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OMNPEAENTEHVE OMNTUMAJIbHbIX PEXXMMOB PESAHUA,
OBECINEYNBAOLWNX MUHNMAJIbHYHO CEBECTOMMOCTb OBPABOTKI
N3OEJTN N3 HUYT YHA

ButoxmnHa A.B., eueHko T.I". (kadp. TM, JoHHTY, r. [loHeuK, YKpanHa)

B coBpeMeHHOM MalUMHOCTPOMTEIbHOM MPOM3BOACTBE 06pPaboTKa AeTanelt U3 vyryHa
3aHVMaeT BeCbMa BaXKHOe MeCTO, B CBA3W C YeM, aKkTyaslbHbl 3afayy Nno onTummsaumum npo-
LIeCCOB pe3aHus aTux MaTtepuano. O4HUM U3 Pe3epBOB NOBbILLEHWS 3PHPEKTUBHOCTU 06pa-
OOTKM YYTrYHOB SIBNAETCA ONpejesieHne ONTUMAbHbLIX PEXVMOB pe3aHus, 06ecrneymBatoLLmX
AN15 3aflaHHbIX YCNOBUIA 06paboTKM 1 TpeboBaHWUIA K Ka4yeCTBY NOBEPXHOCTEN MUHUMA/IbHYHO
ce6ecToMMOCTb.

B HacTosLee BpeMs LOCTATOYHO PacnpoCcTpaHeHHbIM METOLOM ONTUMM3ALUN ABISETCS
MEeTOZ, reomMeTpuyeckoro nporpammupoBaHns (M) [1], no3BonstoWmiA OCYLLECTBNATL 0f-
HOBPEMEHHYIO OMTUMM3ALMIO CKOPOCTU pe3aHns U Nojayn ¢ y4eToM LeliCTBYOLMX Npu pe-
3aHWN OrpaHNyeHnii No KPUTEPUID MWHUMaSIbHON cebecToMmMocTU. B 13BeCTHbIX paboTax,
MOCBSALLEHHbIX ONTUMM3ALMN MO0 KPUTEPUIO MUHMMaNbHON cebectommocTt MITT [2, 3], oc-
HOBHOe BHMMaHWe yaensnocb 06paboTke ctanei. MpeactaBnseT UHTEPeC AaslbHeLlee pas-
BUTMEe MIT1 npuMeHNTeNbHO K 3aa4amM ONTUMU3aLmMm PeXMoB pesaHus npu obpaboTke ae-
Tasieil U3 YyryHa.

Llenb npenctasnsieMoit paboTbl — pa3paboTaTb METOAMKY OnpesenieHns ONTUMa/IbHbIX
PEXUMOB pe3aHus, obecrneunBaroLLMX MUHUMaNbHYIO Ce6eCTOMMOCTb PasIMyHbIX BUAOB TO-
KapHOI 06paboTKM AeTanein n3 YyryHa.

Mpy onTUMM3aUUM PexxMmoB pe3aHuss MITT B KayecTBe KpuTepus OMTUMaIbHOCTM

MPUHUMAETCA NepeMeHHas YacTb ce6eCcTOMMOCTY 06paboTKN AeTann PeXyLLMM UHCTPYMEH-
TOM, 3aBUCALLAA OT PEeXMMOB pe3aHus. Mpu gByxnapamMeTpuyeckor OnTUMMU3aLMK, TO eCcTb
onpegeneHnst oNTUMa/IbHbIX 3HAYEHWUIA CKOPOCTU pe3aHns 1 nogadu ¢ 3afaHHOW r1y6uHoO

pe3aHus B YCIOBUAX OHONPOXOAHON 06paboTKu, Lenesas hyHKUUS UMEET BUA:

C=Vist+mvhivsks (1)

raeM =(t, + A, /AR¥™/C; ; ky =1/m -1; kg = y/m = 1; A - ce6eCTOMMOCTb CTaHKO -
MUHYTbI, A, — CTOMMOCTb OHOTO Neproja CTOMKOCTU MHCTPYMEHTE; t; - BPEMS CMEHbI UHCT-
pymMeHTa; Ct — KOAPMULUMEHT 1 X, Y, M — NoKasaTenn, XapakTepusytoLime cTeneHb BANAHNUSA
rny6uHbl t, nogayn S n CTOMKOCTN T Ha CKOPOCTb pe3aHus V.

[nsa 4epHOBOro TOYeHWS Hambosiee PacrnpoCTPaHEHHbIM SBASETCS OrpaHMyeHne no
MPOYHOCTY MNACTUHbI PEXYLLIEr0 UHCTPYMEHTa:

34¢h3¢ 077 (sin 60°/sin (/))0'8 2CpKpS Pt @)

rfe ¢ — TOMLMHA NNaCTUHbI @- TNaBHbIA yron B nnaHe; Cp, Kp - KO3QHULMEHTBI U Xp, Yp — MO-
KasaTenu, XapakTepu3ytoLLme CTeneHb BAUSHUSA TNYGUHbI U NOAAYN Ha CUY pe3aHnst P,.

[ns YepHOBOrO M YMCTOBOFO pacTaumBaHWs B CBS3M C BO3MOXHbIM 3HAUYNTENbHbIM
BbI/IETOM [lepXKaBK/ PaCTOYHOrO MHCTPYMEHTa HEOBXOANMO YUNTbIBATh OFPaHUYEHME MO XKe-
CTKOCTU PEXYLLETO MHCTPYMEHTA:
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4P13[Ed* < f,; 4C, K, t*Ps”PI1° [Ed* < £, 3)

roe | - BbineT gepxkaBKu pesua; d — AMameTp onpasKu Un pa3mep [epkaBku pesua; E - mo-
AyNb YNpyroctu marepuana fep>xasku; f, - gonyctmas ctpena nporméa: 4ia YepHOBOI 06-
pa6oTku f, = 0,1MMm; 4519 uncToBoli - f, = 0,05Mm.

[l715 YNCTOBOTO M TOHKOrO TOYEHMSA U pacTaynBaHUA HEO6XOAMMO YUNTbIBATL OrpaHu-
YeHwe Mo JOMYCTUMON LLIEPOXOBATOCTH 06pabOTaHHOM NMOBEPXHOCTYU Ry:

k,Srkevs <R, (4)

rae Ko, ki, Ko, ks — KOapmumeHT 1 nokasaTenin, XapakTepusyroLime cTeneHb BANSAHNUA nogadn
S, pagmyca npu BepLUMHE I, CKOPOCTM V Ha LLePOX0BaTOCTb MOBEPXHOCTU R;:

OrpaHnyeHns Heo6XoaVMMO NPeACTaBUTb B CeAYIOLLEM BUE:

C,5’P <1; C,5"P <1; C,SMvis <1, (5)

rae Cy, Cy, C3 - KO3(MULMEHTBI A/151 OFPAHUYEHUIA MO MPOYHOCTM, XKECTKOCTY 1 LLIEPOXOBATO-
cTH,

C, =CoKpt™® /34c5t° (sin60" sing)* ; C, =4C,K tP1° /£ ,Ed*; C; =k,r'2 /R, .
OnTuManbHble Nogaya S, 1 CKOPOCTh pe3aHmns V, onpeaenstoTes cneaytoLmm o6pasom:

i Yks—ky) o1 kv —ks)
5, - Wi ) N R & V0 10 ts
0 ] 0 |:|

U [
N M O U M [

., (6)

rae V(W)M :( 01)W01 (I\/I/VVOZ)WOZ C}Ni - ABOWCTBEHHas PyHKUMS; Wo1, Wo1, W; - KO-

3 uULMeHTbI BECOMOCTEN, ONpeaensieMble B 3aBUCMMOCTN OT OrpaHNYEHMNIA:
NPV OrpaHNYeHnsX NO MPOYHOCTU MAACTUHbI U XKECTKOCTU MHCTPYMEHTA

0= a s Woz -1 W =W, :W01(1+k5)_k5 : (7)
1+ky 1+ky Yo
MPY OrPaHNYEHUsAX Mo AOMYCTUMOINA LLEPOXOBATOCTM MOBEPXHOCTU
kok, =k, k k, —k W (1+k,, )=k
W01: S™3 V™M ;W02= 3 1 ;W3= 01( V) V(8)
ksks —kyk; +k; =k ksks —kyk; +k; —kg ks

MpyMepbl onpeeneHns ONTUMabHbIX 3HaYeHWIn CKOPOCTU pe3aHus V, 1 nogadn S,
obecneymsaroLLMX MUHUMa/IbHYHO Ce6eCTOMMOCTb, NPUBELEHbI 419 YEPHOBOIO, YACTOBOIO U
TOHKOrO pactayvBaHuns oteepcTus (grametp D = 100mm, gnmHa L = 50Mm). Ycnosus obpa-
60TKM: MaTepman - yyryH CU20 (HB 190); pesubl BK8, BK6 1 anb6op - P (nepeaHwnin yron y
= 0°; rnasHbIii yron pesua B nnaHe @ =45°); rnybuHa pe3aHus tuepn = 4MM; tuser = 2MM; trow =

104



NHXXEHEP, Ne 12, 2011 r.
MPOLECCbHI PESAHUA

1MM; TONWMHA NNACTUHBI ¢ = 4,76MM; paguyc Npu BepwnHe r = 1 MM; LLIEPOX0OBATOCTL MO-

BEPXHOCTU Ry = 1MKM; CTOMMOCTb CTaHKOMUHYTbI A = 5KON/MVH; CTOMMOCTbL O4HOI0 Mnepuo-

[a CTOMKOCTW MHCTpYMeHTa A, = 15kon/nepnog; Bpems CMeHbl MHCTPYMeHTa t; = IMUH.
KoathuLmeHTbI 1 NokKasatenn CTerneHein B CTOMKOCTHbIX, CU/I0BbIX 3aBUCUMOCTSX U 3a-

BMCMMOCTSAX MO LLePOX0BaTOCTU AJ1 pa3HbIX BUA0B 06paboTKu:

‘-IepHOBOI/I Cv =243; Ky=0,66; m=0,2; y, = 0,40; x, = 0,15; C; =92; K, =1, y, = 0,75; Xp = 1;

ynctooit: Cy =292; x = 0,15; y = 0,20; m=0,2; ky =4, ks=0; ko = 21; k; = 1,8;

ToHKoM: Cy=53,33 10°; Ky = 0,539; x, = 0,194; y, = 0,848; m, = 0,645; k; = 1,15; k, = 0,29; ks

=-0,18.
[ns 3afaHHbIX YCNOBUIA 006paboTKN onpefenieHbl KoaphrLMeHTbI BECOMOCTH:
AN YepHoBOW 06paboTkn: Wo; = 0,8; Wp, = 0,2; W13 = 0,8;

AN yncToBon 06paboTku: Woy = 0,8; Wo2 = 0,2, Wy, = 0,444,

NS TOHKOro ToyeHua: Wy = 0,306; Wo, = 0,639, Wi = 0,417.

OnTUMa/IbHbIE PEXMMbI pe3aHIs

ANs YepHOBOW 06paboTKN: Souep = 0,62MM/06; Vouepn = 91,3M/MUH;

A1 YNCTOBOMN 06PabOoTKN: Souuct = 0,2MM/06; Vouyer = 130M/MUH;

ANA TOHKOT0 TOYEHUSA: Sotouk = 0,IMM/06; Vorouk = 244,5M/MUH.

Ha ocHOBaHWMM YCTaHOB/IEHHbIX 3aBUCUMOCTE MOXKET ObITb paccunTaH KoapguLumeHT
N3MeHeHns cebecToMMOoCTN 06paboTKM NPU OTKNOHEHUN BbIOPAHHBIX PEXWMOB pe3aHus oT
NX ONTUMaIbHOIO 3HaYeHna S = kSy, V = k<1'yV)VO. (k — cTeneHb OTK/IOHEHUS):

KC W01k Wll W k k (1_yv+ypwll)+k5 _kV — K1+ K2 (9)
3 rpadiuka, npeacTaBneHHOro Ha puc. 1, cneay-
K €T, YTO MUHMMa/bHas Ce6ecTONMOCTL 06paBOTKM MEeT
MecTo nMpu k = 1, TO ecTb NPU ONTUMANbHbIX PEXUMAX
pe3aHusi. Mpn OTKNOHEHNUN PEXMMOB Pe3aHnsi 0T ONTU-
5 Ma/lbHbIX, KaK B MEHbLLYIO, TaK 1 B 60/bLLYIO CTOPOHY,
¥ cebecToMMocTb yBennumBaeTcs. MNepBasi COCTaBSIOLLAS
¢ Ki koathtpmupmeHTa K, cBsizaHHast ¢ MallMHHON 06paboT-
___E#// Koli 1 oLeHMBaemasi BeCOMOCTbiO Wo;, MOCTOSIHHO BO3-
1 pacTaeT C YBENMUYEHUEM PEXMMOB Pe3aHusi, HO BTOpPas
cocTaBnsitollas K, cBf3aHHas CO CMEHOI MHCTPYMeHTa
K K, 1 OLleHMBaeMasi BECOMOCTbIO Woy, YObIBAET.
0 L BbiBoabl. Taknm 06pa3om, npeacTaB/ieHHas MeTo-
075 1 195 |- [vKa no3BonseT Ans NoObIX YCNOBUIA YEPHOBOTO, YMC-
TOBOrO W TOHKOFO TOYEHWS| M pacTaunBaHWs YyryHOB
Puc. 1. 3aBuc1mocTb BbIMOMHATb PacyeTbl ONTUMAsbHbIX PEXVIMOB pesaHus,
KO3((MLNEHTA U3MEHEHNA 06ecneunBaoLLIMX MUHUMaNbHYO Ce6eCTOMMOCTbL 06pa-
Ce6ecToMmMocTn 06paboTKN OT  Gorky. PaspaboTaHHash METOAMKA MOXET BbiTb MCMONb-

CTEMEHN OTK/IOHEHNA PEXUMOB  30BaHa 191 I106bIX BUJ0B 06PABOTKM.
pe3aHua OT oNTUMasbHbIX K

Cnucok nutepatypbl: 1. OnNTuMU3auma 1 ynpasneHune
npoueccom pesaHus / O.C. Kponb, I'.J1. Xmenosckuit. — K.: YMK BO, 1991. — 140c. 2. /s-
yeHko T.I'., LLlanbckas E.E. OnTuMnsaLma peXxumMoB pe3aHns npu YNCTOBOM MU TOHKOM ToYe-
HUM METOAO0M reomeTpuyeckoro nporpammuposanus / T.IM. ViBueHko, E.E. LWanbckas // IMpo-
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rPECCUBHbIE TEXHO/IOTUWN N CUCTEMbI MaLLIMHOCTPOeHNs: — [loHeuk: JoHHTY, 2010. Bein. 39.
— C.91-97. 3. T.I'. NBueHko, E.E. LLlanbckas. lMoBsbileHne 3(h(HeKTUBHOCTU MPUMEHEHNS
CBEPXTBEPAbIX MHCTPYMEHTA/IbHbIX MaTepuasioB 3a CYeT ONTUMMU3ALMN PEXMMOB pe3aHns /
N3BecTna TTU FO®Y — [loHHTY. Taradpor: TTU FO®Y. KH.3. 2010. - Ne 10. — C.158-163.

