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AHHOTaumA. B cTaTbe 060CHOBbLIBAETCA pPaLMOHaAbHbIN BbIGOP MaTepmnana 3aroToBKM
Kanmbpa, noabop MHCTPYMEHTaNIbHOIO MaTepmana, OCHACTKU U pexkyLLero MHcTpymeHTa. Co-
CTaBNeH ONTUMA/IbHbIN TEXHONIOTMYECKUI MPOLECC MeXaHUYEeCKol 06paboTKM CNOXKHOro
npoduna Kaanbpa c NPUMeEHEHMEM NepeaoBOro NporpammHoro obecneyeHmsa Power Mill.

Knrouyegble cn108a: UHCMPYMeEHMAsbHbIU mMamepuas, Kaaubp, ynpasasiouwds npo-
2pamma, mexHoaozu4eckuli npoyecc.
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Abstract. The article proves the rational choice of material billet gauge, selection of
tool material, tooling and cutting tools. Compiled optimal technological process of machining
complex profile gauge with the use of advanced software Power Mill.
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BeepeHue. Pa3BuThE TEXHONOTUM N 06OPYAOBAHUA ANA XONOAHON NUNb-
repHoM NPOKaTKM Tpyb NO3BOINAO YNYYLLIUTL FEOMETPUYECKME NOKA3aTeNM Ka-
yecTBa, NPMBAM3NB MX BMNJIOTHYIO K KayecTBy TPyb, nonyyaembix cnocobamu
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BO/IOYEHUA, NPU CYLWECTBEHHOM MNpeumyliectse B MNPOU3BOAUTENIbBHOCTU WU
UMKANYHOCTM TEXHO/IOTUYECKMX ONepaLmi.

Lienb pabotbl. ONTMMMN3NPOBATL TEXHOIOTMYECKNI Npouecc 0b6paboTku
Kannbpa 3a cyeT BbIOOPA NPOrpecCMBHOrO MHCTPYMEHTA U PEXMMOB pPe3aHus,
YHUBEPCANbHOIO CTaHOYHOro npucnocobnenua (YCI), meputenbHoro n Bcno-
MOraTe/IbHOr0 MHCTPYMEHTa, YHMBEpCcanbHOro craHka ¢ YMY. Cos3gaTtb ynpas-
NAOLWY Nporpammy ana TexHonornm obpaboTtkmn Kannbpa n NC-pann B npo-
rpamme Power Mill, a Tak»ke anpobupoBaTb noctnpoueccop B nakete PM-Post
AnAa ctaHka OKUMA.

Martepuan un pesynbtatbl uccneaoBaHuin. Ctanb KOHCTPYKLMOHHAA pec-
COpPHO-NpYXNHHaa 60C2XPA. Kak npaBuio, OCHOBHOE MPUMEHEHME OAHHOM
MaPKW CTaIN OTBETCTBEHHbIE U BbICOKO Harpy*KeHHble NPYXUHbI U peccopbl, 13-
roToBnAemble U3 Kpyrnon KanmbposaHHoM ctanu. Ctanb 60C2XPA obnagaet
HAaUNYYLWIMM COYETAHMEM TEXHONOMMYECKMX WM 3IKCMAYaTaUMOHHbIX CBOMCTB B
AaHHOM rpynne cTanen (M2).

XapaKTepHbIM MPU3HAKOM PECCOPHO-NPYKMUHHbIX CTAaNEN ABNAETCA HANU-
4yme B HUX yrnepopga B Konmyectsee 0,5...0,8 %. Mo cocTaBy 3TK cTann moryT HbITb
KaK yrnepoguctbiMu, Tak W NerMpoBaHHbIMU. PeccopHO-NpyXUHHbIe CTanu,
npexae Bcero, A0/KHbl 06/1a4aTb BbICOKMM NMpeaenom TeKy4yecTn, 4to obecne-
YmBaeT BbICOKME ynpyrne CBOWMCTBA. ITO AOCTMUraeTCA 3aKaJIkoM C nocneayto-
WMM CpegHUM OTMyCKOM. TemnepaTypa OTNyCcKa A0/XKHA BblbMpaTbca B npe-
aenax 350-500°C (uHoraa, B 3aBMCMMOCTM OT COCTaBa M Ha3HaAYEHUS MOXKEeT
aoxoauTtb n go 600°C). Kpome Toro, oHM A0NKHbI 061a4aTb BbICOKMM npeae-
JIOM BbIHOC/IMBOCTU M AOCTAaTOMHO BbICOKMM Npenesiom NpPoYyHOCTU. A BOT nna-
CTUYHOCTb 3TUX CTaNen A0MKHA ObITb NOHMMKEHHOM (5—10 % no oTHoCcUTeNbHO-
MY yAAnHeHUo 1 20—35 % No OTHOCUTENIBHOMY CY}KEHMUIO).

