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A.A.IIEPMAKOB, nokt.TexH. HayK, mpod. HTY «XIIN»;
C.E.CJ/IHIT9YEHKO, nayu. cotp HTY «XITN»

HNPUMEHEHUE YIPABJISIOIUX CETEN NNETPU JIJ15
OBPABOTKHU KOPITYCHBIX JTETAJIEU

B crartbe paccmatpuBaeTcst HHTepIIpeTanus yrnpaBisomux cereil (SN), KoTopas HOCTpOeHa Ha OCHOBE
6esomacupix  cereit  Iletpu  (SPN). IlpuBeneno obocHoBanme mpumenenus cereil [letpu mpu
pelIeHnH 3ajad TEXHOJIOTMH MalIMHOCTpoeHHus.  Ha npuMmepe 3amaun 06 3pdekTHBHOM
HCIIONB30BAaHUH IPOM3BOJCTBEHHBIX PECYpPCOB HMPOAEMOHCTPHUPOBAHBI BO3MOXKHOCTH SN, IpOBEIEHO
CpaBHEHHE C MOJEIIMH Ha OCHOBe Oe3omacHbIX cereil Iletpu. PaccmorpeHa BO3MOXKHOCTB
MOJIETIMPOBAHUS MapalleNIbHBIX MPOLECCOB 00pabOTKH CIIOKHBIX AeTaell Ha 6a3ze SPN.

KnaioueBnle ciaoBa: ceru [leTpy, MMHTAIlMOHHOE MOJENIHPOBAHHE, MAETallb, MaKpOIEPEXO,
METKa, aJIFOPUTM, YIPABIISEMbIC [IEPEXOIBI.

O.A.IIEPMSKOB, C.€.CJIIIMYEHKO
3ACTOCYBAHHSI KEPIBHMX MEPEX IETPI JJISI OBPOBKH KOPIIYCHHX
JAETAJIEN

VY cTaTTi po3rIAAAEThCS IHTEPIPETALlis Mepex, o ynpaeistioTs (SN), sika moOyqoBaHa Ha OCHOBI
6esmeunnx Mmepex Ilerpi (SPN). HaBemeno oOrpyHTyBaHHs 3acTocyBaHHs Mepex Iletpi mim uac
BHUpIIICHHST 3aBJaHb TEXHOJOTII MamuHOOyayBanHs. Ha mpukiam 3aBmaHHs 1po  e(EeKTHUBHE
BUKOPUCTAHHS BUPOOHHYMX PECYPCiB MPOAEMOHCTPOBAHO MOXIMBOCTI SN, NMPOBEACHO MOPIBHAHHA 3
MOJEISIMU Ha OCHOBI Oe3znevnux Mepex llerpi. Po3risiHyTo MOXIHMBICT MOZAEIIOBAHHS MapasiebHUX
nporeciB 00poOKH CKIaIHUX neTaneid Ha 6a3i SPN.

Kurouosi cioBa: mepexi Ilerpi, imitamiiiHe MOJeTIOBaHHS, J€Talb, MaKpONEpeXil, MiTka,
AITOPUTM, KEPOBaHI MEPEXOH.

A.A. PERMYAKOV, S.E. SLIPPCHENKO
APPLICATION OF CONTROL PETRI NETS FOR PROCESSING BODY PARTS

The article deals with the interpretation of control nets (SN), which is based on secure Petri nets
(SPN). The rationale for the use of Petri nets in solving problems of mechanical engineering technology
is given. On the example of the problem of the efficient use of production resources, the capabilities of
SN are demonstrated, a comparison is made with models based on secure Petri nets. The possibility of
modeling parallel processes for processing complex parts based on SPN is considered.

Keywords: Petri nets, simulation, detail, macro transition, label, algorithm, controlled transitions.

BBenenne. B crathe paccMoTpeHbl ympasistoniue cetd  lletpu ¢
(OYHKIIMOHATLHBIMHA PACIIMPEHUSMH, TO3BOJIIONIMMH MOJAEIUPOBATH YIPaBIeHUE
ACUHXPOHHBIMHU TIAPAJUICTHHBIMH TIOTOKAaMHU TIPU MHOTOBapHMAHTHOM BBIOOpE B
BEepIIMHAX MECT M BEpIIMHAX TEPEeXOJ0B, a TakkKe TpU COONIOICHUN
3aMpeiaronX yCiIoBHil.