NYTW PASBBUTUNA OTPE3HbLIX ®PE3
Hdonrnx A.C. (MI'TY, r. Mapuynons, YKpavHa)

OTtpe3sHble (pesbl NPUMEHSIOTCA C APEBHUX BPEMEH U 10 HACTOSLLIEr0 BPEMEHW, C Ka-
X[bIM ro4OM COBEPLUEHCTBYETCA KOHCTPYKLMA UHCTPYMEHTA 3a CYET U3MEHEHUS FeOMeTpUM
1 (hOpMbl, NOBbLILLIAETCA KAYECTBO MHCTPYMEHTA, YBEINYMBAETCA IKCMnyaTauua[l].

Llenbto BbINOMHAEMOW PaboThbl ABNSETCA CO3J4aHNe YCOBEPLUEHCTBOBAHHOM KOHCTPYK-

LMK OTPE3HbIX pes.
CnaBHOM 3afiayeil Halleil paboTbl ABNSAETCA YCOBEPLUEHCTBOBAHME WHCTPYMEHTA A/ Pe3KM
3aroTOBOK pa3/IMyHbIX MaTepuanos C LUMPUHON pe3a MeHee 1 MM., B KOTOPOM 3a CYET HOBbIX
KOHCTPYKTUBHbIX 3/1EMEHTOB M UX B3aMMOCBA3M TpebyeTcs 06ecneunTb XECTKOCTb PexyLLe-
ro AMcKa, 4To NpmBedeT K 06ecreyveHnto cTabuibHOCTM MO LWNPUHE pe3a, NPAMOIVHENHOCTH
pesa ¥ Mo3BO/IUT MUCMONb30BaTb MHCTPYMEHT /15 06pabOTKM pas/fIMyHbIX MaTepuanos, B TOM
ymcne 1 AOPOroCTOALLMX.

PeLleHVIO JaHHbIX 3afay NOCBALLEHO 60/bLIOE KOMMYECTBO Hay4HbIX TPYLOB, exe-
rOAHO pa3pabaTblBalOTCA HOBbIE WHCTPYMEHTbI, NOMyYatoT MATeHTbl Ha 3TU U306peTeHus.
MepBbliA NaTeHT nonyunn B 1777 rogy B AHraMn Camymn Munnep Ha Kpyrnyw LUCKOBYHO
MUy, OCHOBHAs KOHCTPYKLMSA KOTOPOA COXpaHUIach [0 HaCTOALLEro BpeMeHu (puc. 1).

PucyHok 1 - ®pe3a AMCKOBas 0Tpe3Has Le/ibHas

B [3] npmBedeHa KOHCTPYKLMS OTPE3HOr0 Kpyra, KOTOPbIi MOXHO MCMO/b30BaTh B
MaLUMHOCTPOEHMM NPU PE3Ke 3aroTOBOK C LUMPUHONM pe3a MeHee 1 Mm (puc. 2).. ITOT OTpes-
HOW KPYr, BbINO/IHEHHBIV B BUAE METaNIMYECKOr0 AMCKA C PaBHOMEPHO PaCnONOXEHHbIMU W
HECYLLIMMIW PEXYLLME 3MIEMEHTbI paanaibHbIMU 3yObsMU Ha BHELLIHE 06pa3yoLLeid, Ha KaXX-
A0M 13 KOTOPbIX 06pa3oBaH OCTPbIA NEPeAHWIA Yrof, NP 3TOM AUCK BbINOMHEH U3 TUTAHOBO-
ro cnnaga, MepefHniA yron BbinonHeH He Gonee 3°, a Ha 3afHeli MOBEPXHOCTU KaXAOro 3y6a
06pa3oBaH CKOC, NPOXOAALLMIA Yepe3 cepeanHy 3y6a 1 pacnonoxeHHbI nog yriom 30 -50° k
paguycy AMcKa, nNpyv 3TOM TOPLIEBbIE MOBEPXHOCTU AMNCKA COAEPXKaT aHTUPPUKLMOHHBIE C/OK
13 OKCWUA0B N HATPUAOB TUTaHa. DTOT OTPE3HOIN KPYr npeaHasHauveH Ans 06paboTKy ynpyrmx
MaTepuanioB, HO He MOXET ObITb MCMONb30BaH A/ 06Pab0oTKM TaKUX TBEPAbIX MaTepuanos,
KaK CTaslb, YyryH N LBETHbIe MeTaN/bl, TaK KaK BbIMNO/HEH 13 TUTAHOBOMO CMnaBa, He 06na-
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JaloWwero BbICOKMMN MPOYHOCTHBLIMU U CTOMKOCTHbIMU XapaKTePUCTUKaMn npun o6pa60TKe
MaTepnanos, UMEKOLWNX BbICOKME MEXaHNYECKNE CBOMCTBA. TakXe u3-3a TOro, YTo TUTaHO-
Bbl€ ClJlaBbl UMEKOT HU3KYIO TEM/I0NPOBOAHOCTb U BbICOKYHO XPYMNMKOCTb— MX Ma3bl N CKOCbI
BbIMO/IHAKOT MPM NOMOLLA

nasepa, 4To TPYA0EMKO M 3KOHOMUYECKUN He Liefneco-
o6pa3Ho. Kpome 3TOro npouecc HaHeceHWs aHTu-
(DPUKUMOHHBLIX CMI0EB Ha TOpLEBble MOBEPXHOCTM
AMCKa TOXeE [0CTAaTOYHO TPYAOEMOK MO BPEMEHMW W
TpebyeT [OPOrocToALLEro  CneLuann3vpoBaHHOIo
obopypoBaHus Ana obecneyveHMs npoLecca HacblLe-
HUS TPYLUMXCH, MpU pe3aHuK, NOBEPXHOCTEN aHTu-
(DPUKLMOHHBIM C/loeM. DTOT OTPE3HOWN KPYr He Mo-
7 KT W3roTaB/MBaThCA 60MbLUINX  ANAMETPaA/IbHbIX
/; pa3mMepoB, TaK Kak npu 3aToM OH He 06nafaeT focTa-
TOYHOI XKECTKOCTbIO M B CW/ly 3TOr0, He MOXeT
0becneynTb CTabUNbHOCTL MO LUMPUHE pesa, a Takxe
' MPAMO/IMHEHOCTb pe3a W ero 3ak/uMHWBaHWe npu
' U 06paboTKe YepHbIX U LBETHLIX METa/I10B.
Puc. 2. OTpesHoun Kpyr

"naBHaa 3afaya AaHHON PaboTbl pellaeTcs 3a CHET CO3A4aHMA UHCTPYMEHTA A1 Pe3KM
3aroToBOK [4]. MNpeanaraeMblii OTPE3HOM KPYT UCK/KOYaEeT BCE OMNMCaHHbIE Bblle HeJOCTaTKy,
TaK Kak BbIMOSIHEH B BUAE MET//IMYECKOrO AWCKa B BUAE KO/blLa C paBHOMEPHO pacrono-
YKEHHbIMW 3YO6bAMM, BbINO/HEHHLIMW Ha BHYTPEHHEN NOBEPXHOCTU KO/bLA, CMOHTMPOBaHHO-
ro B XKeCTKOM 060/iMe Npu MOMOLLY PacTArMBatoLLMX CErMeHTOB, KOTOPbIE UMEKOT BO3MOXX-
HOCTb pafiMasibHOro nepemeLLeHns K Hapy>XHOW obpasytollet gucka obecrieymsas Tem ca-
MbIM, YBE/IMYEHME XKECTKOCTU PEXXYLLEro AUCKA, YTO B CBOK OYepefb MONOXKMTENbHO CKa-
XeTca Ha obecrneyeHnn cTabubHOCTY MO WMPUHE Pe3a, a TakXKe ero NpsiMOSIMHENHOCTH, YTO
MO3BOIMT UCMO/b30BaTh HAaL MHCTPYMEHT A/15 06paboTKM LOPOroCTOALWMX MaTePUaoB.

3 1 4 €6 5 WHCTPYMEHT ON1a pe3kn 3aroToBOK
COLEPXMUT MeTaNINYecKnin guck 1 B Buge
KOMbLa, pexkyLuue 3yobs 2 Ha BHYTPEHHEN
MOBEPXHOCTU  META/I/INYECKOrO  AWCKa,
pacTarmearoLLme CermMeHTbl 3 co3garoLme
HaTsXKeHWe MeTa//IMYeCKOro [AMcKa, 3a-
KpenneHHble K KONbLEBOMY 3/1IEMEHTY
6onTamm 4 ,MOHTUMPYEM B XKeCTKOW 060Mi-
me 5, 6ontamu 6 (puc. 3). NIHCTpPYMeHT
A/19 Pe3Kn 3aroToBOK CO6GMpaloT crefyto-
WUM 06pa3oM: K MeTa/ININYECKOMY ANCKY
1 B BUAE KOMbLA C PeXXyLLUMMU 3yObaMmU 2
Ha BHYTPEHHel MOBEPXHOCTU MeTa/linye-
CKOro AucKa NpUKPennstT pacTaruearo-
LMe cerMeHTbl 3 ¢ NOMOLLbIO 60/1TOB 4.
BonTbl 4 3akpyunBalOT NpesBapuTebHO.
MonyyYeHHY0 KOHCTPYKLMIO 6a3upytoT no
Hapy>XHOW NOBEPXHOCTW W TOpLY B cne-
Pnc. 3. IHCTPYMeHT [ pesku 3ar0ToBOK LMaibHOM MPUCTIOCOB/IEHNN. Y CTaHaBN-

BalOT MNavsieu, no CKOI'Ib3FILLI,el7I
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nocafike, Ha KOTOpbI YCTaHaBNMBAKOT KOHCTPYKLMIO, KOTOPYK) MOHTUPYIOT B >KECTKYHO
o6orimy 5 npu nomowy 60n1ToB 6. OKOHYaTENIbHO 3aKpy4MBatoT 60N1Tbl 4, 6ONTHI 6, TEM Ca-
MbIM OKOHYaTeNbHO PacTArMBalOT MeTaMyeckuii anuck 1 B Buge Konbua. OCyLecTBAAIOT
06513aTe/IbHbIA KOHTPO/b CKO/b3ALLEN MOCAAKN.

HenpepblBHOE rNaBHOE BpallaTeNlbHOE ABMXKEHWE OCYLLECTB/ISETCA WMHCTPYMEHTOM
[/ pe3Ku 3aroToBOK, a ABVKeHWe nogayn (MocTynarenbHOe) — 3aroToBKOM. HCTpPYMeHT
A1 Pe3KM 3ar0TOBOK M3rOTOBJIEH W3 IEFMPOBAHHON KOHCTPYKLMOHHOW cTain - 40X.

[JaHHbIA MHCTPYMEHT NO3BO/ISET AenaTb MOopesky Ha TOYHbIE MepHble 3aroTOBKU B
ceyeHun oT 1 MM 0 360MM - pasfIMyHbIX TPYO U NPOPULHLIX 3ar0TOBOK U3 pas/IMYHbIX Ma-
Tepuanos, TaKMX KakK altoOMUHWIA, UMHK, CBUHEL, Mefb, 30/10TO, cepebpo, CriaBoB — OPOH3bI
W NaTyHU, KPOMe MaTepuasioB, UMEOLLMX abpasnBHbIe XapaKTepUCTUKK. UTO LeHHO ANd Ya-
COBOM, NPUBOPOCTPOUTENBHOW Y UHCTPYMEHT&/IbHON MPOMBILLIEHHOCTH.

