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IMPOBJIEMBI HOBBIINEHUA KAYECTBA MPOAYKIIUN MAIIIMHOCTPOEHUSA

OINTUMM3AIIUSA PEXKUMOB PE3AHUSA IO KPUTEPUSIM MUHUMAJIbHOM
CEBECTOMMOCTHU U MAKCUMJIbHOM MMPOU3BOAUTEJLHOCTH ITPH
TOHKOM TOYEHUUN UHCTPYMEHTAMM U3 CBEPXTBEP/IbIX
MATEPHUAJIOB

lansckas E.E., [lonskosa E.B., UBuenko T.I'. (kagp. TM, [JonHTY, 2. [Joneyk, Yrpauna)

[IpumeHeHne CBEPXTBEPIABIX MHCTpyMeHTaNbHBIX MarepuanoB (CTM) npu oOpaboTke
AeTaneil MalluH SBJISIETCS CYIIECTBEHHBIM pe3epBOM MOBBIMIECHHS 3(PPEKTUBHOCTH COBpe-
MEHHOT'0 MAallWHOCTPOUTENIBHOTO IMPOU3BOJCTBA. HecMOoTpss Ha GoJbIloe KOJIMYECTBO HC-
CJIICIOBAaHMI B 3TOM HAIPaBJICHUHU, BOIPOCHI ONTHUMU3ALMHU PEKUMOB DPE3aHUS OCTAIOTCA
JOCTaTOYHO aKTyaJIbHBIMH.

Haubonee pacrnpocTpaHeHHBIMU METOJaMHM ONTHUMM3ALMU B HACTOSLIEE BPEMS SBIseE-
toTcst MeTobl uHelHoro (MJIIT) u reomerpuueckoro (MI'TI) mporpammupoBanus [1], mo-
3BOJISIIOLIME OCYILECTBIIATh OJHOBPEMEHHYIO ONTHMMHU3ALMIO CKOPOCTU PE3aHUs U NOJAYU C
Y4ETOM JEHCTBYIOLIUX IPU PE3aHUU OTPAHUYEHUN 110 KPUTEPUSIM MAKCUMAJIbHOU IPOU3BO-
JIUTEIBHOCTH WJIM MUHUMAIIbHOM cebectoumocTu. O03aTeIbHBIM YCIOBUEM HCIIOIb30BAHUS
MUJIIT siBnsieTcst BO3MOKHOCTD JIMHEApU3alluy 11eJIeBOi (yHKIIMU U orpaHuueHui. J[s mouc-
Ka ONTHUMAJbHBIX PEXKHUMOB PE3aHMs B 3TOM ClIyyae UCIOJB3YIOTCS Kak rpaduyeckue, Tak U
aHAJTUTHYECKHE METOMbI pacueToB [2]. B ciyuac HenuHeiHHOHN 1eneBod (QyHKIMH, KAaKOBOM
SBIIIETCS Ce0ECTOMMOCTh 00palbOTKH JeTaneld, BechMa IenecooOpazno mpumenenne MITI,
JUIsSL KOTOPOTO TaKkKe BO3MOXHO IMOJydeHue aHainutudeckoro pemreHus [3]. [Ipeacrasiser
UHTepec panbHenuee passutue U cpasHenue MJIII u MI'TI npumenuTensHO K 3a1a4am oI-
TUMHU3ALUHU PEXUMOB pe3aHMsl IPU TOHKOM TOUeHUHU MHCTpyMeHTamu u3 CTM.

Llenb paboTHl — ONPEAECTUTH ONTUMANIBHBIE PEXUMBI Pe3aHHs], 00ECIIeYNBAIOIINE MU-
HUMAaJIbHYIO ce0eCTOMMOCTh U MAaKCUMAJIbHYIO MPOMU3BOJAUTENLHOTh 00paOOTKU MpH 3aJaH-
HOM YpOBHE KadecTBa 00pabOTaHHOH MOBEPXHOCTH IPU TOHKOM TOUEHHH C MCIIOJIb30BAaHHEM
PEe310B, OCHAILIEHHBIX AIbO0OpoM P.