MopenupoBaHue CI0KHBIX YIPABJISIOIIMX AJITOPUTMOB HA OCHOBE ceTei
Ierpu. VMutanmmoHHOE MOJENUPOBAaHUE YacTO MPUMEHSETCS IMPH pa3padoTke
MPOTPAMMHOTO OOECIIEYCHHUs, KOTJa BO3HHKAET 3alava oleHkHu 3(dekTuBHOCTH
ero paboTbl
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IIpu BBIOOpE cpencTBa MMHUTALMOHHOTO MOJEIMPOBAHMS PYKOBOJCTBYIOTCS
psAsoM TpeOOBaHUH, TaKMX Kak BO3MOXHOCTb IIPOBEPKH PabOTOCIIOCOOHOCTH,
0TOOpakeHHE KOPPEKTHOrO (OPMHUPOBaHMS M B3aUMOJCIHCTBHUS NapajulesIbHBIX
MOTOKOB, BO3MOXXHOCTb OTCJIC)KUBAHHUS TYNUKOBBIX CHUTyallUd, BO3MOXKHOCTh
MPOBEPKU KOPPEKTHOCTHU peasin3alliy 3aJjaul B apajuIeIbHOM aJIrOpUTME.

Jis ynoBieTBOpeHMsI BBIMICHA3BAHHBIX TpeOOBaHUH B Teopun cereil [letpm
pa3paboraHbl HaOOpBl CTATHYECKUX ¢ JUHAMHYECKHX CBOWCTB, KOTOpBIC
MO3BOJISIOT OTCIIEKHMBATh TOMOJOTMIO MOZAEIH Ha JTale MOCTPOEHHs, YCTPAHATH
CBOMCTBA HEOE30IIACHOCTH M KOH(IMKTHOCTH, ONPEEIISTh HEKUBBIE YIaCTKH CETH
IleTpn npu IMHUTALIMOHHOM MOJIEIIUPOBAHHH.

IlepcieKTUBHBIMU C TOYKM 3peHHs H300pa3UTEIbHOM MOIIHOCTH SIBIISIFOTCS
ympasisttoinue cetu [lerpu (SN), KoTopble OCHOBBIBAIOTCSI Ha CBOMCTBaX 0e30MacHON
untepnperaiu  cereil Ilerpu (SPN) ¢ npumeHeHMeM HMHTHOMTOPHBIX JOyTI' |
YIPaBISIOIIMX BEKTOPOB JUIL  MOJCIHPOBAHUS MapajuIeNIbHBIX IIPOLIECCOB C
MHOTOBapHaHTHbIM BBIOOpOM. Takue 3ajaul BO3HMKAIOT TIPU MOJEIMPOBAaHUH
JIOTUCTHYECKHUX 3a/1a4, 3a1a4 00 3pdeKkTHBHOM pa3MelieHuy, 3aa4 00 ONTUMATEHOM
HCIIOJIb30BaHNH TIPOU3BO/ICTBEHHBIX PECYPCOB M1 MHOTHX MOIOOHBIX 33/1a4.

IMocranoBka 3agaun. [Ipu popmynupoBanuu 3amaun 00 3PPeKTHBHOM
UCIOJIB30BAHUU MPOU3BOICTBEHHBIX PECYpCOB Ba)KHO 3alaTh OrPAHUYECHHS,
HajaraeMble BHYTPEHHHMH ¥ BHCIIHHNMH OOCTOSITENBCTBAMH, a TaKXKe
HayalbHBIE PECYPCBHl M UX pacmpelencHue. 3afadya COCTOUT B ONTHMAIbHOM
HCIIOJIb30BAaHUN CBOOOJHBIX NPOU3BOACTBEHHBIX peEcypcoB npu o00OpaboTke
KOPIIyCHBIX  JeTaJledl Ha  MHOIOONEPAalMOHHBIX  cTaHkax ¢ YIIY
(oOpabatpiBatomux  meHTpax). Kpurepwem  ONTUMAIBHOCTH  SBJSETCS
MaKCHMHU3allMsl  TPOM3BOJAUTENBHOCTH U TOYHOCTH  00pabOTKHM  TIpHU
MUHHMH3AIHH BpEeMEHH 00pabOTKH M 3a/JelCTBOBAHHBIX IPOU3BOACTBEHHBIX
pecypcoB. Ilpu permeHun 3aja4d  JOKHBI OBITH YYTE€HBI OCOOCHHOCTH
oOpabaTeiBaeMBIX JeTajlel, TEXHOJOTHYECKHEe BO3MOXXHOCTH CTaHKOB H
OPEAYCMOTPEHBl AATOPUTMBl MHUHHUMH3ALUU IPOU3BOJCTBEHHBIX PECYPCOB.
Kpome Toro mo ycioBuio 3amauu HEOOXOAMMO HCKIIOYHTH 00pabOTKy IBYX
JeTalieil Ha 0JJHOM 00pa0aThIBaONIeM IEHTPE.