K HegocTaTKam 3TUX CTanen cnegyeT OTHECTU UX CKAOHHOCTb K obe3yrne-
POXMBAHMIO U 0OPa30BaAHMIO NOBEPXHOCTHbLIX AedEKTOB B npouecce ropavemn
06paboTKK, NPMBOJALLMX K CHUMKEHUIO npeaena BbIHOCAMBOCTU. B uenax
npeaoTBpaLLeHMA 06pa30BaHMA YKa3aHHbIX AedEKTOB, KPEMHUCTbIE CTaAN A0-
NO/IHUTENbHO NETUPYIOT XPOMOM, MapraHuem, BaHaguMem, HUKenem u BO/b-
dpamom. TakKe K MUHYCam YrnepoancTbiX NPYKUHHbIX CTaNen cnegyeTt OTHe-
CTU HEBbLICOKMW Npeaen ynpyroctm n HeBbICOKYHO NpoKaaneBaemoctb. Kputnye-
CKUW AMameTp 3TUX CTanemn Npu 3aKasKe B Macse He npesbiwaeT 25 mm.

OcHosHble cgolicmea cmanu 60C2XPA
Xumuyeckuli cocmas 8 % mamepuana 60C2XPA

C Si Mn Ni S P Cr \' Cu
0.56-| 1.4-1.8 | 04-0.7 | po 0.25 | po 0.025| po 0.025 | 0.9-1.2 0.1- no
0.64 0.2 0.2
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MexaHu4veckue cgolicmea npu T=20°C mamepuana 60C2XPA
CoptameHT | Pasmep | Hanp. | B By |Bs| B | KCU Tepmoobp.
- MM - MMa | MMNa | % | % | kKOX -
/
Cranb, 1670 | 1470 | 6 | 25 3akanka 870°C, macno, OT-
roct nyck 470°C,
14959-79

Teeppoctb 60C2XPA 6e3 TepmoobpaboTtku, FOCT 14959-79 HB10'=321 Mna
Teeppoctb 60C2XPA TepmoobpabotaHHoro, FOCT 14959- HB 10 =285 MMa
79

UHCmpymeHmManosHeIl mamepuasn 049 mexaHu4yeckKol obpabomKu

MaTepuan 3aroToBKM N0 MeXAyHapoAHOMY cTaHAapTy ISO HaxoauTcAa B
rpynne PO1-P15. 3To o3Ha4yaeT yMcToBadA, nosny4ymcroasa obpaboTka cTtanum Ha
BbICOKMX CKOPOCTAX pe3aHuA. BbiICOKaA CTOMKOCTb MHCTPYMEHTA, NPU TOKAapHOM
0bpaboTke, obecneunTbca 3a cYeT NPUMEHEHUA NOKPbITUA Ha ocHose Al,O5 U
MOKPbITUA PENXYLMX KPOMOK TBEPAOCMNABHbIX CMEHHbIX MNAACTUH Kapbo-
HUTPUAAMKM U Kapbugamm TtaHa m antomuHma TiCN + Al203 + TiN (nokpbiTne
CVD, PVD). HarnagHbln npumep paLmMoHaNbHOro BbiI6opa MHCTPYMEHTANIbHOTO
MaTepurana TOKApPHOM 1 ppe3epHOM rpynnbl NOKasaH Ha puc.l.