IIpyn onTuMH3aLUU PEXKUMOB pe3aHUs TOHKOIO TOYEHMs C ucnoiab3oBaHueM MITI B
Ka4yeCcTBE KPHUTEPHs ONTUMH3AIMH NPHUHUMACTCS MEepEeMeHHas 4acTbh cebecToMMOCTH 00pa-
OOTKM JIeTaJI PEXKYILUM HHCTPYMEHTOM 3a OJIUH MPOXO/I, 3aBUCHILAsl OT PSKUMOB PE3aHus:

C = Aty + At to /T + Ayt /T, (1)

rne A - cebecTOMMOCTh CTaHKO - MHUHYTHI, 4, — CTOUMOCTb OJIHOTO NepHoJia CTOWKOCTH UH-
CTpYMEHTa; t,- OCHOBHOE BpeMsi 00paboTkH; t; - BpeMsi CMEHbI HHCTPYMEHTa; T - CTOHKOCTb
MHCTPYMEHTA.

LeneBast GpyHKIMS, BhIpa)karolias 3aBUCUMOCTb MIEPEMEHHON 4acTu ce0eCTOMMOCTH OT
PEKUMOB pe3aHUsl, C YYETOM M3BECTHBIX COOTHOIIECHUH OCHOBHOTO BpEMEHHM OOpabOTKU M
CTOMKOCTH MHCTPYMEHTA C PEKUMaMHU, UMEET BU!
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rae D, L - quametp u mummHa oOpabaThiBaeMoii TOBEpXHOCTH; A mpUITycK Ha o0paboTky; V -
CKOpOCTb pe3aHus; S — nogaya; t — rmyouna pesanus; Cr— ko3ddunuent u X, y, m — nokasa-
TEJIN, XapaKTepPHU3YIOIINE CTEIICHb BIUSHUS TIyOUHBI 1, moga4un S ¥ CTOMKOCTH T Ha CKOPOCTh
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pe3anus V, onpenensieMble B 3aBUCUMOCTH OT YCIOBUN 00pabOTKH.

B nacrosimei paboTe pemraercs 3aqaya JByXMapaMeTpUYeCKOW ONTUMU3ALUH, TO €CTh
3aada ONpeeNICHUs ONTHUMAIbHBIX 3HAUYEHUI CKOPOCTH pe3aHus W MOJa4yM NpU 3aJaHHOU
rIIyOWHE pe3aHus B YCIOBHUSAX OJHOMPOXOIHOU 00padoTku (t = A).

Torna neneBast GyHKIHMS MOXKET OBITh NMPEACTABICHA CIEIYIOUIMM 00pa3oM:

C=CoV I8 L4y v sks | (3)
X
7rDL DL
Cpo1 = 1 Cpo = (AL, + tMm:ky =1/m—-1; ke = m-1.
rae Coq 1000 02 = (At A”)1000CT v =1/ s=Y/

JU1s TOHKOTO TOYEHHUSI HEOOXOUMO YUYUTHIBATH OTPAHUYEHHUE IO MPENEIIbHO JOMYyCTH-
MO¥ IEpOX0OBATOCTh 00Pa0OTAaHHOM MOBEPXHOCTH Rj!

koSKL(90+y )4 rkav ks <R, 4)

rae Ko, Ki, Kz, K3, ks — koappunmeHT 1 mokazarenu, KOTOpble XapaKTEPHU3YIOT CTEIICHb BIIHSI-
HUSI TIOJa4M S, paauyca MpH BepIIMHE I, CKOPOCTH V U MEPeHEro yria y Ha IepoXoBaToCTh
00paboTaHHO MOBEPXHOCTH Ra.