WHCTpYMeHT [Ans pe3ky 3aroToBOK - YHMBEPCA/bHBINA, B €ro COCTaB BXOAUT Habop
MeTaIIMYecknx AnckoB 1 pasnmyHbix pasmepos (d =50; 150; 250; 400Mm)

B 3aknt04eHUN MOXXHO OTMETUTb, YTO MCMO/b30BaHMe Npes/iaraeMoro MHCTPyMeHTa
[/ pe3Ky 3aroToBOK C LUMPUHON pe3a MeHee 1 MM, M03BONSET 06eCneUnTh XKECTKOCTb pe-
XYLLEro AmMcka, 4To NpuBOAMT K 06ecneyeHnto cTabunbHOCTU MO LWUMPUHE pe3a, NPsIMOsu-
HEMHOCTWN M UCMONb30BaHWe MHCTPYMEHTA A8 00paboTKM pas/IMyHbIX MaTepuanos, B TOM
4uncne N AOpPOrocToSALLMX.

Cnucok nutepatypbl: 1. PoguH M. P. MeTannopexyuime MHCTpYMeHTbl / T1. P. PoauH. —
M.: Bbiclad Wwkona, 1986. — 482 c. 2. CnpaBoOYHMK KOHCTPYKTOPa-HCTPYMEHTa/IbLL KA
/ B. . bapaHunkos [u gp.]. — M.: MawwuHocTtpoeHune. 2006. — 524 c. 3. A.c. 1135674 CCCP,
Kn. B28D1/12. OTpe3Hoi Kpyr n cnocob ero marotosnenus / . A. Casnyes, B. C. Paes,
A. A. NNoxos.. — Ne 92009851/08; 3asBn. 30.11.92; ony6n. 27.08.95. 4. A.c. A08344 YKpanHa
MMK 8 B2445/12, NHCTpyMeHT anst pesku 3arotoBok / A. H. Muxaiinos, A. C. Jonrux,
A. A. Muxainnos. — Ne 7074; 3aasn. 4.07.11.

BbIEOP CIMNOCOBA NogA4YnN CMA3OYHYHO-OXTAXOAKOLWNX
TEXHOJIOI MYECKNX CPE[ B 30OHY PE3AHNA
MNP NE3BUMHOW OBPABOTKE

3aiiueBa N.1HO., MBueHko T.I". (kadp. TM, JoHI TY, r.[loHeuK, YKpanHa)

B HacToslee BpeMsi npu 06paboTKe Ne3BMIMHLIM MHCTPYMEHTOM Hambosee pacnpo-
CTpaHeHbI criefytome cnocobbl Nogayun cMa3ouHo-oxnaxaaroLwein xumakoctn (COXX): nonms
CBOOOAHO MajaroLLEen CTPyeli XMAKOCTH; CTPYiMHO-HanopHasa nogada COXX; nogaya COX B
pacnblfneHHOM cocTosHMM [1]. MprumMeHeHne COXX — Hanbornee 3h(heKTUBHbINA NMYTb CHUXEHMS
TemnepaTypbl 1 NOBbILLEHNA CTOMKOCTU PEXYLLEro MHCTPYMeHTa. 1S OXNak4eHWs UHCTPY-
MeHTa npenmyLlecTseHHo ucnonb3ytotcs COXK Ha OCHOBe BOAHLIX PacTBOPOB, MMEHOLLNX
Tennogu3nyeckre CBONCTBA, 6/13KM1e K CBOMCTBAM BOJbI.

B npeacTaBneHHO paboTe B kKayeCTBe OCHOBHOIO KpuUTepumsi Bblbopa crnocoba rnogayuu
COX B 30HY pe3aHUsi peKOMeHAYeTCA KO3(PPUUMEHT TEMI00TAaUN «, XapaKTepu3YHoLLMWiA
OCHOBHbI€ 3aKOHOMEPHOCTW KOHBEKTUBHOIO TEMN/I000MEeHa U MHTEHCUBHOCTL O0TBOAA Teria oT
Ne3BUA WHCTPYMEHTa, CTPYXXKWU M feTann. [ns pacyeta KO3(guUMEHTa TenaooThauv npu
BbIHY>XEHHOW KOHBEKLMW Cpefibl, BO3HMKAIOLLEN B Clyvae NPUHYANTENbHOrO ABMXXEHUS OX-
NOXAAOLLEN XMAKOCTM B 30He pe3aHusl, CMOoNb3yeTca KpuTepuasbHoe ypaBHeHue [2]:
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Nu, =CeRe™ Pr"Gr>(Pr, /Pry )%, 1)

roe C, m, p, X, Y, Z — KO3(ULMEHT 1 NOKa3aTeNn CTEMEHeN, 3aBucsLLue 0T crnocoba nogaqm
XNAKOCTHU B 30HY 06pa6OTKI/I; nonpaBKa € Y4YUTbIBAET M3MEHEHMNE TEMTOOTAAYN MPUN HaK/TOHE
CTPyW Moj, YroM ¢
3
g:exp5-4l]06(90° —(0) E )

B cocTtaB ypaBHeHUs (1) BXOAAT YeTblpe 6e3pa3MepHbIX KOMMeKca:
Nu, =a |/2; Re, =wl/v; Pr, =v/w; Gr, = B0, -6,)1°/v?, ©)

roe Nup —Kputepuin HyccenbTa; Rep - Kputepuii PeitHonbfca; Pro — Kputepuid MNpaHatns;
Gro —KpuTepuii Mpacroga; o - KoahULUMeHT TennooTthaun; | — xapakTepHblii pasmep; w —
CKOPOCTb MOTOKa; Vv - KMHEMATUYECKUA KOS(M(ULMEHT BA3KOCTW Cpefbl; @- KOIPHULMEHT
TemnepaTyponpoBOAHOCTHU; £ - KOSDPULMEHT 0ObEMHOIO pacLUMpeHns; g — YCKOPeHWe CBO-
6ogHOro nageHunsi, G U G, — TeMnepaTypbl NMOBEPXHOCTU WHCTPYMEHTA U OX/IaXAAOLLEN
cpegpl.

Mpy nofadve BOAHbLIX PacTBOPOB MOMBOM CBOOGOAHO MajatoLLeli CTpyein XUAKOCTH, AB-
NALLMMCA caMblM NPOCTLIM 1 Hanboee pacnpoCTpaHeHHbLIM CNOCO60M, NMPY KOTOPOM CTPYA
HanpaBNAeTCs KakK Ha CTPYXKKY, Tak U Ha UHCTPYMEHT, [N onpesieneHns KoapduuneHTa Ten-
NOOTAAYN NCMONb3YeTCA KpUTepUasibHOe ypaBHeHWe B BUJE:

Ny =02&R&° PP*%(Py/Pg )**° (4)
3 3TOro ypaBHeHus onpeaenseTcs KoagmuLMeHT TENN00TAAYN:

— 3 0.6 /104
oo =1900% W08 /104 (5)
XapakTepHblii pasmep | npy ycnosuy NnonepeyHoro 06TekaHns Tena XXUAKoCTbIO ornpe-
[EeNseTcs Kak 3KBUBASIEHTHbIV AMameTp:

|=d,, =4F/P=BH/2(B+H), (6)

3KB
roe F— nnowasib nonepeyHoro ceveHns Tena, P - NOMHbIA CMOYEHHbI NepyMeTp 3TOro ceye-
HKg, B, H — pasmepbl MHCTpYMeHTa.

B cBA3K C TeM, YTO NpK pe3aHMM Ha NMOBEPXHOCTAX /1€3BUA MHCTPYMEHTA B MnpoLiecce
MeXaH006pabOoTKM BO3HMKAKOT 3HAUUTE/NIbLHO 60Nee BbICOKME TemnepaTypbl, yeMm 100°C, He-
06X0MMO YUMUTbIBaTb OCOBEHHOCTU Tena006MeHa NPU U3MEHEHWUW arperaTtHoOro COCTOSHUA
XWNAKOCTU — KnneHun. B amana3oHe Temnepatyp Ao 120°C HabntogaeTcs Ny3blpbKOBbLIA pe-
UM KUNEHUS C MakCMMa/lbHO BO3MOXHbIM 06pa3oBaHMEM M OTPbIBOM My3bIpbKOB Mapa oT
HarpeToin NOBEPXHOCTW, 06ecneunBatoWmiAi HanbobLIMA APdeKT OT npumeHeHns COMXK, ¢
KO3(h(hMLMEHTOM Tenio0TAauu:

a, =170 —100)-%° . @)

K ny3

Mpy 6onee BbICOKONW TemnepaType My3biPbKOBbLIA PEXUM KUMEHUS MEPEXOAUT B Mie-
HOYHbIA. [N1eHKa napa yBeNNMYMBaeT TEPMUYECKOE CONPOTUBNEHNE, KOADMULMEHT TENOOT-
[aun CHKaeTCA:
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a, . =33300°(O; —100)"*. (8)

Mpn Temnepatype cabiwe 235°C KOIPPUUMEHT TennooTaaum NpakTUYECKN He n3-
MeHsIeTCst: oy = 3103,

[BVXeHne >XMAKOCTN N0 OTHOLUEHUKO K HarpeToMy WHCTPYMEHTY BHOCUT U3MeEHe-
HUA B NPOLECC KUMeHUs. [BUXKYLLAAcA XXUAKOCTb CpbIBaET MapoBble Ny3blPbKW C MOBEPXHO-
CTW Tena u ocnabnseT npoLecc Ny3bIpbKOBOr0 KUMEHNS, a Takxe paspyLuaeT napoByto MieH-
Ky. MpuBefieHHbIN KO3(MMULMEHT TENM0OTAAUN Cfp,, YUMUTHIBAIOLLMIA COBMECTHOE B/NSHYE
KMMEHWS N KOHBEKTUBHOIO Ternsioo6mMeHa (puc. 1), onpefensercsa crefytowmmM o6pasom: npu
o220 o, =a;Npn 0pa<a, <2a:

np ~
oy =4 + e )/ (B~ ar, )], )

rae ox W a - COOTBETCTBEHHO HE3aBMCMMO PacCUMTaHHbIE KO3M(ULIMEHTbI TENIOOTAAUM NPK
KUMEHNUW 1 NMPU KOHBEKTUBHOM TENI006MEHE.

FH &R
& ' Snp, 20,
MP’M;;:'C \ np o f ’/_/_/_/
4-10 / \ 2-10 @
Mp ///
310" 1510 e
- Snp 2
2-104 / \ 1.104 ﬂ'npgy”/
\ /
1 10° 0.5.10"
10 120 130 140 @ % 0 1 2 3 4 Sy
a) 6)

Puc. 1. 'padmKun 3aBUCUMOCTMN NPUBEAEHHOT0 KOIPMULIMEHTA TENN00TAAUN Onp
OT Temnepatypbl nosepxHocTn @ (npu @ <150°C) - a) 1 CKOPOCTU MOTOKA XXMUAKOCTH - 6):
Onp1 COOTBETCTBYET @ =170°C; omp2 - @ =220°C; omp3 - @ >235°C.

["pathnK 3aBMCUMOCTY NPUBEAEHHOTO KO3(ULMEHTA TEMI00TAAUN onp OT Temnepa-

Typbl NoBepxHoCcTU @ (puc. la) CBMAETENbCTBYET O TOM, YTO O B 06M1acTV Temmepatypbl
120°C nmeeT MeCTO CYLLLECTBEHHOE MOBbILLEHWE KO3(h(mUmMeHTa TennooThaum. Npu BbICOKMX
CKOpOCTAX ANA BCeX Temnepatyp o, <0,5a, B CBA3WN C 4YeM, KOIPMULMEHT TennooThaun
MPaKTUYECKM He 3aBUCUT OT TEMMNePaTypbl: o = a.

Mpw CTPYiNHO-HANOPHOW Nofaye BOAHbLIX pacTBOPOB, CYLLHOCTb KOTOPOr0 3aK/4aeTCs
B nogayve COXX TOHKOI CTpyeit ¢ gaBneHnem Ao 2 Mna B 30HY KOHTaKTa MHCTPYMEHTa € 06-
pabaTbiBaeMOiA AeTaNbio CO CTOPOHbI 3a[lHEN MOBEPXHOCTH, NS ONpeaeneHns KoapguumeHTa
TENM00TAauN UCNONL3YETCA KpUTEpMabHOE YpaBHeHWE B BUAE:

Ny =0021R&® PP4(Pg/ Pk P*° (10)

B aTOM cnyyae KO3ULMEHT TENI00TAAYN:
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=2,6003w%8/1°2 (11)

@ yanop

XapakTepHblii pasvep | Npu ycnoBrnm NpoaonbHOro 06TeKaHUs Tena XUAKOCTbIO Npu-

HUMaeTCs Kak pasMep Mo Hanpas/ieHnIo ee TeveHus | = H.
Ha pwvc.2 gns cpaBHeHMs NpeAcTaBfeHbl rpainkn 3aBMCUMOCTU KO3 (MLMEHTA TEMNJIO-

OTAa4M « OT CKOPOCTW OX/NaXJAtoLLei cpedbl W U AMHbI OMbIBaEMOM NoBepxXHOCTW | npw
CBO6GOAHOM NOMKMBE U CTPYIMHO-HaNopHOW nogade COX.