Teepmoii DL Cramm NC3010 NC3020 NC3120 NC3030 NC5330 NC500H
enchia8 M Heprassoupeciam PC8110 NC9025 PC5300 PC9030
nml]’oxapuoul' = HyryHt NC6105 NC6110 NC315K NC5330 PC5300
obpabotkn I Xaponposse clam PC8110 NC5330 PC5300

S e P | Cranv NC5330 NCM325 PC3500 PC5300 NCM335 PC3545

Teeppbii cnnas —

¢ NOKpbITHEM M  Hepraseoumecram NC5330 PC5300 PC9530 PC3545
A psann = < I PC8110 PC6510 PC5300 NC5330

| Xaponpowe cTam PC5300 PC3545

Puc. 1 — Knaccudumkaums MHCTPYMEHTaNbHbIX MaTepmanos no katanory Korloy

Bbibop pexcyuweco uHCMpymeHma

Ona TokapHoM 0bpaboTKM noBepxHocTer Kanubpa, TOPLOB M KAaHABOK,
Heob6XxoANMMO NMPUMEHUTb MNPOrPECCUBHbBIN MHCTPYMEHT 3apyberKHOro nponsBo-
antena. [Ons npumepa 6bln MCNONb30BAH TOKApPHbIA MHCTpyMeHT «Korloy»
(KOxkHas Kopes).

[ns Havyana HeobxoAMMO oOnpefenuTbCca C reomeTpuen CTPYKKoAoMa
NNacTMH 1 ganee no Tabnuvue BbIbpaTb HEOBXOAMMbIE PEXUMbI pe3aHus Npu
TOKapHoI 0bpaboTKe (rnybuHy, nogayy, CKOpocTb) puc. 2.
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Puc. 2 — PekomeHaaumm no BbI6OPY CTPYKKONOMOB U Ha3HAYEHNE PEeXUMOB
pe3aHus

Mcxoma n3 KOHCTPYKUMM AEeTaNn U KUHEMATUYECKMX CBOMCTB CTAHKA Bbl-
bupaem HeobXoANMMbIN TUMN AEePXHKABKM TOKAPHOTro pe3ua Ha 06paboTKn HapyK-
HOM NOBEPXHOCTU (puc. 3) U 0CceBO MHCTPYMEHT AnA 06paboTKM Na3oB, KaHa-
BOK W OTBEPCTUIN Kannbpa (puc. 4).
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Puc. 3 — TokapHbie pe3ubl «Korloy» ans ctaHka ¢ YNy
a) ana 06paboTKM TOpUOB; 6) ANA HapyKHOM 06paboTKK; 8) AN TOUEHUSA
KaHaBOK
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Puc. 4 — OceBomn TBepAOCNNABHbIA MHCTPYMEHT «Hoffmann Group»
a) KoHueBaA ¢pesa; 6) cnmpanbHoe cBepPaO; 8) MeTYMK ¢ noasogom COXK

Ha gaHHOM 3Tane NPOEKTUPOBAHMA PACCUMTbIBAEM PEXMMbl pPe3aHus
AnA Bcex onepaumt 06paboTkM Kanmbpa Ha cTtaHke ¢ YMY pacyeTHO-
aHANIUTMYECKMM M TabnnYHbIM MeToAOM. B xoze pacueToB peXMmOoB pe3aHus
YYMTbIBAaEM NONPABOYHblE KOIOPULMEHTbI BAUAHMA MaTepMana 3aroToBKU, CO-
CTOAHMA NOBEPXHOCTU, MHCTPYMEHTA/IbHOro MaTepuana, KoappuuneHTbl OT yr-
Na B NNaHe, paanyca npu seplmnHe. TabanyHy0 CKOPOCTb Mbl KOPPEKTUPYEM C
NacnopTHbIMW AAHHbIMM CTAaHKa M BblbMpaem HeobXoAMMYIO YACcTOTy Bpalle-
HMA WNMHAENA NPU TOKApPHOWN ¢ppe3sepHoi obpaboTke.

Bobi60p 3a#UMHO20 UHCMPYMEHMA U OCHACMKU
[Ons Ppe3epoBKN pyyba C NEPEeMEHHbIM CeYEHMEM W LINOHOYHOro Masa
Kanubpa, Heobxoaum natpoH Tnuna Weldon ¢ koHycom SK40 (puc. 5).