DT0 OrpaHuYeHHE HEOOXOAUMO MPEIACTABUTD B CIIEAYIOIIEM BHJIE:

Cy StV k3 <1, (5)

rae koodduuuent Cpp = ky(90+ y )4 rk2 /Ra

OnrtuManbHble 3HAUCHHSI TOAAYH S,1 M CKOPOCTH pe3aHus V,1 ONpeiensioTes Tak:

Y(kg —k Y(ky —kg)
k k 1 s—kv) k kg +1 VRS
So1 = [wm\/ Woov (WK *2 /m ] Vg = [wof Woov (WS 2/ M]

(6)
a Wo1 Wo2
rae M =(tg + A, /AR ™ /Cr, VW), :(Lj (ﬂ} ct,
Woz1 Woz
__ kekg—kyky ks —ki w = Wor(+ky )—ky
% kskg —kykytkg—ki T2 kskg—kykgtkg—ky T ks

IIpn onrtumu3anuu pexxuUMOB pe3aHus ¢ ucnosbzoBanuemM MIJIII B kadecTBe 1eneBoin
(GYHKIIUN TPUHUMAETCs TPOU3BOAUTEIHHOCTh 00paOOTKH, MAKCUMYM KOTOPOM JOCTHraercs
pY MUHEMYME OCHOBHOTO BPEMEHH, WIIM MaKCUMyMe Mpou3BeAeHus N-S —max (N - yacrora
BpauieHusi). [Ipu oOpaboTke mHcTpymMeHTamMu n3 CTM paccMaTpuBarOTCS OTPaHUYCHUS 110
BO3MOXHOCTSIM PEXYIIEro MHCTPYMEHTA, MO JOIYCTUMOM IIEepOXOBAaTOCTH 00pabOTaHHON
MOBEPXHOCTH R, M KMHeMaTndeckue. MaremaTudeckas MOJIENb MPOLECCa PE3aHusl BbIpaka-
€TCsl CUCTEMOM JIMHEHHBIX HEPABCHCTB!

X1+ yVXZSbl, b1='ﬂﬁOOOCv Kv/ﬂDTmtX);
kgX1+kpX2<b; by = In(R,rk2 (xD/1000)%3 [k, (90 + )4 |
X12>hg, X1< by, )

X22bg, X2 < bg, bs = In Nyin; ba = 1N Npya;

(X1+ X 2)— max,
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b5 =lIn Smin; b6 =lIn Smax;

X1=Inn;X2=1InS§,
r71€ Nmin, Nmax, Smin, Smax - MPEAEIBHO AOMYCTUMBbIE YaCTOTHI BpameHus u nojgaud; Cy, Ky— ko-
3¢ GUIUEHTBI, OTIpe/IeNiIeMbIe B 3aBUCHMOCTH OT YCIIOBUN 00paboTKH

Ha ocHoBaHuu aHanm3a OrpaHu4eHUi, Ui JIIOOBIX YCIOBUI TOKapHOH 00pabOTKH MH-
CTPYMEHTAaMHU U3 CBEPXTBEPIBIX MAaTEPUAIIOB ONTUMaJbHAA MOJa4Ya S,, U CKOPOCTh Pe3aHus
V,2 MOTYT OBITH OTIpE/IeNIEHBI CIEAYIOIINUM 00pa3oM:

1 Y
k3, k3 k

So2 = v V02
% kT ™evk3 (901 )4 °

= .(®)
TV | RISk ([Brk2

Hannune aHanuTHYeCKHX 3aBHUCUMOCTEH AJIS OINpPENENCHHs ONTHMAJbHBIX PEKHMOB
pe3aHus CYIIECTBEHHO YIPOIIAaeT pa3paboTKy peKOMEHAIMA 10 BBIOOPY pallMOHAIbHBIX YC-
J0BH 00pabOTKH, YTO OCOOCHHO aKTYyaJIbHO JII TOHKOTO TOYEHHSI.