I
o s—
o —
i —
e

[
NORLIE EENg e N
1510 Eggﬂsﬂgiﬁ
. = [
SeERNaNEENAN
R
110 SR ETY
SRR
SRR A f ooz
S ggggssﬂa 0.04
5000 = : 0.06
0.0%
W, Atfe
" ; LAt

Punc.2. patmkm 3aBUCMMOCTM KO3th(hmLmeHTa TENOOTAAUN o OT CKOPOCTY OX/1aX-
AatoLLei cpefbl W 1 A/IMHbI OMbIBAEMOI MOBEPXHOCTY |
npu cB060AHOM MOKMBE - &) U CTPYIHO-HanopHoi nogade COX — 6)

Takum 06pa3om, B pe3ynbTaTe NPOBeAEHHbIX NCCNEA0BaHNIA YCTaHOB/EHbI 3aKOHOMEP-
HOCTWU U3MEHEHMS! N KONMYECTBEHHbIE 3HAUYEHNS KO3(ULMEHTOB TEMNIOOTAAYM MpY NOnBe
cB06GOHO MajaroLLeil CTPYei XXMAKOCTU 1 CTPYNHO-HanopHou nogade COXK, , no3sonswoLime
ANS 3afjaHHbIX NapameTpoB 00PabOTKM BbIGpaTh CMOCO6 NOAauM C HaMOO/MbLLUM 3HAYEHNEM

Ko3a(huLmMeHTa TeN100TAauN o

Cnucok nutepatypsbl: 1. CnpaBoYHMK Mo 06paboTke MeTannoB pesaHnem / ®.H. A6-

pamos, B.B. KosaneHko, B.E. /llo6umoB 1 gp. — K.: TexHuka, 1983. — 239c. 2. Pe3HMKOB
A.H., Pe3HnkoB J1.A. Tennosble NPOLECCbl B TEXHOMOTMYECKNX cuctemax. - M.: MallnHo-

cTpoeHune, 1990. - 288c.

OMNPEAENEHNE PALIMOHAJIbHbBIX PEXKMMOB PE3AHUIA MNPU
MHOIOMHCTPYMEHTAJ/IbHOW OBPABOTKE

KoBaneHko B.W., iémuH B.T'., Mepkynos M.B.
(kah. TM, JoHHTY, r. JoHeuK, YKpaunHa)

OfHVM U3 Hanbonee NPOU3BOAUTENbHBIX METO0B 06PabOTKU SBNSETC METOf MHO-

FOVHCTPYMEHTaNIbHbIX HanafoK, No3BOMSOLLIMIA 06pabaTbiBaTb HECKO/IbKO NMOBEPXHOCTEN 0f-
HOBPEMEHHO, YTO COKpaLLaeT BpeMs Ha Npou3BOACTBO AeTann. OCOBEHHOCTbIO YKa3aHHOro
MeToAa NPUMEHUTENIbHO K TOKapHO 06paboTke SBSeTCA He06X0AMMOCTb B NoA60pe 06LLeit
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AN15 BCell HaNaflkn 4acTOTbl BpalleHWs WnuHAens. Tak Kak pasnunyHble pesubl, YCTaHOB/EH-
Hble Ha CYNnopTe, MOryT ObITb M3rOTOB/NEHbI U3 PA3/IMYHLIX MATEPUAIOB, TO U CBONCTBEHHbIE
A1 HUX XapaKTepuCTUKN MHCTPYMEHTA/IbHOrO MaTepraa pesLoB, B YaCTHOCTU, MoKasaTe/u
CTENeHein | B aH/IMTUYECKON 3aBNUCUMOCTU «CKOPOCTb Pe3aHusi — CTOMKOCTb» TaKkkKe MOryT
ObITb Pa3/INyHbI.

[na nog6opa 06LLein Ans MHCTPYMEHTOB HaNafKn YacTOTbl BpaLeHMs LWNUHAENS MO-
ryT ObITb UCMO/b30BaHbI UMetOLMecH B nTepatype Tabnmubl. OfHaKO, 3TOT METOA OrpaHu-
YeH B MPYMEHeHUN, TaK KakK NPUrofeH TObKO ANA 3afaHHbIX B Tabnmuax UHTEPBasIoB 4acToT
BpaLLeHWs WNUHAENS U Hanboee YacTo NPUMEHSEMbIX 3HAYEHUI L.

Pa3paboTKa NporpaMmMHOro metoja rnogbopa obLLei Ansa Bceil HanafKn YacToTbl Bpa-
LWeHWS WNUHAENS, YTO NO3BONSET COKPaTUThL BpemMsl, HE0OX0AMMOe A8 pacyeTa 3/IEMEHTOB
TEXHOMOMMYeCcKoro npouecca. pu ero ncnosib3oBaHMM BO3MOXHO NMPUMEHEHWE UHCTPYMEH-
TOB C MPOU3BO/bHLIMW KOMOUHALMAMM BENIMUMH L U AN NHOObIX MHTEPBA/IOB 3HAYEHWIA Yac-
TOT BpaleHNsa WNNUHAeNA. STOT MEeTOA OCHOBAH Ha aHa/IMTUYeCKOM MoA60ope 4acToTbl Bpa-

k 1

LeHWs WNUHAeNs no gopmyne Z %H =1, rge K — KONMYECTBO FPynM MHCTPYMEHTOB C
i=1[ 1

pasINyHbIMK |; Ni - YacToTa BpaLleHns WNUHAENA NPpY AaHHOM L;; X — obLuas ans Hanaj-

KW YacToTa BpaLleHuns WNUHAEeNs.

[ns peanusauny ykasaHHOro MeToja paspaboraHa nporpamMmMa Ha s3bike nporpaMmu-
posaHus Turbo Pascal, paboTatoLias B MHTEPAKTUBHOM PeXUME; anropuTm 3TON NporpaMmbl
MPUBELEH HUKE.

Mocne BBOAA MCXOLHBIX AaHHbIX (KOMMYECTBa Py UHCTPYMEHTOB C Pa3inyHbIMA |
, 3HAYeHW | N YaCTOT BpalleHMst WNUHAENS NS KaX4Oro MHCTPYMEHTA ) MPOM3BOAMUTCS
CYMMMPOBaHWe YacToT N 415 UHCTPYMEHTOB C O4MHAKOBbIMU 3HaYeHUaMY U . [ocne aHam3a
BBEJEHHbIX YaCTOT BpaLleHUs LIMUHAENSA MPOU3BOANUTCA aBTOMATMYECKOe OnpesesieHne npe-
AeNbHbIX (MUHUMASTbHOMN Nppin ¥ MAaKCUMaTbHOM Nipay) YaCTOT.

3 BbIGpaHHOTO AMana3oHa 4acToT BpalleHWs WNMHAENS (0T Nmin 40 Nmax) MO BbiLLE-
NpUBeAEHHON (hopMysie OnpeaenstoT MakCUMasbHO NPUOAMKEHHbIE, (C 3a3A4aHHON norpeLw-
HOCTbIO pacyeTa) 3HauyeHWs O6LLen ANA HalafKW 4acTOTbl BpaleHMs LUMWUHAENS; OKOHYa-
Te/IlbHO NPUHMMAIOT 3HaYeHMe YacTOTbl, MOrPELLHOCTL OMNpeAeneHNs KOTOPO MUHUMa/bHA.

3anyck nporpaMMbl ocyLecTBnsieTca (aiinom andr.exe. MosiBNSETCA 3anpoc Ha BBOA
KONMYecTBa rpynn UHCTPYMEHTOB C Pas/IMYHbIMU [ . [N8 KaXA0M rpynnbl MHCTPYMEHTOB
Heo6X0AMMO BBECTM 3HAYeHMs |1 , KOMIMYECTBO Pe3LoB U PeKOMeHAyeMble N0 HOpMaTuBam
3HAYeHWA YacTOT BpaleHUs LWINUHAENSA 418 KaXKA0ro MHCTpyMeHTa. Mocne BBoda nocneaHe-
ro 3Ha4YeHMs 4acToTbl Nporpamma 06pabaTbiBaeT BBeAEHHbIE AaHHble; pe3ynbTaToM paboTbl
ABNAETCA efvHas A/ BCEX WHCTPYMEHTOB Ha/fafKu 06LLas 4YacToTa BpalleHMs LUNUHAOENS.
3aKpbITVe NporpamMmmMbl OCYLLECTB/ISETCA TaK XXe, KaK U 3aKpblTue ctaHAapTHOro okHa Win-
dows.

B kayecTBe AeMOHCTpaLmm paboTbl MporpaMmbl NPUBEAEH NPUMep pacyeTa MHOrOMH-
CTPYMEHTa/IbHON Hanafku ¢ MCMO/b30BaHMEM Tpex Fpynn UHCTPYMEHTOB, OT/IMYAOLMIACS
XapaKTepuCTUKaMMN MaTepuana pexyLLein yactu.

BBeauTe KONMYECTBO MIO

3

Beegute 1-e Mo

2

BBeauTe KONMYeCTBO MHCTPYMEHTOB C AaHHbIM MIO

112



NHXXEHEP, Ne 12, 2011 r.
MPOLECCbHI PESAHUA

2

BBefuMTe 4acTOTY BpalLeHWs WNUHAeNA 1-ro MHCTpyMeHTa

345

BBefuMTe 4acTOTY BpaLLeHWs WNUHAENA 2-T0 MHCTPYMEHTA

567

Beegute 2-e Mo

8

BBeaumTe KONMYECTBO NHCTPYMEHTOB C AaHHbIM MIO

2

BBefuMTe 4acTOTY BpalLeHWs WNUHAeNA 1-ro MHCTpyMeHTa

678

BBefuMTe 4acTOTY BpaLLeHWs LWNUHAENA 2-T0 MHCTPYMEHTa

32

Beegute 3-e Mo

6

BBeaunTe KONMYECTBO NHCTPYMEHTOB C AaHHbIM MIO

3

BBefuMTe 4acTOTY BpalLeHWs WNUHAeNA 1-ro MHCTpyMeHTa

355

BBefuMTe 4acTOTY BpaLLeHWs WNUHAENA 2-T0 MHCTPYMEHTA

65

Nmax= 678 06/M1H

Nmin= 32 06/MuH

1| n =643 npu norpeHocT Ymax =0.00436

2 | n =644 npu norpewwHoctn Ymax =0.00328

OKOHYaTeNnbHO NpUYHMMaeM 3HayeHWe YacToThbl LIMNMHAENA N = 644, KaK UMeroLLee
MEHbLUYH NMOrPeLIHOCTb BbIYUCIEHNS.

TEOPETUNHECKOE OBOCHOBAHVME HEOJHO3HAYHOCTU
CWJibl PESAHNA B KOJIEBATE/IbHOM ABV>XXEHW
MNP TOHEHNIA

MawmnHmH A.B., YepHbiwwes E.A. (kad. TM, JoHHTY, r. [loHeUK, YKpanHa)

Mpy 06paboTKe TOUEHMEM BO3HMKAIOT KOMebaHus, BNVSIOLLME HA NapaMeTpbl Kave-
CTBa M TOYHOCTb MOMyYaeMbIX Pa3mepoB. MaTemMaTuyecKoe onmcaHue 3TOro npolecca Aaet
BO3MOXXHOCTb MPOrHO3MPOBATh TaKMe PeXXMMbl Pe3aHusi, KOTOpble MO3BOMUAN 6bl U3GEXATb
He6M1aronpPUATHbIX AUHAMUYECKUX YCOBUIA NPU TOUEHNN.

Lienbto flaHHOM pabGoTbl SBNSETCS MOCTPOEHVE MaTeMaTUYecKoil Moaenn Koneba-
Te/bHOV CMCTEMbI NPU NPOAONLHOM TOUEHUM U BbISIB/IEHWE HA €€ OCHOBE IKCMEPUMEHTAIbHO
Ha6/01aeMOi PasHULbI CU Pe3aHns MPW BPe3aHUW 1 OTTaNIKMBaHWM MHCTPYMEHTa B Koneba-
TeNIbHOM [BVXKEHUM.

Mpeeld, NONOXEHHOW B OCHOBY MaTeMaTWuyeckoii MOAeNnu SBNseTcs creaytoLlee
NpeanonoXeHve: 13-3a KonebaTeslbHOro ABMXEHMS Pe3lia U 3aroTOBKU U3MEHSIKOTCS U MIHO-
BEHHbIE PEXVMbI pe3aHusi, YTo 06YC/IOBNMBAET NEPEMEHHOCTb CU/bI Pe3aHUs, KOTOPYH MOX-
HO BbIYMC/IUTb HA OCHOBAHWM 3MMUPUYECKOI 3aBUCUMOCTM, €C/IM BMECTO HOMUHA/IbHBIX pe-
KMMOB MOACTaBUTb MX MFHOBEHHbIE 3HAUYEHUS.
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Mpn NOCTPOEHWM MaTeMaTUyecKoin Mofenun Obiv MPUHATLI Crefyrowye fonyLe-
HUA:

- AMHaMUYecKas cucTemMa CoCTOUT U3 ABYX MPUBEAEHHbIX MAacc — pe3La v 3aroToBKMU;

- peseL, 1 3aroToBKa MUMeOT Mo 3 cTeneHy cBo60Abl (peseL, MOXET nepemeLLaTbCs
BAO/b OCENA X, Y U Z, 3aroTOBKa — NepemMeLLaTbes BAO/b OCel Y U Z U BPpaLLaTbCs BOKPYT CBOEWA
ocu);

- B CUCTEMe OTCYTCTBYIOT ClyyaliHble BO3MYLLEHNS.

Pe3eL, 1 3aroToBKa COBEpPLLIAIOT Masible KonebarteNibHble nepemeLteHmns (puc. 1).