DIN | [ DIN | [Zlz30a] | ‘oopa) (G6,3)
\69871J .eassj & | HI’c| I

Puc. 5 — 3axkumHom naTtpoH «Garant» (Hoffmann Group)
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OnAa Hape3aHuA pe3bbbl MeTYMKOM HeobxoaMmOo MCNoNb30BaTb BbICTPO-
CMEHHbIM pe3bboHape3Hon naTtpoH, Tun SK40 «Garant». [lns cBepneHusa oT-
BEPCTUM NPUMEHAEM CBEPINAbHBIN NATPOH, TMN SK40, ¢ NPOTOYKOM Ha dnaHue
noA maHunynatop. Ana mexaHnyeckon obpaboTkM NOBEPXHOCTM Kannmbpa mbl
NPUMEHAEM TOKAPHbIM TPEXKY/TAUKOBbIA CAMOLLEHTPUPYIOLMNCA TOKAPHbIM Na-
TpoH «ROHM ».

Pa3zpabomka mexHosn02uu U peaau3ayusa an20pummos
obpabomku nosepxHocmel Kanubpa e Power Mill
B cucteme Power Mill cozpgaHa ontMmanbHasa TexHonornsa obpaboTku Ka-
nmbpa 3a aBa yctaHoBa. Ocoboe BHMMAHME Bblaensem ppesepoBKe pyyba C
nepemeHHbIM cevyeHnem npoduna. YepHoBasa ob6anpKa KoHueBol ppe3on Do =
4 MM, NpUNyck Ha onepauunio 0,6 mm (puc. 6).

Sain Brua BCTaenTe Mokawn VMCTDymesTe:  Momouss

2 5 emnIFFUESTH & S B v KA 7K x

%, SRR 306,712 | 86,9353 [0 an men 05 0,0 4.0 7120 |Delcami( )
Puc. 6 — YepHoBaa obpaboTka pyyubs Kannbpa

Onepauuna ynctosas, gmameTp KoHueson ¢pesbl DP = 3 mm. Mocne 0b6-
paboTKM ocTaBaAaem Npunyck nog wandosky pyyba 0,1 mm (puc. 7).
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Puc. 7 — Yuctosan obpaboTKa py4yba Kannbpa

Tak ke, cneayet obpaTuUTb BHMMAHWE Ha obnacTb nepexoga (mepTsas
30Ha). MIMeHHO B 3TOM MecTe Yalle BCEro JIOMaeTcs MHCTPYMEHT NP HaNNYMK
B TPaeKTopum HebonblLMx BCneckos (puc. 8).

Puc. 8 — Obnactb nepexoaa npoduna pyyuba Kanmbpa

AHanus pesynbtata MexaHM4eckom o6paboTkM, B ANHAMUKE, NPOBEPSEM
c nomoubto ¢dyHKumm View Mill (puc. 9). JaHHasa npoueaypa KOHTPOAA pesa-
HWA B Nporpamme HasblBaeTca BepuduKaumen o6paboTku.

A
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Puc. 9 — Pexxum View Mill

MpoBepKa CO34aHHbIX TPAEKTOPUIA, Ha yaapbl U CTONKHOBEHMSA, bblia 3a-
KOHYeHa nocne 3arpy3ku B cpeagy Power Mill rubpuaa ctaHka « OKUMA Mac
Turn 250» (puc. 10). TpaekTopusa 06paboTKM pyubsa Kannbpa - «4-x oceBan»

Puc. 10 — T'mbpua ctaHka « OKUMA Mac Turn 250»

C y4eTOM KMHEMATUYECKUX CBOWCTB CTaHKa, B peasibHOM BPeMEHU U pe-
UMax pesaHus, 6bian NpopaboTaHbl BCe TPAEKTOPUWU Ha NpeameT 3apes3oB U
CTONKHOBEHUM (puc. 11).
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Puc. 11 — Busyanumsayma o6paboTkm Ha ctaHke « OKUMA Mac Turn 250»

Mocne ycnewHoro TeCTMPOBaHUA BCEX TPAEKTOPUA MPOUCXOANT 3annUCb
ynpasaatowmx nporpamm (YM). OKOHYaTeNbHbIM 3TAaNOM B MPOEKTUPOBAHMUM
TEXHONOIMK, ABNAETCA HanucaHWe nocTnpoueccopa. [aHHaAa npoueaypa Bbl-
nosiHeHa B Nnporpamme PM-Post. Nocne co3gaHna nocTnpoueccopa, CoOXpaHAem
OAHHYIO CECCUIO B OMUMOHHbBIN Galin ¢ paclumMpeHnem «.pmopt» 1 umnopTupy-
eM AaHHbIN pann B okHO 3anuncu «NC-dain» nporpammbl Power MILL (puc. 12).
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Puc. 12 — ®parmeHT YI
Ha gaHHOM 3Tane TEXHONOrMA OKOHYEHa, CO34aHHbIN dann-Kog roTos K
paboTe N MoXKeT O6bITb OTNPAB/IEH HAa CTOMKY CTAHKa, C NOMOLLbIO KapTbl Namsa-
™.