IIpumenenne ynpaasirommux cereii Ilerpu. Ilpu co3zmanum mopnenei
CUCTEM YIpaBIEHHUS Mapajule]bHBIMU IpollecCaMd C HEPaBHOMEPHBIM
pacrpesiesieHHeM YCIOBHI U pecypcoB HEM30E€)XHO BO3HHKAaeT HEOOXOIUMOCTH
00pabOTKM BapHMaHTOB PEIICHHWH M BHIOOpa HAWIYYIIEro MO yCTAHOBICHHOMY
KPUTEPUIO PELICHHUS AJIsl peayu3alii JalbHEUINNX JEHCTBUM.

B caydae mnocTpoeHus MOJENM IIOCTaBIEHHOW 3ajauyd Ha OCHOBE
Oe3zomacHbIX cereil IleTpn BO3HUKAIOT TPYAHOCTH C OTOOpaXEHHEM H
MPOBEPKOH  (YHKIMOHUPOBAHHUS aNTOPUTMOB BEIOOpa  ambTEPHATHBHOTO
BapUaHTa U3 MHOXKECTBA JOCTYNHBIX. Tak Ha puc. 1 mpeacraBieHa MOJENb
pelIeHHs OCTABICHHOM 3a1a4u Ui TpeX oOpabaTbiBaeMbIX neTanei (p1, pa, p3)
Ut uznenus (B), KoTopbsle MOTYT OBITh H3TOTOBJICHBI HA MHOTOOIEPAIIMOHHBIX
crankax ¢ UITY (4;, Ay As3).
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Ha mnepBoM orame mnOCTpOeHHs MOJAENM HEOOXOIUMO OTOOpasuTh
KOHCTPYKIHIO, KOTOpas IO3BOJHUT BHIOpaTh Hamboliee CIOXKHYH NeTalb H
moo0paTh A Hee ONTUMaIbHBIE YCIOBHSA 00paboTku. JanpHemue neiicTBusA
mo o0paboTKe OCTAaBIIMXCSA JeTajeil MJOKHBI OBITH OTOOpaKeHBI C
UCIIOJI30BAaHMEM TEX JK€ alrOpUTMOB, YTO M JuId HepBoi neramu. [lns
oTOOpakeHUsI TAaKUX alTOPUTMOB B Oe3omacHBIX ceTax [lerpm HeoOXommmo
NPUMEHHUTh MaKpOIEePEXOIbl T; KOTOPbIE MO3BOJISIOT IPOU3BOAUTE COBMECTHYIO
00paboTKy yCIIOBUIl M OCYLIECTBIATD MIEPEKPELIMBaHIE TOTOKOB JEHCTB UH.
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Puc. 1 — Mozens onTuMu3anuu o0pabOTKU TpexX AeTaieil npeacTaBieHHas 6e30macHoi
cetsblo [letpu.