Puc. 1. Obulas cxema KonebaTeslbHOW CUCTEMbI NMPY TOYEHWUU (CTeneHn cBO6OAbI, COOTBETCT-
BYHOLLME OCEBbIM KONIebaHMAM pe3sLa U KPYTU/IbHbIM KOnebaHWsAM 3aroTOBKM, He MoKa3aHbl)

STV nepemMeLLeHNs 1 UX CKOPOCTW ONpPeAenstoT MIHOBEHHbIE PEXMMbI pe3aHus, OT-
K/IOHAS UX 3HAYEHWNA OT HOMUHASIbHbIX (pUC. 2).

X i
45 )
L £
X -] N -
z 7 y S
s Y
t R
\\:\-3 Vs
\\y"';o'
6)

Puc. 2. CxeMbl Ans onpeaeneHns MrHOBEHHbIX 3HAYEHWI TNYOUHbI,
CKOPOCTK pe3aHus (a) n nogaun (6)

Vicxoas n3 nprBefeHHbIX Ha PUCYHKe 2 CXEM, obINn BblBEAEHbI 3aBUCMMOCTU MIHO-
BEHHbLIX PEXXNMOB pe3aHNA OT Ma/1bIX I'IepeMELLl,eHVIVI n nx CKOpOCTer/'IZ
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\ :(W+¢2)Q/(21_22)2+(R0 _to_Y1+Y2)2 L+,

2 2
tzRo_\/(zl_Zz) +(Ro_t0_y1+y2) ; S:SO+X1+(y1_y2)m:tg(0,
roe o,t,, S, - HOMUHaNbHbIE YrN0BasA CKOPOCTb BPALLEHWUS 3aroTOBKM, MMy6UHA pe3aHus 1

nogava; V,t, S - hakTMueckne 3HaYeHMsi CKOPOCTK, FNy6UHbI pe3aHnst 1 nogaum; R, - Ho-
MUHa/IbHbIA Pafnyc 3aroTOBKW, ¢ - TNaBHbIA Yron B nnaHe.

HaiineHHble 3aBUCMMOCTU GbINN NOACTABNEHbI B AMMMPUYECKME (HOPMY/bl Ans On-
PeAeneHns COCTaBMAOLMX CUN pe3aHus. Vcxoas 13 aToro, Gblia cocTaBneHa cucTema ypas-
HEHWIA, ONICbIBAIOLLMX KONEBaHMs NPy TOUEHNN:

Mz, +bz, +san(2,) 27 +¢.2, =P2(z,,2,, Vi, Yo, X0, 21, 2, 1,), E
mZZZ +b222 +Sgn(22)222 +CZZZ :_PZ(Zl’ZZ’ yl’ yZ’Xl’Z.l’ZZ’l/.IZ)’ |:

o N ST
m, +0y, +san (V) Vi +Cy, =—PY(2,2,, Vi, Yo, X0, 240 25,175, B

m2y2 +b2y2 +Sgn(YZ) y22 +C2y2 = Py(zl1 22’ yll y21X11 Z]_’ 22’1/72)1 |:
rnlxl+blxl+sgn(X1)X12 +C1X1 :_PX(ZMZZ’y11y21X1121122’l//2)1 [

JZI/./.Z +b2l/}2 +Sgn ((DZ)I/IZZ +C2‘//2 = M (211 ZZ! yli y2’ Xii 21, Zzil/}z)lE

roe m,b,C- npuBeaeHHas Macca, KOIPMULIMEHT AUCCUNALIMN U KOID(ULIMEHT XKECTKOCTY
pe3ua (1) n 3arotoBkn (2); Px,Py,Pz - oceBas, pagnanbHas 1 TaHreHUMaibHas COCTaB/sto-

e ycunusa pesaHus; M - KpyTsLIMiA MOMEHT, PaBHbIA Pa3HOCTU MOMEHTA, Pa3BUBAEMOrO
ABWraTeneM, 1 MOMeHTa CWUN pe3aHusi. B npaBoii YacTu B CKOGKax CTOAT AMHAMUYeCKUe ne-
PEMEHHbIE, OT KOTOPbIX, COMMTACHO BbIPAXEHUSAM /1 PAKTUYECKMX PEXMMOB, 3aBUCUT cuna
pe3aHus, NPUYeM , - Masible KPYTU/bHbIE KONebaHMs 3aroTOBKM.

B maTemaTnueckyto mogenb Obl1 BBEAEH KBaAPaTUUHbIA AUCCUNATUBHBIN YNeH ans
yyeTa SB/IeHNs YBENIMUYEHUS 3aTyXaHUs C YBENIMUYEHNEM CKOPOCTU ABMXXEHMS.

CucTtema ypaBHeHWI pellanach YMCIEHHO LleHTPMPOBaHHbLIM METOAOM Jitnepa C Lwa-
FOM WHTerpupoBaHna 107, MonyyeHHble pe3yNbTaTbl CPABHUBAINCH C OMbITHLIMU AaHHbIMY,
npueeieHHbIMK B paboTax A. L. KawwmpuHa [1] n W. C. Amocosa [2]. CornacHo pesy/nbtaram
3KCMEepPUMEHTOB, CW/a pe3aHns Npu OTTaNKMBaHWM peslia OT 3aroTOBKW 60/bLuUe, Yem Mpu
Bpe3aHuu. A 3Ha4uT, CUMa pesaHns He onpeaenseTca OAHO3HA4YHO OTHOCUTENbHBIM MOI0XKe-
HWeM pe3Lia 1 3aroTOBKW. JTOT XKe pe3y/ibTaT NoslyyeH HaMu TeopeTuyeckm (puc. 3).

OO6Hapy)XeHHas Hamy pasHuua CUl Npu Bpe3aHun U OTTa/IKUBAHUW WUHCTPYMEHTA B
KonebaTeslbHOM [BVKEHUW [aBHO M3BECTHA U3 OMbITHLIX faHHbIX [2]. A.M. COKONOBCKMM B
1940-x rr. 6blna caenaHa nonbITKa 00BACHUTL €8 Pas/INYHbIMK YC0BUAMMW pe3aHns npu Bpe-
3aHUM ¥ oTTankmeaHum [3]. OfHaKo, KaK MOXXHO 3aMeTWTb, B pa3paboTaHHOM maTeMaTnye-
CKOM MOfenn (hM3MYecKue YC/OBUSA pPe3aHust HUTAe He (PUrypupytoT, OHWU MPUCYTCTBYHOT
NLWb B BUAE SMNUPUYECKNX KOIPMULMEHTOB, ONMUCHIBAIOLLMX KOMMYECTBEHHYIO CTOPOHY —
BE/MUYNHY CUNbI pe3aHuns. Tem He MeHee yKaszaHHOe siBfieHe 06HapYXmBaeTcA. TO HaBOAUT
Ha MbIC/lb, YTO pPasHULLA CUN OOBACHSAETCS He (TONbKO) 0COGEHHOCTAMM NpoLecca pesaHus, a
CBOMCTBAMWN AMHAMWYECKON CUCTEMbI, HaNpPUMepP HEMHENHOCTbIO 3aTyXaHWs, Ha KOTOpPYHO
YKa3bIBaloT pas/inyHble aBTOPbl KaK Ha OCHOBHOM UCTOUYHUK NPOUCXOXAEHUA BUOpaLuii npw

115



NHXXEHEP, Ne 12, 2011 r.
MPOLECCbHI PESAHUA

pesaHun. ocnefgHee CBOWCTBO B pa3paboTaHHON MOAENM YYTEHO KBajpaTWU4HbIM guccuna-
1200 | | | . TUBHbIM YNIEHOM, MPW OTCYTCTBUM KOTOPOrO,
Py.H K CMOBY, YCTaHOBMBLUMIACA KONebaTeNbHbIl
PEXUM He yCcTaHaB/mMBaeTcs. Ha aTy ocobeH-
HOCTb MOZENNPOBaHMS KonebaHWin npu pe-
3aHUN yKa3blBaeT, B yacTHocTtu, W. . XKap-
- KoB [4]. Tlo npuuvMHe WCKNKOYMTENbHOW
C/TIOXXHOCTM paccMaTpuBaeMoro Bonpoca, He
MpPeTeHAys Ha OKOHYaTeNbHOE CYXXAEHUE,
OCTaB/IieM ero OTKPbITbIM.

CnefyeT OTMETWUTb XapaKTepHoe
7 CBOICTBO MUCCNeAyemMoin MHaMUYecKon cuc-
TeMbl. I3MeHeHVe Cu pe3aHns NPoMCXOAnUT

700 ! ! Mo 3aBUCUMOCTK, BIM3KOA K CUHYcOonAasib-

0.2 o 02 04 O 32_,»1 ., HOW. 3TO HaromuHaeT WCMonb3yemylo BO

Puc. 3. 3aBUCMMOCTb PaaMATbHOI CI/IJ'IbI, o  MHOTUX TEOPETUYECKNX pacyeTax NINHENHbIX

OTHOCUTENbHbIX PananbHbIx nepemette-  CYICTEM  CMHYCONAANBHYIO - BbIHYXTAIOLIYIO

HUIA PE3LA M 3arOTOBKM CUNy, ABNAIOLLYIOCA NPULYMHON BbIHYXK/EH-

HbIX KonebaHuiA. B gaHHOM e cnyyae npu-

pofa Nony4yeHHON cubl MPUHLMMMAIBLHO MHasA, NMOCKO/bKY YCTaHaBMBatoLWMecs KonebaHus

YA0BIETBOPAIOT KPUTEPUAM aBTOKONebaHWid. KnoueBoil 0CO6EHHOCTLIO CUMbI pe3aHmns ABNSA-

eTCA TO, YTO 3aBMCMMOCTb €€ M3MEHEHWNS BO BPEMEHW 3aBeJOMO HeW3BeCTHa. B paccMOTpeH-

HOM Cny4ae, NPy YCTaHOB/IEHNW OAHOYACTOTHOIO KOMlebaTeIbHOro pexkrma, N3MeHeHne CUsbl

pe3aHns OKasanocb 6/IM3KMM K CUHYCOMAabHOM 3aBUCMMOCTU. OfHaKO AMHaMUYecKas cuc-

TemMa npu 3TOM SABASETCH NPUHLMNWNANIBHO HEIMHENHON 1 aBTOHOMHOM, T.€. He 3aBUCALLEl

SIBHO OT BPEMEHU, MO3TOMY aMMINTYAa U 4acToTa M3MEHEHUS CUMbl ONPeAeNsoTCa BHYTPeH-

HUMW CBOCTBaMM CUCTEMbI B pe3y/ibTaTe PeLeHNs YpaBHEHNIA AHAMUKN. B KauecTBe Takmx

onpesenstoLwmMx CBOWCTB Mbl CUMTAEM 3aBUCUMOCTU MIHOBEHHBIX PEXUMOB pe3aHus OT KO-
nebaTenbHbIX MNEPEMELLEHWNIA U UX CKOPOCTENA.

3 BbILLEN3M0XKEHHOrO MOXHO cfefiaTb BbIBOJ: NMOCKO/bKY, COracHO pacyeTam, pa-
AvaibHas cunia nNpu BpesaHumn 60/bLue, YeM NPW OTTa/IKUBaHWUW, T.e. He OMpeaenseTcs 04HO-
3HAYHO OTHOCUTE/IbHBIMY pajuabHbIMK NepeMeLLeHnaMM pesua 1 3aroToBKK, To paspabo-
TaHHas MaTeMaTuyeckast Mofeslb He NPOTUBOPEUNT pesysibTaTtam 3KCNepUMEHTOB.

1100 -

OTTanknusaHue

1000

900

BpesaHwe
800 -

Cnucok nutepatypsbl: 1. KawupuH A. . VccnegosaHve Bubpauumii npu pesaHuy metanna /
A. V. KawwnpuH. - M.-J1.: N3a-80 AH CCCP, 1944. — 133 c. 2. Amocos W. C. Ocuunnorpa-
(hnuyeckoe nccnefoBaHne Bubpaumii npu pesaHun metannos / N.C. Amocos. — M.: Mawwurus,
1951. — C. 414 - 485. 3. CokonoBckuin A. . Hay4Hble OCHOBbI TEXHOMOMMM MaLLMHOCTPOE-
Husa / A. T1. CokonoBckuit. - M.: Mawrus, 1955. - 516 c. 4. XXapkos . I". Bubpauum npun 06-
paboTKe Ne3BUIiHbIM MHCTPYMeHTOM / . . XKapkoB. — J1.: MawunHocTpoeHune, 1986. — 184 c.
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NPUBNVOKEHHOE ONMPEAENTEHVE CUJT1 PESAHUNA MNPV AJIMA3HOM
WANPOBAHNN TUTAHOBOI'O CINJ1IABA BT14

MonTtaBel B.B., AHgpeeBa C.A. (kath. MCTaHkun, JoHHTY, r. loHeuK, YKpavHa)