S, Vo, 3aKOHOMEpPHOCTH  U3-
*"E‘?g L MEHEHHS ONTHMAJbHBIX 3Ha-
013 250 \ YEHUN IM0Ja4u U CKOPOCTH
\ 5oz \ Vo pe3aHust OT TIIYOMHBI pe3aHus

013 \ v 200 \ s H IIEPOXOBATOCTH MOBECPXHO-
. \ SHH"""—- \‘;}.._,__ CTH, PACCYMTAHHBIX 10 JBYM
\'/Ei-. .,{ii_ T Pa3iMYHBIM  METOAUKAM —

0.11 Fo— 150 aa o— MITI (1) u MJIII (2), npen-
craBneHsl Ha puc.l u 2. On-

01 100 TUMAaJIbHbIE 3HAUCHUS PEXKH-
0 0.5 1 £ A 1] 0.5 1 & adae MOB pe3aHus, OOCIeYHUBarO-

M€ MaKCUMAJIbHYIO TpPOH3-
BoautenbHocTh (MJIIT), mpe-
BBIIIAIOT ONTHMAJIbHBIC 3Ha-
YCHUST PEXKHMOB  pE3aHus,

Puc.1. I'paduxu 3aBHCUMOCTH ONTHMAJIbHBIX 3HAYCHUN
NoJIauu Sp U CKOpOCTH pe3anust Vp OT rinyOuHbI pe3anus t
IIpY TOHKOM TOYeHUH, paccuuranuslie o MI'TI u MJIIT

o0ecreynBarIuX MUHUMAIIbHYIO cebectoumocts (MITTI).

S, Vo, B pesynbrare pacue-
% A TOB YCTaHOBJIEHO, YTO OI-
o ALH .

Saz T THUMaJbHAas I0/1a4a YMEHb
03 \< AeTcsl C  IOBBILICHUEM

/ g 200 \ N TIIyOMHBI PE3aHUsS M PacTeT
/ Vaj\ C YBEJIIMYEHHUEM HIEPOXOBA-
/ Soi \\ \ TOCTH TOBEPXHOCTH, OITH-
M
I

MajbHas CKOPOCTb pPE3aHMs

/ .| YMCHbBIIACTCS KaK C yBEINU-

YeHHUEM TIYOMHBI pe3aHwus,
Tak U C YBEIMYEHHUEM IlIe-

0 100
0.2 04 06 0.8 B, aes 0.2 04 0.6 08Raxamas POXOBATOCTH.
PacueTsl onTumaln-

Puc.2. I'paduixyt 3aBUCHUMOCTH ONITUMAITbHBIX 3HAYCHHH HBIX PEKUMOB PE3AHHS BbI-
MoJIa4u Sp U CKOPOCTH pe3aHus Vp OT IEepOX0BaTOCTH MOJIHEHB JUIg  00paboTKU
00paboTaHHOW MOBEPXHOCTH R, MPU TOHKOM TOYEHHUH,

paccuurannsle 1o MI'TI u MJIIT
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3akanennoii craau 45 (HRC 48) na cranke 16K20D3 (4 = Skon/mun., 4, = 15 kom; t, =
IMuH) pe3namu u3 3600pa P (nepexnuii yron y = -10°, pamuyc npu Bepiute I = 0,5Mm);
rnyouna pesanus t = 0,5mm; mepoxoBaTocTs moBepxHocTH Ry = 0,63 Mxm. [y ykazaHHBIX
ycIoBui 00pabOTKH MPUHSATHI CIEAYIONIHEe KO3PPUIMeHTH 1 mokazartenu: Cy =2,933 10% Ky
= 0,7, x=0,182; , = 0,303; m = 0,606; ko = 0,16; k; = 0,59; k, = 0,29; k; = 0,19; k, = 0,66.
[Tpu pacuerax mo MI'TI 3nauenus koapdunuento Co; = 362,7, Cp, = 0,65; C11 = 16,3, Wor =
0,28, W02: 0,72, W11: 0,853

OnrtumanbHble 3HAUYCHHS TTOAa4Yl U CKOPOCTH PE3aHMsl, PACCYMTAHHBIC B COOTBETCTBHUE
¢ ¢popmynamu (6) mo MI'TI, paBusi: S,y = 0,115 Mm/00, V,; = 163 M/MUH; B COOTBETCTBHUE C
dopmymnamu (8) mo MIJIIT: S,, = 0,122 Mmm/006, V,, = 200 M/MuH.