HavyanpHBIMH (BXOJHBIMH) BEPIIMHAMH B MOJICIH 3a/1a4 SBISIIOTCA 1, Pa,
P3, KOTOpBIE COZepkaT 3ar0OTOBKH (METKH), IPEAOCTaBICHHBIE JUIsl 00paOOoTKH.
3aroToBKHM KOHILIEHTPUPYIOTCS Yepe3 COOTBETCTBYIOIIME mepexons! fj, tp, t3, B
MaKpoHepexoe T; U MOCIAEN0BATEIbHO NOCTYNAIOT B BEPIIUHY MECTa py;, Aallee
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JUIS COCTaBJICHHUS CIIMCKAa IIepeJaloTcsi B BEpIIMHY Mepexoxa ty, rae u
MPOBOJAMTCS BBIOOP HamboJee CIOKHOW neTanu. JlaHHas 3aroToBKa MOCTyHaeT
B MakpoIlepexol T4, B KOTOPOM IPOBOAMTCS aHaJM3 MOCTYIHBIICH
MHGOpPMAIMK O BO3MOXKHOCTSAX MHOTOONEpanUoOHHBIX cTaHkoB ¢ YIIY (mo
KOJINYECTBY KOOpJMHAT 00pabOTKH).

ITocne cpabaTeiBaHHS MAaKpOINEPEXOIa T4, METKH IEPENAIOTCA B BEPIIMHBI
MECT psp, Pe2, P72, P31. VIHGOpPMaIumsi, KOTOpasi HIEPEHOCUTCS STUMH METKaMu, Oyner
pa3IMYHOM, MOCKONBKY 3aroTOBKAa MOXKET 00pabaThIBaThCS TOJIBKO HA OIHOM
CTaHKe, TO Ha OCTaJIbHbIE MHOTOONEpanoHHble cTaHKU ¢ UIIY mpuxonsr MeTku ¢
HYJIEBBIMH 3HAUCHUSIMHM, W B KOHEYHYIO BEPIIHHY p, TAaKXKe, IMOCKOIBKY [0
COBEpLICHHS OINepalMii B HEil He JTOJDKHBI MOSIBUTHCS APYTHe 3Ha4eHUs. MeTKH ¢
HYJIEBBIMH 3HAQYEHUSMHU CXKHTAIOTCS B BEPIUIMHAX NepexooB t, u tg. JJomyctum
HauOoJIbIlIee 3HAYEHHE MOJYYEHO AN CTaHKa A;, TOorja MeTka, KoTtopas Oyaer
nepefiaHa B psp, CONCPIKUT OMpPEICIICHHOS 3HauyeHHEe (YMCIO 00pabaThiBaeMbIX
MOBEPXHOCTEH), @ METKU IIOCTYNUBINNE B BEPUIMHBI  Pgp. P72, P31, HYJIEBBIC
3HAYCHUsS (3TU METKU OYAYT yAACHBI 3 CETH B BEPIIMHAX TIEPEX0I0B lgp 17, 1 g ).

MeTtka W3 BEpIIMHBI MECTa ps; aKTUBH3HPYET INEpeXxon ls; TMOCKONBKY B
BEpIINHE ps3 OT KOTOPOW MIET MHTHOWTOpHas (3ampemaromas) ayra K ts, HeT
metku. [lepexon 15, MonenupyeT mNpHHSATHE pemeHus o0 oOpabaThIBaronieM
000pyIOBaHNH, a EpEMEIIEHIE METKH B BEPIINHY P54 — HaYaJIO 00pabOTKH; B ps3
— OJOKMpPOBaHHME HOBBIX 3aJaHUH JUIA MOCTYIUICHHS Ha CTAaHOK Ha MPOTSDKCHUHU
BpeMeHH 00paboTku. Eciam ycmoBust 00pabOTKHM OCTaroTcs B Ipeaeiax
JIONIYCTUMBIX OTKJIOHEHHUH, OmpeensieMblXx TpeOOBaHMAMHU 3aKa3uuMka, TO METKa,
AKTUBU3UPYS MAaKpOIIEPEXOJ Ts3, BO3BpAIAETCs B BEpIIMHY MecCTa ps4. Ecim
OTKJIOHEHUsI TPEBBIIIAIOT AONYCTUMBIE MpE/eNbl, METKAa W3 MAaKpONepeXxoaa Tss
HaInpaBjsSeTCs B BEPLIMHY pss , aKTUBM3MPYs nepexona is, moramas METKH B
BEpIINHAX MECT pss U ps3. 1IpM ylaJleHMM METKH U3 ps3, 10JIydaeM HOBYIO
BO3MOXKHOCTh aKTHBH3HPOBATH Nepexof s, , cpabaTeiBaHHE KOTOPOTO MOJETUPYET
00paboTKy HOBOW 3aroToBKW. I3 BepmmHbl mepexona tss, MoOAETHMpYrOMEH
OKOHYaHHE O00pabOTKH (M3-3a HEYAOBJICTBOPUTENBHOTO KadecTBa WM IO
OKOHYAHHMIO TAPTHH JeTajel), MeTKa NepefaeTcss B BEpUIMHY MecTa pg  [anee
METKa BO3BPAINACTCsl B BEPIIMHY MaKpOINEpexona T4 , U3 KOTOPOH MOXKET OmSTh
MEepPEeUTH B OIHY U3 BEPLINH Psp. Pep, P72 [V 00pabOTKM eciii TakoBasi 00OCHOBAHa,
MHaue MeTka OyneT mepefaHa dYepe3 BEpIIMHBI p3; (OKOHUAHHE IEpHOAa
00paboTkn) U tg, B KOTOPOW MPOU3BOAMTCS TEXHHMUYECKUH KOHTPOIb TOTYYECHHON
JIeTallv, B BBIXOJIHYIO BEPIIHHY P, — UTOTOBBIE PECYPCHI 3aKa34YHKa