Mpy onpegeneHnn cunbl NOLKMMa 06pabaTbiBaeMO 3aroToBKU K LUNGOBaSIbHOMY
Kpyry npv 06paboTke Mo ynpyroin cxeme HeO6X0AMMO BbIMONHUTL YC0BWE, YTOObI pagnanb-
Has CoCTaBNALLaA CUbl pe3aHns (KoTopas YpaBHOBELLNBAETCA CUMON MOLKMMA) He NPeBbl-
cuna npegenibHoOro (MMMUTUPYIOLLEr0) 3HAaYeHUs, KOTOpoe 00YCM0B/IEHO BMAOM 06paboTKy,
napameTpaMun pexxmma pesaHus, PU3NKo-MexaHUYeCKUMU U TePMOLUHAMUYECKUMUN CBOMUCT-
BaMn 06pabaTbiBaeMOro Matepuasna. PacyeT Takoro npefesibHoro 3HavyeHus npu o6paboTke
TUTAHOBbIX Cr/1aBOB MPeLCTaB/feT OnpeseSieHHble TPYAHOCTU, TaK Kak MOAenMpoBaHue cu-
NOBbIX (PAKTOPOB NpoLecca LWANMoBaHWS Yallle BCero NpoBOAWMIOCH A1 cllydas 06paboTKu
craneit [1]. CocTaBnstoLLme CUbl pe3aHna Ha Kpyre npu WaMgoBaHUM UCXOAA U3 M/10CKOWA
MOZENN CTPY>KKO06pa3oBaHUs onpeaenstoTcs no gopmynam [1]

DEL/l +M?Z2a,(r)cos

U
KM, ()2, (0()C

g sin g
PzK = , (1)
H
T
a T
Q1+ M?a, () cos o

_ O _40alB0V,VHe,
P = E sin + KsMﬂIs(T)EZp(T)b(T)E: ZVHS\/; P, E @)

roe M =1+ 2(z /4 — f)— KoahpmumeHT, onpeaensieMblil COOTHOLLEHMEM HOPMaJTbHbIX U Ka-
caTe/lbHbIX HanpsXXeHWu o/ z;
a,(7) — MakcuMaibHas TO/ILLMHA Cpe3a, MM;
[, @— COOTBETCTBEHHO Yro/ cAgura n yron Aencraus;
K3 — KO3(h(hULMEHT, YUNTLIBAIOLLMIA 3aKOH pacnpefeNieHNs HOPMa/lbHbIX HarpsXKeHWn Ha
MOBEPXHOCTU KOHTaKTa 3epHa C AeTaslblo;
1 — KOID(MLMEHT TPEHUSA 3aHEN MOBEPXHOCTY 3epHa O MOBEPXHOCTL Pe3aHus;
I;(7) — BENMUYMHA NNOLLAAKM KOHTAKTa 3epHa, MM;
Zp(7) — KONIMYECTBO OJHOBPEMEHHO KOHTaKTUPYIOLLMX C ieTaNbio 38PeH;
b(7) — WMpUHa eAMHNYHOIO cpe3a, MM;
a, A — COOTBETCTBEHHO KO3MULMEHT TeMMepaTyponpoBOAHOCTM, M2/C, U TeNNONpoBoA-
HocTu, BT/(mM-K), o6pabaTbiBaeMoro marepuana;
H — 6e3pa3mepHas nonyLwmnpuHa NCTOYHKKA Tensa,;
o — KO3 (hULMEHT BBOAA, YUUTLIBAIOLLMIA KOMIMYECTBO TeNa, MOCTynatoLLee B AeTab;
S — NNoLLaAb 30HbI KOHTAKTa AT CO LANGOBAbHBIM KPYTrOM, MM?;
C, a — Hava/nbHas opaMHata 1 Ko3h(MUNEHT B NINHENHOM 3aBUCUMOCTI, OTPaXKatoLLel
B/IUAHME TeMMNepaTypHO-CKOPOCTHBIX (DaKTOPOB B YCMOBUAX LLIUMOBAHWUSA Ha BENNYUHY
KacaTe/lbHbIX HanpsXKeHWiA; 3aBUCUMOCTb UMeeT Bug z = C — aT.
PesynbTatbl npumeHeHus dopmyn (1), (2) B 3HaUMTENbHON CTEMeHU 06YCNOBMEHbI
pasmepamy eJUHNYHbIX CPE30B — AJIMHOW, PAKTNYECKON TONLMHON 1 LUMPUHON cpe3a [2].
[nnHa cermeHTO06pasHbIX CPe30B paccunTbiBaeTcs no gopmyne L = R ¢o, a AmMHa

3anaToobpasHbIX — Mo gopmyne: L =R, %o :
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rae Rq — paguyc WwangosasbHOMo Kpyra; ¢p — Yros KOHTaKTa 3epHa C 3aroToBKOIA.
MakcrManbHas LMpUHa CerMmeHT006pasHbIX CPe30B paBHa (PaKTUYECKON rnybuHe pe-
3aHWA. B pesynbTate OTCYTCTBUSA HEMPEPbIBHOW pPexyLlell KpOMKN Ha paboyeli MOBEPXHOCTH
Kpyra BAvsiHWE MoJayn Ha Bpe3aHue t Ha (aKTUYEeCKyHo ry6uHY pe3aHus 3aBUCUT OT COOT-
HOLUEHUA MOLaYn U MakKCUMa/bHON BbICOTbI HEPOBHOCTEA NPOMU/IA NOBEPXHOCTU pe3aHus

Rmax-

t — Dl an t > Rmax; (3)
qj %max +t’ an tS Rmax1

MocKoNbKy yAaneHne matepuana 3aniToobpasHbIMU Cpe3amy OCYLLECTB/IAETCA TaKKe
B YCNOBWSAX OTCYTCTBUA CMNJIOLLHON PeXYLLEN KPOMKW, TO, NO aHasiornu ¢ riny6rHOM pesaHuns,
MaKCUMaslbHY0 TOJLLMHY cpe3a Heo6XOAMMO OLeHMBaTb MaKCUMasibHOW (haKTUYeCKOM ero
TONLWMHOWA C YYETOM COOTHOLLIEHWSA BEIMYMH 8z max U Rmax-

[ns pacyeTta BbICOTblI HEPOBHOCTEN MOBEPXHOCTW pe3aHus Gblna paspaboTaHa MeTo-
AVKa, KOTopas No3BO/MMIA YCTaHOBUTb, YTO Rpyax MPEBLILLIAET MaKCUa/IbHYHO TOJLLMHY Cpe3a
a; max- 10rJa TO/MWMHA eJUHNYHOTO 3anATO06Pa3HOro cpesa OLeHWBAETCS (haKTUYECKON TON-
LuHOM cpe3a [2]:

azmaxq) — 5azmaxv npu A, max > Rmax; (4)
82 max + Rmax* npu Az max = Rmax‘

MonyyeHHble B paboTe [2] opmynbl 418 pacyeTa MaKCMMa/IbHOM TONLWMHbI 3ansTo-
06pa3HOro cpesa UMEKT CNeLYHOLLNIA BUA:
— NPV BHYTPEHHEM 1 KPYT/I0M HapY)>XHOM LUIMGOBaHNM
60V,R,7 [
roe R, — paguyc getanu, Mm; H = R, (+) — R (=) + tg; 3HaKM B CKOBKax OTHOCATCA K Kpyrio-
MY Hapy>XHOMY LU/IM(OBaHWIO;
— MpY NJIOCKOM LUNNQOBaHUN

| VI, R, |2t
a,. =R — |OA®OLR2_p AG K [T0 6
Zmax K % K 60VK RK ()

B dopmynax (6), (7) lp — thakTnyeckoe paccTosiHMe MeXAy ABYMSA NOCNefoBaTe/bHo
KOHTaKTUPYOLWUMKM 3epHaMU.

LLInprHa cpe3oB npu OTCYTCTBMM X MEPEKPBLITUS B NOMEPEYHOM Hanpas/ieHun yHK-
LIMOHA/IbHO 3aBUCUT OT TONLWMHBI Cpe3a U onpegenseTcs no opmMe pexxylero Boictyna. Ecnm
BbICTYN MMeeT (JopMy KOHYyca C 3aKpYr/leHHOM BepLUMHOR, TO nonepeyHas opma cpesa Oy-
[eT COCTaBNATbCA U3 CErMeHTOMOAOOHbIX U TpaneuenjaibHbIX Yy4acTKOB, a LUMPUHA cpesa
MOXET ObITb paccunTaHa rno gopmyne E.M.Macnosa:

b, = 2(«/2,061 -a? +(a’,-a, tgs,, ) 7)
rae b’, — wmpuHa npouna Ans Nporu3Bo/bHON TOUKU M NOMNEPeYHOro CeveHus;
£ — Pagnyc OKpYrieHNs BepLUMHbI 3epHa;
&n — Yron NPonns 3epHa;
a,, a’, — rNyouHbI CEYEHNSs, KOTOPbIE COOTBETCTBYET CErMEHTO06Pa3HOMY y4acTKy npo-
(1N PeXXKyLLEero BbICTyna U paCCMOTPEHHOM TOUKe.
Mpw CyLLECTBOBaHMM NOMEPEYHOro NepekpbITUS PopMa NONepeyHOro CEYEHNS MOXET
paccMaTpuBatbCs B BUAE MPAMOYrO/bHUKA pasMepamut Sy X @; max . B 3TOM cnydae LWmnprHa
cpesa Sy paccumMTbiBaeTCs No hopmyrne:

g
8;max = Ry _\/RE +H? _ZRAH COSQI’CCOS
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__ Sa
" I(pOKF(t(p)KK ,
rfe Ss; — paccTosiHMe MeXAy LieHTpaMu 38peH Ha paboyeil NOBEPXHOCTM Kpyra;
I ok — (PAKTUYECKOE OKPYXKHOE pacCcTosHMe Mexay 3épHamu; F(ty) — 3HayYeHve PyHKLWK
pacripegeneHuns 3épeH no BbicoTe; Ky — KO3((ULIMEHT KOHTAKTUPOBAHNS.

Kak BugHo un3 dopmyn (4)-(8), pasamepbl e4UHNYHOIO cpesa 3aBUCAT OT MakCuMMaslb-
HOW BbICOTbl HEPOBHOCTEW MOBEPXHOCTM pe3aHus. BbicoTa HepOBHOCTel (LLepPOXOBATOCTb)
06paboTaHHON MOBEPXHOCTM NpW 06pabOTKe TUTAHOBLIX CM1aBOB 3HAYMTE/IbHO OT/IMYAETCA
OT TOM XXe BeNNUYMHbI Npy 06paboTKe cTaneid. ns NpUOAVXKEHHOTO OMNpejeneHns cun pesa-
HWS NPY LWANGOBAHWMMN C NPUMEHEHUEM CYLLLECTBYHOLLMX MaTeMaTUYECKMX MOAENEen BOCMNO/b-
3yemcs 3KCMepuMeHTa/IbHbIMK AaHHbIMK B.T. Llokypa 0 KayecTBe 06paboTaHHON NOBEPXHO-
CTV 06pa3L0B 13 TUTAHOBOTO crnaBa BT14 nocne pa3nnyHbIX BUAOB WndosaHus [3].

Kak ykasbiBaeT B.I1. LloKyp, 419 YCTaHOBMBLUErOCA pefibedpa a/iMasHbIX LWANgoBaib-
HbIX KPYroB CpefHee apuMeTMYeCKOe OTK/IOHEHWE npoduna o6pa3Los 13 crnnasos BT14 no
CpaBHeHMIO ¢ obpasuamn 13 ctannm P6M5®P3 yBennmumMBaeTcsa 3a CHET UCKXKEHW, BbI3BaHHbIX
nnactTuyecknumu geopmaumamu, B 1,4-1,5 pasa.

MpuHAB AonylleHre, YTO COOTHOLUEHME MeXAy MaKCUMasibHbIMU BblCOTaMU HepoB-
HOCTel NPoPUNA Rpax WAEHTUYHO COOTHOLLEHWIO MEXAY CPefHWMMU 3HaYEHUSAMU HEPOBHO-
CTeil R, NpoBepUM, KakK OTpasuTCA yKasaHHas pasHMLA Ha 3HAYeHUAX COCTaBNAIOLLUX CUI pe-
3aHusa. [ns 3TOro BbINOMAHMM pacyeTbl no opmynam (1)-(2) ana GbICTPOPEXYLLERA CTanu
P6M5®3 n TtTaHoBoro cnnasa BT14.

Pe3ynibTaTbl pacyeToB NpuBeLeHbI B Tabmue 1.

(8)

Tabnuuya 1. Cunbl pesaHns Ha aiMasHOM LWMdoBasibHOM Kpyre 1A1 250x76x15x5 AC6-
100/80-4-M2-01 npu o6paboTke ObICTpopexyllen ctanm P6M5®3 1 TUTaHOBOro cnnasa
BT14, paccumTaHHble C MOMOLLbIO MaTEMATMYECKO MOAENN npouecca 06paboTKm

o TaHreHymanbHas co- PagnanbHas co-
O6pabaTbiBaeMbIi
CTaBnAoLLaa CUbl CTaBnAoLLaa Cubl
marepuan
pesaHua Py, H pe3aHus Py, H
BbicTpopexyLlaa ctanb P6M5®3 11,4 24,2
TuTaHoBbINM cnnas BT14 15,0 29,1
OTHOCUTENbHAasA Pa3HOCTb 3HauYeHui cunn, % 32 20

Kak BUAHO 13 Tabn. 1, 3Ha4eHWUs CUN pe3aHus, noslyyeHHbIe MPY OAMHAKOBBIX PEXU-
Max W ycrnoBusix 06paboTKu, Ana GbicTpopexyulen ctanm P6M5®P3 1 TMTaHOBOro Cnsjasa
BT14 pasnunuatotcs B 1,2-1,3 pasa. COOTBETCTBEHHO, U CUY NOMpKMMa 06pabaTbiBaeMol 3a-
FOTOBKM K LUM(hOB/IbHOMY KpPYry npu 06paboTke no ynpyrow cxeme Ass TUTAHOBOIO CnJa-
Ba BT14 Heo6xoaumo yeBennumnTs Ha 20 %.

