXEMe Oy THOTO (hpe-
3epOBAHHS MPOUCXOTUT CHIDKEHUE aMILTATYTHBIX
3HAUYEHUHA TaHICHUUAIbHOW U paJuallbHOM Co-
CTaBIJIIONINX CHJIBI pe3aHus 110 3 pa3 Mo CpaBHe-
HUI0O C O0pa0OTKON HEMOJBUKHON 3arOoTOBKH,

Hayka
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aIpH BCTpEeUyHOM (ppesepoBaHUM, HA0OOPOT, aM-
IUIUTYIHbIE€ 3HAYEHUS! TAHTCHIMAIBbHON U paau-
albHOW COCTABISIOIIMX CUJIbl PE3aHUsl YBEIUYU-
Barorcd ¢ 400 go 3000 H.

4. YCTaHOBJIEHbl  3HAYEHUS  IOMPAaBOYHBIX
KO3((UIIMCHTOB, yYWTHIBAIOIIUX BIHMSHUAC YrIia
HaKJIOHAa pexymeld KpoMkud K, M CBOMCTB 00-
pabareiBaeMoro Martepuana Ky, Ha CHIYy M CKO-
1,19-1,29
u Ky, = 1,02—1,14 cOOTBETCTBEHHO, YTO TO3BOJISA-

pocTh pes3aHuss B mnpexpenax K

€T TpU YBEIMYCHWM 3HAYCHUN yria HaKJIOHa
pexymeit kpomku ¢ 30° go 48° obecreuynTh CHU-
JKeHue cuibl pezaHus Ha 19-29 %, yBenmuenue
CKOPOCTH ¥ TIPOU3BOAUTENBHOCTH 00pabOTKH
B 1,19-1,29 pa3a mpu morpy3ke MOITHOCTH IPH-
BozioB Ha 20-30 %.

5. PekomeHayeTcs CleAyIOIIUi alropuTM pe-
aMM3alid  CKOPOCTHOH 00paOOTKH CIOMXKHOIPO-
(bMITBHBIX TIOBEPXHOCTEH (COUeTaHWE IWIIMHIPH-
YECKMX, KOHMYECKHUX, CPEPUIEeCKHX U IUIOCKHUX)
netaneit: 1) BEIOOp KOHIIEBOH (pe3bl € YIIIoM
HaKJIOHa pexyined KpoMku A = 30-60°; 2) BeiOOp
CXEeMBbI 00pabOTKM MOBEPXHOCTH JIETAlld C Kaca-
TENBHBIM JIBUKCHUEM pe3aHus; 3) yBeIUYCHUE
ckopoctu pe3anus B 1,2—1,3 pasa, uto obecneuu-
BaeT IMOBBINIEHHE MPOU3BOAUTEIBHOCTH 00paboT-
ku 110 1,3 pasa.
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