VYcnoBus 3anpera 00pabOTKH ABYX AeTajed HAa OJHOM MHOTOOIEPAIIHOHHOM
cranke ¢ UIIY peanm3oBaHO B MOAENH KOHCTPYKIMEW C WHTHOMTOPHOW IyTOH,
KOTOpas Ha BpeMsl IOCTYIJICHWS] OJHOW 3aroTOBKM Ha CTaHOK, OJIOKHpYeT
BXOJUIIIYI0O B TNOJAMOJENb CTaHKa A; BepmnHY 1, (MeTKa B BepIIMHE p;;) U He
NO3BOJISIET 10 OKOHYaHHUs 00pabOTKM (0 aKTUBHM3ALMHU BEPILHMHBI mepexoa 1) ee
Pa30I0KHpOBATS.
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IIpn mpeacraBnennu Mopenu ymnpasisiromeid  cetn  Iletpu  (puc.2)
OOJIBIIMHCTBO MAaKPOIEPEXOAOB IIPEACTABISIEM YIPABIICMBIMU TIE€PEX0JaMH, B
KOTOPBIX pEaln3yloTCsi aJTOPUTMBI pacueTa YCIOBHH BBIOOpa albTEpHATHB WIN
MPOBOAUTCS TEPEKPEIIMBAHNE MOTOKOB NEHCTBHH (MOICIUPYEMBIX ABHKECHHUEM
MeToK). Taroke mn3baBisgeMcsi OT HW3OBITOYHBIX BEPIINMH, KOTOpPHIE Ha pHC. 1
BBIZICTICHBI CEPBIM I[[BETOM.
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Puc. 2 — Mozenb onTuMu3aIiu 00pab0oTKH TpeX JeTalel MpeICTaBICHHAs
ynpasastonie cersto [lerpu.

IIpu paccMOTpeHHH MOJEIH, TPEACTABICHHON YIpaBIsioeld ceTeio [lerpw,
HY)KHO OOpaTHUTh BHUMaHHE Ha pPa3MUYHbIe (YHKIUH, MOJCIUPYEMbIE
VIPaBJISIONIMH BEKTOPAMH X

Bekrop X; MopenupyeT BEIOOp HanboIee ClI0XKHON 00padaThiBaeMoil getanu
U TIepeiaeT ero B BEPIIMHY MECTa po; U BRIOOPA €ro JalbHEHIIETO pa3MeIleHHs,
KOTOpOe TpPOM3BOAUTCS B BepmuHe i, Bektop X, MO3BONSET CKOOPAMHHPOBATH
nepeaayy METKH TOJBKO B OIHY W3 BEPIIUH Psy, Pes, P72, P31, YTO H30aBISET OT
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HEHY)XHBIX OIlepalyii ¢ Iepeaadell U norameHneM HyJIeBbIX nakeToB. Bekropa Xs,
Xg, X7 HMO3BOJSIFOT MOJIETMPOBATh M3MEHEHUE YCJIOBHH 00pabOTKM W NMpPUHHMATh
pelieHne 0 COXpaHEeHUH WM NPeKpalleHu JabHel et 00paboTku reTaien.