Cnucok nutepatypbl: 1. Marttoxa I.I". BUCOKONPOAYKTVBHe LWidyBaHHSA BaHafie-
BUX LUTAMMOBMX Ta IHCTPyMeHTaNbHUX cTaneil. — [oHeubk: ABH3 «JoHHTY», 2008. —
222 c. 2. MaTtoxa IN.I"., MonTtaBeup B.B. AnmasHe wnigyBaHHA 3 €N1eKTPOEPO3iiHNMK Kepy-
toUMMK AiMU Ha pobo4dy NoBepxHI0 Kpyra. — [oHeubk: JOHHTY, 2006. — 164 c. 3. Llokyp
B.MN. ToBbIleHe MPOM3BOAMTENBHOCTU U KayecTBa 06paboTKuM TpyaHOO6pabaTbiBaeMbIX
MaTepuanoB Npv aIMa3HOM LLNIMOBAHUN C 3/1EKTPO3PO3MOHHLIM BO3LENCTBMEM Ha paboyyto
NoBepxHOCTb Kpyra: [inc.... KaHa. TexH. HayK: 05.03.01. — JoHeuk, 1995. — 257 c.
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AOCNO>KEHHA TEMJIOBOIO CTAHY IHCTPYMEHTY
ma4yAC ®PE3EPYBAHHA

Monsakosa K.B., IBYeHKo T.I". (kach. TM, JoHI ' TY, M. [JOHeLbK, YKpaiHa)

Ha npaubo3gaTHiCTb pisaibHOro IHCTPYMEHTY Ta AKiCTb 06p06/1eHOT NOBEPXHI AeTanein
MalLWH CYTTEBO BM/AMBAE TEMNIOBWIA CTaH feTasi Ta iHCTPYMEHTY, Y 3B'3KY 3 UMM 3pOCTaE i
aKTya/ibHICTb 3afa4 No oro A0oC/iIpKEHH!IO.

B HacTynHwuiA Yac focuTb A06pe po3pobneHi MeToaANn AOCNIAXKeHb TENOBOrO CTaHy iH-
CTPYMEHTY i feTasi B yMOBax CTaioro TensoobmiHy [1]. Bigomi gocnifxeHHs 3araibHOTEO-
PETUYHMX 3aKOHOMIPHOCTI OnNucy Tennogi3nYHNX SBULLL NPU HECTasloMy TensiooomiHi [2], B
TOMY CKnagi ana pesepyBaHHs [3], He BPaxoBYOTb 0CO6/IMBOCTEN (HOPMYBaHHS TEMIOBMX
MOTOKIB Ta CTaHy feTai i BUMaratoTb NofasibLLIOro PO3BUTKY.

MeToto npefcTaBneHol pob0TN € po3pobKa METOAMKI pO3paxyHKy TeMnepaTtyp B AeTa-
Ni Ta IHCTPYMEHTI Nif Yac hpe3epyBaHHS.

[Mig vac cxemartm3auii KOMMOHEHTIB TEXHOMOrIYHOI CUCTEMUN [eTalb PO3rNAAAETLCA AK
HaniBCKiHYeHW NPOCTip, N1e30 IHCTPYMEHTY PO3rNAAAETLCA Y BUMNALI HEOOMEXEHOr0 K/MHa
3 KYTOM 3arocTpeHHs £. [kepeno TenaoTu, WO BUHWUKAE Ha NepesHiin NoBepxHi nesa iHCTpY-
MEeHTa, NPeACTaBAETLCA ABOBUMIPHUM MPAMOKYTHUM 3 po3mipamu bxl (b Ta | - wupnHa Ta-

[OBXWHA KOHTAKTHOT MNOLLaAKM CTPYXXKM 3 NepeSHbO MOBEPXHELO /1e3a).
TemnepatypHe none, L0 BUHUKAE B /131 PIXKYYOro iHCTPYMEHTY Nif Aiet0 ABOBUMIPHO-
ro NPSAMOKYTHOIO [Kepena Npu HeCTa/loMy TeN0006MiHi, ONMUCYETLCSA HACTYMHUM YMHOM [1]:

, —erfD(x—xM)2+y2+(z—zM)2/\/4a)r
o (x, y,z,r)zy}dxm Ofb @ @/ %dzm . Q)
R N R )

ae Kz - KoeilieHT nepexoAay Bifi HEOOMEXEHOro NPOCTopy A0 HeobMexXeHoro KimHa: Kz = 4
ana f=90° Kg=6 gna f=60° q - WiNbHICTb PO3MNOAINY TENJIOBOro NOToKYy; A — KoeiLlieHT
TennonposifgHocTi; R - BigcTaHb Bif Oyab AKOI Toukn Tina M(X, y, z) Ao Micus crnanaxy mxe-

pena J(, Vi 22): R=(x =%, +(y =y, )’ +(z-2,)°.

Po3paxyHKK cepefHbOT TeMMnepaTypu fiesa LOCUTb CKNafHi, TOMY /18 MNO4A/bLUIOTO aHa-
Ni3y TeNN0BOro CTaHy iHCTPYMEHTY Ik OCHOBHMI MOro NOKas3HWK NPUIAMaETLCA TeMmneparypa
XapaKTepHOi TOUKK ne3a — ioro BepwnHmn (npu Y =0, { =0, n = 0), AKa npeacTaBneHa B 6e3-

PO3MipHOMY BUTNISAAI:
1 a (1—erf w/«,//L12+4“L‘,‘/21/F0D
T(Fo)_J'd!//u I D) > dé/u (2)
0 @ ‘\/Wu +é/u

e Y =x/, YPy=x1, {=12/, {,=1z/l, n=yll-6e3po3mipHi koopguHatu; a = 0,5b/I - 6e3-
PO3MipHa LUMPVHA nepepisy; Fo= w7 /I* - 6e3po3mipHuii KpuTepiii uacy, abo KpuTepiii Dyp'e.
Takunin onuc 3akKoHy po3noginy Temnepatyp y 6e3po3MipHOMY BUINsAAI 4O3BONSE BCTa-
HOBUTW 3arasibHi 3aKOHOMIPHOCTI 3MiHV TeMnepaTypu, AKi 419 KOXHOro KOHKPeTHOro Bapia-
HTa 06PO6KM KOPEKTYIOTLCA PO3MIPHUM KoeddillieHTom P = K ql/4z A, a TemnepaTypHe no-

ne @(x, y,z,r): PT(v,n,¢, Fy).
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Mpouec (pe3epyBaHHA XapaKTePU3YETLCA HAABHICTIO PO6OUMX XOLiB TPUBAMICTIO tp,
AKI YepryroTbes 3 X0N0CTUMM Xo4amm TpUBanicTio t,. B nepiog pobouoro xoay Bifi0yBaeThCA
HarpiB iIHCTPYMEHTY, KW OMUCYETLCSH HABEAEHUMI paHiLle aHaIITUYHUMK 3aNeXHOCTAMU. B
rnepiog, X0M0CTOro Xo4y Y BiACYTHOCTI HarpiBy Bifl0YBaETbCA OXOMOLXKEHHSA PIXKYUMX KPOMOK
3a paxyHOK BifBefeHHS Tensa i3 30HW pi3aHHA yrnnb nesa. MNpouec 0XONOMKEHHS B LLbOMY
BUMAAKY OMUCYETLCA HACTYMHUM YMHOM [1]:

O, (F,) = ©(w)exp[-0.04F,]; T, =T (eo)exp[-0.04F, ], ©)

fe &), T(co)—abcontoTHa Ta 6e3p0o3MipHa TemnepaTypu Npu cTasiomy Tensio06MiHi.
LIMKNivyHWIA npouec 3MiHM TemnepaTypu BepPLUMHN Ne3a iHCTPYMEHTY Mpu YprBYacToMy
pi3aHHi, NpeACTaBNeHWI Ha pUC. 2, Mae aHaliTUYHKIA ONKC:

T,(0)

) i (7), A0 (tp +t, (i “1)<r < t,i.

L L Heerf B2+l 2o, - (t, +044))
Tm(r)=£dwu1@ i+ 2 &

“a Wi 60 "

Toi (7) =T, (t, + Dty )exp|-0.04w, (7 -1, )|; At =0,

(4)

ne a = ol ty - TPUBANICTb LUMKNY: t, = to+ ty ; Az - Nepiog yacy, WO KOPeKTYe novaTok
BigNiKy Temnepatypu Harpiy Tug+1)(tp+tyi+A75) B KOXKHOMY HAcCTyMmHOMY LWKAi 3 061iKOM
OXO/I0[PKEHHA B nepeaytoHomy To; (tyl): A48 KOXHOro UMKNY Az = X; PO3paxoByeTbCs ymce-

NbHUMU MeTOAaMU AK KOPiHb PIBHAHHSA:
1 " @—erf%/y/j+glj’/2\/a)o(tp+xi) %
é/u :THi (tp 1

d
[l VWi + 8y

>3}f/x( p——— papikn Ha puc. 1 nobyaosaHi Ans 06-
7

pobKy hpesammn 3 TBEPAOCMIAaBHUMM NMacTy-

N 9( THCPT‘EI HamMu T15K6 (KoedillieHT TemnepaTyponpo-
2 : SWL~)<% BigHOCTi @ = 0,100-10* m%c) B ymoBaXx, L0
25 > wf 3a6e3neyytoTb PO3MIpPU KOHTAKTHOI niowaj-
14 \E\ 81 T N CTPYXXKU 3 MepeHbOI0 NMOBEpXHEro /esa |
ALl g, ! . \“\ = 1mm, b = 2mMm, TpuBanictb poboyoro xoay
; 2 : t, = 0,2c, xonocToro t; = 0,4c.
£l £ LB tx pr:: b . Y nepwioMy UMKAi ty B MOYATKOBWIA MO-
13 MEHT 4acy CMnoCTepiraeTbCs pi3ke 3pOCTaHHS
' » fys fu TemnepaTypu MNpPOTATOM NepLUOro poﬁoqor_o
" e xoay t, 40 ToukmM 2 (Tyy (tp) = 2,75) Ha KpmBIlA

i Harpiy Ty, a MOTIM NPOTArOM XOMOCTOFO XO-
0 0.5 1 1.5 T.c i

_ _ = ny t, BiAGYBAETLCA OXONMOMKEHHS [0 TOUKM 4

Puc 1. Tpacpiku 3miHn 6e3pOSMIPHOT TEM- (T, (t,) = 2,34) Ha KpUBiil OXONOMKEHHS To.

nepaTypu BepLUMHIA Nesa (hpesn Po3paxoBaHe 3HauyeHHs Az = 0,08. Y HacTy-
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MHOMY LMK ty, Harpis B nepiof po6o4oro xogy t, MOXOAMUTH Bifi TOUKU 4 [0 TOUKM 6 (To(ty+
t,) = 2,86) no KpuBiii, BIi4NOBIAHIN AinAHLi 1-3 KpWBOT HarpiBy Ty, NOTIM 3HOB Bif0YBaETHCH
OXONOMKeHHA 0 Touku 8 (To2(2t,) = 2,44). Po3paxoBaHe 3Ha4eHH Az = 0,617. HacTynHuii
LMKN ty3 NMOYMHAETLCA B TOYL 8, HAarpis MpPoTArom po6o4oro Xoay t, BiAbyBaeTbCA No Kpu-
Bin 8-9 (Tua(tp+ 2ty) = 2,88), BiAMOBIAHIN AINAHL 5-7, OXONOMKEHHA 3aKiHUYYETLCA B KpanLi
10 (To3(3ty) = 2,45), noTim npoLiec 3HOB NOBTOPIOETLCA. Po3paxoBaHe 3HaYeHHA A73; = 1,203
CBIfUMTL NPO Te, Wo 3 norpiwHictio 0,3% npouec cTabini3yeTbCs - Harpis i 0XONOMAXKEHHS
BPIBHOB&XXYHOTbCS, | MOXE BBXATUCHA CTa/IUM.
e CepefHili piBeHb TemnepaTypu, LOCATHYTOI Npu
T CTaIOMY YPWUBYACTOMY pi3aHHi Tiep HUXKYe, HDX npu
/ 6e3nepepBHOMY T(o0), LLO MOXe OYTW MOPIBHAHO 3a
0.3 [0rMOMOro HaCTynHoro KoewiLieHTa:
Kt =Tiep /T () -
07 "pahiky 3a1eXKHOCTI KOB(ILIEHTIB 3HMXXEHHS pi-
' / BHA TemrnepaTyp Mpu ypuBYaCTOMY pi3aHHi B MopiB-
HAHHI 3 6e3nepepsHUM Ky Bif CMiBBIgHOLLIEHb POBOUNX
06 I XO/IOCTMX XOfiB HaBefAeHi Ha puc. 2 (TpUBaNiCTb LMK-
L 033 067 g, Ny MocTiiiHa t, = const, 3mMiHa TpuUBanocTi Po6oUOro
PUC. 2. Tpachiku KoediLlieHTiB xo,u,yv XapakTepusyeToca KoeiuieHToM K, = ty/ty).
SHIKEHHS iBHA Temnepatyp mig | IPYMHATO, Wo T(e)=T(100) =3,5.
4ac ypvBYaCTOro pi3aHHs B MopiB- [Kepeno TensoTn Ha NOBEPXHi AeTani nNpescras-
HAHHI 3 6e3nepepBHUM NAETHCA CMYrOBMM  LUBUAKOPYXOMUM 3 PO3MipoM L,