Ha ocHOBaHWM YCTaHOBJICHHBIX aHAJTUTHYECKHX 3aBUCHMOCTEH JJIsI ONpEeeIeHUs OIl-
TUMAJIBHBIX PEKUMOB pE3aHHsi MOTYT ObITh paccuuTaHbl KOA((UIIMEHTH U3MEHEeHUs cede-
cTouMocTH K¢ W IpOU3BOIUTENBHOCTH Kj; 00pabOTKM NpU OTKIOHEHUH BBIOPAHHBIX PEXKH-
MOB pE€3aHHUs OT UX ONTUMAJIbHBIX 3HaUeHUH S = KS,, V = kV,. (kK — cTeneHb OTKIOHEHUS):

< - Cov 151 cpv kv sks RE
. ~1g-1 KV ks T Vo202 ©)
Co1Vo1 Sor +Co2Var Sgp
W3 rpaduka, npenctaBIeHHOTO Ha pHC. 3, CIEIYeT,
K YTO MHUHUMAaJIbHAs cebecToMMOCTh 00paboTku (Kc = 1)
Er umeeT Mecto npu K = 1, TO ecTh MpH ONTHMAIBHBIX pe-
15 KHUMax pe3anus. [Ipu OTKIIOHEHHN PEKUMOB pe3aHusi, KaK
B MEHBIIIYIO, TaK ¥ B OOJIBIIYIO CTOPOHY OT ONITUMAJIbHBIX,
/ ce0eCTOMMOCTh yBeIMYMBaeTca. B cpaBHEHUU C pexuma-
1 MU pe3aHus, 00ECIeYMBAIOUIMMH MHUHUMAJbHYIO cebe-
o CTOMMOCTb, PEXHMBI, IIPU KOTOPHIX TOCTUTAETCS MAaKCH-
Kz MYM MpOU3BOAUTENbHOCTH (K7 = 1), 3HAYUTENBFHO BBILIE:
0.5 k = 1,5. JlanpHeliliee UX MOBBIMICHHE OTPAHUYCHO LICPO-
0.2 1 15k XOBaTOCTHIO 00pabOTaHHOI MOBEPXHOCTH.

Puc. 3. 3aBucumocts [Tpu pabote Ha pexxumMax, 00eCTIeUUBAIONINX MHUHHU-
KOO(UIIMEHTOB N3MCHEHHS MaJIbHYIO Ce0ECTOMMOCTb, MOTEPU IMPOU3BOIUTEIEHOCTH
cebecTonmoctu Kc 1 cocraBisaoT 25%. Ilpu pabore Ha pexxumax, obecredu-
MPOU3BOAUTEINBHOCTH K BAIOMIMX MAKCUMAJIbHYIO NPOU3BOJUTEIBHOCTh, MOTEPH

00pabOTKH OT CTEHICHH ce0eCTOMMOCTH COCTaBIIAIOT 5%.
OTKJIOHCHHA PCKUMOB TakuMm o0Opa3om, mpeacTaBIeHHAs METOANKA MTO3BO-

PE3aHNs OT ONTUMANBHBIX K jiger uist m06bIx YCIOBHHA TOHKOTO TOYEHHS BBIIOJIHSATDH
pacyeTbl ONTUMAJIbHBIX PEXUMOB PE3aHUs, 00ECIIEUNBAIOIINX KaK MUHUMAIIbHYIO ce0ecTou-
MOCTb 00pabOTKH, TaK U MaKCUMaJbHYIO MPOM3BOAUTENBHOCTh. PazpaboTaHHas MeToaMKa
OTIpE/ICICHUS] ONITUMANIBHBIX PEKUMOB PE3aHHUS MOXKET ObITh MCIOJB30BaHA ISl JIIOOBIX BU-
0B 00pabOTKH.
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