Pe3yabTaThl HecaeqoBanus. PaccMOTpeHHBIN NpUMeEp MO3BOJISIET CPABHUTD
MOJyYeHHBIE MOJIENIN 3a]a4ul, IOCTPOCHHBIC 0e30MacHON M yNpaBIIOIEH CeTIMU
[etpu. AHanm3upys pUCYHKH | 1 2 MOXKHO HATJISAHO YOGTUTHCS B JJAKOHUYHOCTHU
YIPABILIIOLIEH CETH, KOTOpas M30aBIIAisl OT MENKHX 3JIEMEHTOB MOJENH, BCE XKE
MO3BOJISIET JOCTHYb aJJEKBATHOTO BHU3YaJIbHOTO OTPa)KEHHS OCHOBHBIX BHYTPEHHHUX
1 BHEIIHUX (paKTOPOB, Oojee 0OCTOATENHFHO MPOBECTH aHAJIN3 MOJCIH, YCTPAaHHUTh
KPUTHUYECKHE CBOWCTBA, HE HApaliMBash HPH 3TOM KOJIWYECTBO CIIYXEOHBIX
aneMeHToB cetH [lerpu.

3akaouenne. Ha mnpumepe 3agaunm 00 3(GQGEKTHBHOM HCHOJB30BaHUH
MIPON3BOJICTBEHHBIX pecypcoB MIPOAEMOHCTPUPOBAHBI MIpeUMyIIecTBa
yopasistonieii cetu (SN) B cpaBHeHunm c¢ OesomacHoit cetbto (SPN). Ilpu
UCIIOJIB30BAaHUM  YIpaBIAIOMIed  CeTH  yJaeTcs  HalIggHO  OTOOpa3sHTh
MHOTOBApPHAHTHBIN BHIOOP allbTEPHATHB, IIEpeady yInpasisiomeil nHpopMayu ot
BHEITHNX CHCTEM, OoJiee JTAKOHWYHO ITOCTPOMTH MOJENb HCCIECTYEeMOH CHCTEMBI.
BaxspiM  cBoiicTBOM ympaBmsitomux —cered  Ilerpu  sBIsieTcsl  yCTaHOBKa
NPUOPUTETOB B BEpIIMHAX IIEPEXOJOB M MECT, OCHOBAaHHAs Ha JIOTMYECKHX
KOHCTPYKIMSX, TapaMeTPaMH KOTOPBIX SBJISIOTCS KaK BHYTPCHHHUE, TaK U BHEIITHHE
HepeMeHHbIEe. DTO T03BOJISIET TOBOPUTH O BO3MOXXHOCTH ITOCTPOEHHS aTalTHBHBIX
MoJieJIell CHOXKHBIX CHCTEM C MHOTONOTOYHBIM Mapajeu3MOM, ONEepaTHBHO
pearupyromux Ha H3MEHEHHEe BHYTPEHHUX M BHEIIHUX ycioBuil. IlpeacraBnenHoe
CPEICTBO MOJIENHUPOBAHMS MO3BOJISET IPOBOANUTE B JUHAMHUKE (IIPU MEpeMeIeHuN
METOK) KOHTPOJb KPUTHYECKHX CBOHCTB B MOJENH M YKAa3bIBaTh JIOKAIHU3ALUIO
He0e30MaCHBIX U KOH(IMKTHBIX y4aCTKOB.
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HOBBIINEHUE 3®PEKTUBHOCTH ®UHUIITHOM
CTPYHHO-ABPA3ZUBHOM OBPABOTKH MEJIKUX JIETAJIENA