SKWIA BU3HAYa€ETbCA [OBXWHOK KOHTaKTa ,quani 3 Jie-

30M IHCTPYMEHTY B MeXax 3HOCY Mo 1oro 3afHiin nosepxHi h (L = h).
TemnepaTypHe none B getani 415 LIBMAKOPYXOMOrO CMYroBOro [Xepena OnmMcyeTbCs

aHa/liTMYHUM BUpasom [1]:

A f 2
okx.y)=P, IMGXD a GV—E (5)
0 AV Y, 4 vy,
N ne P, :ql/ﬂm\/ﬂP - PO3MIpHWIA KOEMIL|iEHT; fl(l//u)=1 :
/ f(y/u):exp[— Ko (1,//u )2] - piBHOMipHa Ta HOpMa/lbHa Hecu-
075 7 MeTpUYHa PYHKLIT po3noainy WifbHOCTI TEMNJ0BUX MOTOKIB;
\i—j Pe = Vl/w, - KpuTepiit MNekne.
05 e Po3nogin 6e3po3MipHMX TemnepaTtyp Ha NOBEpXHi fJe-
// Tajli 4ns piBHOMIPHOro (Kpuea 1) Ta HopMasibHOro (KpmBa 2)
025 e, . 3aKOHIB po3noginy WifbHOCTI TennoBux noTokis T(yw) (Koop-
5 AnHata v=0). MakcmmasibHe 3Ha4yeHHs 6e3p03MIPHUX Timax |
0 Tomax Ta PO3MIPHOT TEMMePaTyp Ghax 3 YpaxyBaHHAM TX KOOp-
0 03 1 L3 = auHart 3rigHo 3 puc. 3:
PMC_' 3. Posnogin Tomax(0.5,0) = 0.5; T1max(1,0) = 1; Gmax = Po Tmax.
6e3po3MipHIX TemnepaTyp Po3po6/ieHa MeTOAMKa [103BOJISIE PO3PAxX0BYBaTU TeMre-
Ha NOBEPXHI AeTanl paTypy B 6y/b AKUI ToULi AeTani.
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BucHoBKW. B pe3ynbTati NpoBefeHnX JOCigKeHb po3pobieHa MeToAMKa aHaNiTUYHO-
ro BM3HayYeHHs TemrepaTtyp B AeTaii Ta IHCTPYMEHTI Nif yac pe3epyBaHHsA 3 ypaxyBaHHAM
YPVBYACTOro pi3aHHA B yMOBax CTa/ioro TensoobmiHy. BctaHOBMEHWI BNAUB CMiBBIAHOLLEH-
HA MK TPMBa/IICTIO pOOOYOro i X0/I0CTOr0 XO4IB Ha TeMMnepaTypy, WO Aa€ OLiHKY 3HUXKEHHS
TemrnepaTypu iHCTPYMEHTY Mij 4Yac ypVBYacTOro pisaHHA MOPIBHAHO 3 Ge3nepepBHUM A5
Pi3HMX YMOB 06pO6KMN.

Mepenik nitepatypu: 1. Pe3Hnkos A.H., PesHnkos J1.A. TenioBble NPoLEecChl B TEXHO/ON U-
yeckmx cuctemax / A.H. Pe3Hnkos, J1.A. Pe3HMKOB. - M.: MalumHocTpoeHue, 1990. —288c. 2.
IBueHKo T.I". JocnigyKeHHs TENs0BOro CTaHy pPi>ky4yoro iHCTPYMEHTY B YMOBax HecTalioHa-
pHoro pi3aHHs / T.I". IBueHko // Haykosi npayi JoHeuUbKoro HauioHa/lbHOro TEXHIYHOTO YHi-
Bepcutety. Cepis: MalwMHO6YAYBaHHSA | MaLLIMHO3HABCTBO. - JoHeubK, JoHHTY, 2006.- Bu-
nyck 110.- C.17-23.3. BYeHKo T.I". TeopeTnyeckne mUccnefoBaHUsA TEMIOBOr0 COCTOSAHUA
TopuoBbIx thpe3 / T.I. MiBueHKo // HagiHICTb IHCTPYMEHTY Ta ONTUMI3aLis TEXHOMNOrYHMX
cucteM. — Kpamatopebk: AOMA, 2006. - Bun.19. - C.33-39.

DETERMINATION OF THE CALCULUS RELATION OF THE CUTTING
TOOL WEAR AT DRILLING OF THE STAINLESS STEEL 10TiMoNiCr175

Vlase A., Blgjina O.,Vlase B. (PUB, Bucharest, Romania)

1. INTRODUCTION

The metallic material processing is determined by physical-chemical and technologi-
cal properties of material and cutting tool [4]. The researches in cutting domain have as pur-
pose the cutting process economic optimization. In time, these allowed to create new materi-
als for tools and sensible choice for the tools geometric parameters and cutting regime [6].

The stainless steels require specific methods for the determination of the relations of
the cutting process [1]. But the process difficulty is due to the cutting tool wear which
growths in comparison with ordinary steels [7]. For the stainless steels processing it is very
important to know the cutting tool wear function. It can be presented in terms of four inde-
pendent variables: the diameter D, the feed f, the tool speed v and the time of cutting t. This
paper presents a method to determine the cutting tool wear function VB = f(D, f, v, t) for drill-
ing of the analyzed stainless steel, with respect to the specific working conditions.

2. MEANS AND CONDITIONS DURING THE EXPERIMENTS

The means and the cutting conditions during the experiments are given below:

« the machine tool: a GCy 32 DM3 drilling device with a Morse cone 4;

* the cutting tool: Rp5 high-speed steel spiral drill with the Rockwell Hardness Number
= 62; the geometric features of the drill have met the requirements of the R1370/2-69 stan-
dard, A; type cutting, with diameters within the range 10 through 30 mm,;

« the cooling and lubricating fluid: P 20% emulsion.

The Table 1 shows the chemical characteristics of the stainless steel 10TiMoNiCr175 (STAS
3583-87). The Table 2 shows the mechanical characteristics of this studied steel.

Table 1. Percentage chemical characteristics [%]
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C Si Mn Cr Mo Ni Ti S P
0.08 | 1.0 20 | 175 | 25 12 0.4 | 0.02 | 0.04

Table 2. Mechanical characteristics (at 20° C)
Tensile strength | Flowing limit | Elongation | Hardness
Rm [MPa] Ro2 [MPa] A [%] [HB]
560 210 36 220

3. EXPERIMENTAL RESULTS AND DATA PROCESSING
The technical literature [3, 4, 5] provided the equation (1), which has been the starting point
in the analysis of the cutting tool wear for drilling:

VB=C, ¥ @" [mm] @
where: D is the diameter; f is the feed; v is the tool speed; t is the time of cutting; Cyg is a
constant; x, y, z, w are polytropic exponents.
In order to the Cyg constant and the X, y, z, w polytropic exponents were estimated, the equa-
tion (1) has been linearized by using the logarithm. It obtained the equation:
lgVB=1gC, +xUgD+ylg f +zgv+wlgt 2

The Table 3 shows a selection of the most conclusive experimental results for this steel.

Table 3. Experimental results

Exp. D f n v t VB

No. | [mm] | [mm/rot] | [rot/min] | [m/min] [min] [mm]
1 12 0.12 355 13.38 27.4 0.72
2 16 0.20 280 14.06 13.8 0.49
3 20 0.12 280 17.59 17.6 0.75
4 12 0.20 355 13.38 14.4 0.74
5 20 0.20 280 17.59 10.2 0.77
6 24 0.32 224 16.88 18.3 0.48
7 18 0.12 355 20.06 23.6 1.66

If the data of the first five experiments from the Table 3 are substituted in the equation (2),
then a linear inhomogeneous system of five equations with five unknowns (X, y, z, w, lIg Cvg)
is obtained:

01g0.72=19C s +xlgl2+ylg0.12+zIg13.38+ wlg27.4
U1g0.49=1gC,5 +x1g16+ y1g0.20+ z1g14.06 + wig13.8
01g0.75=1gC,; + x1g20+ ylg0.12+ z1g17.59+wlg17.6 (3)
Ujg0.74=1gC + x1g12+y1g0.20+ z1g13.38+wlgl4.4
0!90.77=19Cs +x1g20+ y1g0.20+ z1g17.59+ wlg10.2

The system (3) has the solution: Cyg = 2.5810°%; x = -2.16; y = 0.126; z = 4. 72; w = 0.057.
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The formula of the cutting tool wear on the tool putting surface at drilling of the stainless steel
10TiMoNiCr175 is obtained by inserting the above solution in the equation (1):

VB = 258 |]].0—3 ED—2.16 Ef 0.126 Ev4.27 |:ﬂ0.057 [mm] (4)

The data of the last two experiments, included in the Table 3, allow the verification of the re-
lation (4).

The relation (4) permits the determination of the wear on the putting surface, in the case of a
couple: stainless steel 10TiMoNiCr175 - Rp5 high-speed spiral drill, depending on the work
parameters and cutting conditions. It allows to establish values for the tool speed, the feed,
the tool diameter and the durability, in conditions of a certain wear.

For different admissible values of the cutting tool wear, given by the specialized literature,
from the relation (4) it can be obtained the cutting tool speed. For example, for spiral drills
with the diameter D < 10 mm, it is recommended VB = 0.4 mm [7]; for t = T, where T is the
economical durability of the cutting tool, is obtained:

_ 3.25D°%"

V e —
VB=0.4 0.013 ¥ 0.029
T 0

[m/min] ®)

By tracing the cutting tool wear function diagrams with respect to the work parameters, using
Maple software [2], the diagrams resulted are shown in Figures 1 to 4 valid only for drilling
of the stainless steel 10TiMoNiCr175 with a Rp5 high-speed steel spiral.

|—D=16mm- .- 'D=24mm—'D=20mm| — {=0.12 mm/rot = - = 0.20 mm/rot
0.7 «+«+ f=0.32 mm/rot
| v = 14.06|m/min ;% |
0.6t 138 thin RS v ={17.59 m/nlin
i 2s] \$ t=[17.6 fin
0.5 R\
.g ___....--""‘"' g 2: \\‘
= 04 < 7 \
;~03 gt = =p T T riql.sz k\
Gl NEEEERAN
0-2 T B R e 1_
0.1 0_5:
010 015 020 025 030 035 10 12 14 16 18 20 22 24 26
Feed, f [mmrot] Digmeter, D founf
Fig.1. The wear variation depending on Fig.2. The wear variation depending on
the feed for different diameters the diameter for different feeds
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— v =13.38 m/min = = v =17.59 m/min — v =13.38 m/min = = v =17.59 m/min
+ =+ 1y = 20.06m/min + ++ +v =20.06 m/min
] D= 16 mm 4 :
5 5] t = 17.6 min ] ',. £= 0.20 mm/rpt
" R A . t=14.4 fnin
2:- P 3% :
i HER
oy
8% 151 N
215 EREEEEESRCEEEE @, -
8 =TT ) N
x 1 N ™~
1 P R
0.5 T e
[ —] o
0.10 015 020 025 030 035 10 12 14 16 18 20 22 24 26
Feed, f [mm'rotf Digneter, D fimmf
Fig.3. The wear variation depending on Fig.4. The wear variation depending on
the feed for different tool speeds the diameter for different tool speeds

4. CONCLUSION

The analysis of the formula of the cutting tool wear (4) and the diagrams from Figures 1 to 4,
has lead to the following conclusions:

« the wear increases with the feed, for different tool diameters or tool speeds;

« the wear decreases exponentialy with the diameter, for different feeds or tool speeds;

* the wear increases exponentialy with the tool speed, for different feeds or tool diameters.
This presented method for the calculus of the tool wear VB, in certain processing conditions,
has the advantages: the reduction of the time for experimental determination of the material
and tools amount, that it is more economic that other methods; the determinations can be rela-
tively easily obtained and the wear may be measured starting with the first pass.

The results of this paper can be taken into consideration in the theoretical technical research.
They can be implemented in the manufacturing activity. Our further studies aim these prob-
lems for another steels classes.

References: 1. Barlier, C., Girardin, L., Memotech productique, materiaux et usinage, Ed.
Casteilla, ISBN 2-7135.2051.7, pp.215-218, Paris, 1999. 2. Bldjina, O., Maple in
matematica asistatda de calculator, Ed. Albastra, ISBN 973-650-007-1, pp.142-144, Cluj-
Napoca, 2001. 3. Schnadt, R., Austenitischen Stahlfrasen, ZWF CIM, Vol.86, No.6, Verlag,
pp. 312-315, ISSN 0932-0482, Munchen, 1991. 4. Trent, E.M., Wright, P.K., Metal cutting,
4th Edition, Butterworth Heinemann, ISBN 0-7506-7069-X, pp.256-274, Boston, 2000. 5.
Vlase, A., Contributions to the studies on the machinability of cutting romanian make
stainless steels, PhD Thesis, Polytechnic Institute Bucharest, 1977. 6. Vlase, A., Blgjina, O.,
On the relations of the cutting tool wear for turning and drilling of the steel 20MoCr130,
”Academic Journal of Manufacturing Engineering”, vol. 3, nr. 1/2005, pp.75-81, Ed.
Politehnica Timisoara, ISSN 1583-7904. 7. Vlase, A. et al., Tehnologii de prelucrare pe ma-
sini de gaurit, Ed. BREN, ISBN 978-973-648-633-3, pp.136-141, Bucharest, 20009.

126