Anpobayus pe3ynemama pac4emos ynpasastoueti npozpammel (YI1)
MpoeKT MexaHn4Yeckon o0bpaboTkM Kanmbpa BbINONHEH Ha 5-T oceBom
TOKapHo-ppe3epHom cTaHke «OKUMA Mac Turn 250» (puc. 13) c ycnosusx
NPOM3BOACTBEHHbIX MOLLHOCTEN 3aBOAA.

Puc. 13 — CraHok c 4NY «OKUMA Mac Turn 250»
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Cnefyowmm WArom B TEXHO/IOTMYECKOM npouecce ABAAETCA KONMpPOoBa-
Hue YT Ha cTonKy ctaHka OKUMA 1 aBTOMaTU4YecKoe NpoBepKa CTO/IKHOBEHUM
cuctemoit YNY crtaHKa (puc. 14).

YAAMTE
woaen%

Puc. 14 — Ctomka ctaHka OKUMA

CI'IE,D,YFI TEXHONIOTNN, BbINONHAETCA NPUBA3KA CUCTEMDbBI KOOPAOUHAT CTaH-
Ka, MHCTPYyMeHTa U getanun. [locne 4yero B marasmH CTaHKa 3arpy»atoTtca Heob-
Xogumble UHCTPYMEHTbLI, U NPOUCXOANT MEXaHUYECKaA o6pa60TKa Ha pa6oqu
nogadvyax un o6op0Tax CTaHKa.

Puc. 15 — F'otoBasa getanb — Kannbp XNT

BbiBog. NpnumeHeHne nporpammHoro obecneyenms Power Mill obecne-
YMBAET MOBbILWEHMNE TOYHOCTU FTEOMETPUN CNOXKHOTO NPOGUNA Pyybs U Kannbpa
B uenom. [AnA BbINOSIHEHUA AAHHOIO NPOEKTa NPUMEHEHO YHMBEPCANbHOE CTa-
HoYyHoe npucnocobnenune (YCM) u natmoceBoi ctaHok c UMY, yto nossonser
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YATN OT NPUMEHEHUA AOPOroCTOALLErO CneumManmnsmpoBaHHoro obopyanoBaHms
M cneynpucnocobaeHnin, Hanpumep rMAPOKONMPOBaNbHOIO cTaHKa u CPI.

MpuUmeHAA COBpPEMEHHbIe WHCTPYMEHTaNIbHble MaTepuanbl U nporpec-
CUBHbIA MHCTPYMEHT, BHEAPAA UX B Pa3paboTKy COBPEMEHHbIX BbICOKUX TEXHO-
NOTWIA, NPON3BOACTBA AETaNien MEeTaNNypruyeckoro Npon3BoACTBa, NO3BOINO
Pe3Ko NOAHATb YPOBEHb GYHKLMOHANbHbIX U 3CTETUYECKUX CBOMCTB U3Aenus,
npu 3TOM NOBbIWAA KayecTBO penbeda n obecneumsas 6e3gndpeKTHOCTb MNo-
BEPXHOCTHOrO C/10S.

BbinonHeHHas anpobauuna pe3ynbTaTOB pacyeTa ynpaBadwowein npo-
rpammbl M OTpaboTKa TexHosormm obpaboTKn Ha cTaHKe ¢ YIMY B npomssoa-
CTBEHHbIX MOLLHOCTAX 3aBOAa YKa3blBaeT Ha NPaKTUYECKYIO LEHHOCTb AAHHOrO
npoekKTa.

[aHHbIA NpoekT obecneymMBaeT BbICOKME IKOHOMWUYECKME, Ka4yeCTBEH-
Hble, TeXHONI0rMYeCcKne NoKasaTe i1, YTO NO3UTUBHO OTPA3UTCA HA pPeHTabesnb-
HOCTW AaHHOM NPOAYKUWUU, KaK B YKPAUHCKON MPOMbILUAEHHOCTU, TakK U 3a py-
b6exkom.
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