B crathe paspaboraHsl 00oOmaroniye SMONPUYSCKHE MaTeMaTHYECKHE MOJIEIH IapaMeTpoB
abpa3uBHON 00pabOTKK JAeTasiell 3aTOIMICHHBIMH CTPYSIMHU, KOTOPbIC MO3BOJSIOT 10 KPUTEPUAM
HauMeHbIIEell MepoXoBAaTOCTU MOBEPXHOCTH M HamOOIbIIEil NMPOU3BOJUTEIEHOCTH ONPENEIHTH
palroHaNbHEIE TapaMeTphl 00paboTKU. Y CTaHOBIEHO, YTO B IIporecce oOpaboTKU MPOUCXOTUT
CKpYIJCHHE KPOMOK JeTaneil, yCTpaHSITCA 3ayCEHILbl, CIEAbl KOPPO3HMH M pasHbIe
HEOJHOPOJHOCTH Ha 00padaThiBaeMbIX IOBEPXHOCTSX, 0OpasyeTcs OJHOpPOJHAs MarToBas
TIOBEPXHOCTh C MIEPOXOBATOCTHIO B Ipeaenax Ry = 0,8 — 1,25 MxM, ¢ yIPOUHSIONINM HaKJIEIIOM
(CKMUMAIOWKUMH  HANPSDKEHUSMU TIyOMHOH 5 — 6 MKM), CYIECTBEHHO YMEHbBIIACTCS
TPYLOEMKOCTb 00pabOTKH.

KioueBble ciioBa: abpa3uBHas 00paboTka, aOpa3UBHbIC 3epHA, MEIIKUE JCTalH, CKAThIA BO3/YX,
coruio JlaBass, 11€poOXOBaTOCTh MOBEPXHOCTH, MPOU3BOJUTEILHOCTh 00pabOTKH.

0.0. AHALTAXAM .
MIIBULIEHHS] EOEKTUBHOCTI ®IHIIIHOT CTPYWHO-ABPABMBHOI OBPOBKH
JPIBHUX JETAJENA

VY craTTi po3pobiIeHo y3araJbHIOIYi eMIipHYHI MAaTeMATHYHI MOIENi MapameTpiB abpa3sHBHOI
00poOKH AeTaieil 3aTOIUICHUMH CTPYMEHSIMH, SKi JO3BOJLSIIOTH 32 KPUTEPiIMH HAWMEHIIO! MIOPCTKOCTI
MOBepXHI Ta HaHOUIBIIOID NPOAYKTHBHICTIO BH3HAYMTH pAaliOHANbHI IapaMeTpH OOPOOKH.
BcranoBneHo, mo B mporeci oOpoOKH BiZOyBaeThCsi 3aOKPYIJICHHS KPOMOK IETalle, yCyBaroThCs
3a[UPKH, CIIAM KOpO3ii Ta pi3HI HEOJHOPIAHOCTI Ha OOPOOIIOBAHHX IMOBEPXHSAX, YTBOPIOETHCS
OJIHOpi/lHA MaTOBa IMOBEPXHs 3 MIOPCTKICTIO B Mexax Ra = 0,8 — 1,25 MkM, 3i 3MiIHIOBaIBHOO
HAKJICTIOM - 6 MKM), CyTTE€BO 3MEHILYEThCS TPYAOMICTKICTH 0OPOOKH.

KurouoBi ciioBa: abpasuBHa 00poOka, abpa3uBHi 3epHa, ApiOHI feTalli, CTUCHEHE MOBITpPs, COIIO0
JlaBans, MOPCTKICTh MOBEPXHi, MPOYKTHBHICTH OOPOOKH.

A.A. ANDILAHAY
INCREASING THE EFFICIENCY OF FINISHING JET AND ABRASIVE PROCESSING
OF SMALL PARTS

The article develops generalizing empirical mathematical models of the parameters of abrasive
machining of parts by submerged jets, which allow, according to the criteria of the least surface
roughness and the highest productivity, to determine rational processing parameters. It has been
established that during processing, the edges of the parts are rounded, burrs, traces of corrosion and
various inhomogeneities on the treated surfaces are eliminated, a uniform matte surface is formed with a
roughness in the range of Ra = 0.8 - 1.25 um, with hardening hardening (compressive stresses of depth 5
— 6 um), the complexity of processing is significantly reduced.

Key words: abrasive processing, abrasive grains, small parts, compressed air, Laval nozzle,
surface roughness, processing performance.

BBenenne. CrpyliHo-aOpasuBHasi 00paboTka MoNy4mja MPUMEHEHHE TIpH
obOpaboTke peraneil cinoxHOH KoHgurypamuu. OJHaKO WHTEHCHUBHBIM H3HOC
KaHaJIOB COIeJl, Yyepe3 KOTOpble NPOKAuYMBaeTCsi adpa3uBHAs CYCHEH3HUs, B psijie

CJIy4aceB OIrpaHU4YUBACT €€ 3(1)(1)€KTI/IBHOC HUCIIOJIb30BAHUEC.
© A.A. Anaunaxaii, 2021
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[TosTOMYy npHMeHHTENFHO K 00paboTKe MeNKMX jaeraied (maccoit mo 3 1)
Npe/IoKeH MeTOA abpa3svBHOW 00pabOTKM 3aTOIUIEHHBIMH CTpysiMH. Ero
CYIIHOCTh COCTOMT B TOM, YTO Yepe3 COIUIa IMPOKAYMBAETCS TOJIBKO CXKAaThIH
BO3/lyX, a aOpa3WBHBbIE 3€pHA, HaxoAsjlIMecs B aOpa3sUBHOM CYCIIEH3UH,
NPUCOETUHSIOTCS K CTPYSIM CXKAaTOr0 BO3JIyXa Mociie cpe3oB conen. CTpyu cxaTtoro
BO3/AyXa IMOAAIOT TAKUM 00pa3oM, YTOOBI JOCTHUTAIUCH 00padOTKa ¥ PaBHOMEPHOE
NepeMEIINBaHNE JeTalel, a Takke O00ecrneunBanIach COXPAHHOCTh BHYTPEHHHUX
MIOBEPXHOCTEH paboueil kKaMephl. YUWTHIBas HEIOCTATOUYHYIO W3YUYEHHOCTH ITOTO
MIPOTPECCUBHOTO MeTOAa 00pabOTKH, HACTOAMIAs paboTa MOCBAIIEHAa 000CHOBAHUIO
€r0 TEXHOJOTMYECKHUX BO3MOXKHOCTEH C TOYKH 3PEHHS IOBBIMICHUS KadyecTBa U
NPOU3BOJIUTENFHOCTH  00paboTKM, a Takke pa3pabOTKHM  MPaKTHYECKHX
pexoMeHaanuil.

AHaJIN3 OCHOBHBIX JOCTH:KeHHii W JurTeparypsbl. [Ipobnemam crpyiiHO-
abpa3uBHON 00PaOOTKM MOCBAIICHB MHOTOYHCICHHBIC HccienoBanus [1,2], Ha
OCHOBE€ KOTOPBIX CO3JaHbl CIICHHUAJIBHBIC YCTAHOBKU U ONPCACIICHBI ONITUMAJIbHBIC
YCIIOBUSI OCYLIECTBICHHsI TIpoliecca oOpaOoTku. [Ipy 3TOM yCTaHOBIEHO, 4TO
M3TOTOBJICHNE COMEN M3 M3HOCOCTOMKHMX MAaTepHalioB HE peIaeT MpoOieMbl uX
MHTEHCUBHOTO W3HOCa. [103TOMy KapAWHAJIBHBIM pEIICHHEM IIpoOIeMbl H3HOCA
COIIENl CTAJIO CO3/laHHe MeToja abpasuBHOW 00pabOTKM IeTaled 3aTOIUICHHBIMU
CTpYysIMH, Koraa aOpasuWBHBIC 3€pHa INPHCOCAMHSIOTCS K abpa3swBHOH CTpye 3a
npenenamu coma. B pabotax [3,4] ompeneneHBl OCHOBHBIC TEXHOJIIOTHYCCKUE
BO3MOXKHOCTH 3TOro Merofga o0Opabortku. OmHako aiast 0O0CHOBAaHHOTO BBIOOpa
palMOHATBHBIX YCJIOBUH 0OpabOTKHM HEOOXOAMMO TMPOBEJACHUE KOMIUICKCA
AKCIIEPUMEHTAJIbHBIX UCCIIEIOBaHMI KauecTBa M IPOU3BOIUTEILHOCTH 00pabOTKH.

Lenr wucciaeroBaHusi, NOCTaHOBKA 3aaauu. llemsio naHHOM paboOTHI
SIBJIIETCST 0OOCHOBaHHE yCJ'IOBI/If/'I TMOBBIIICHUA KadyeCTBa U MPOU3BOAUTCIIBHOCTU
abpa3uBHON 00PabOTKM MEJKUX [EeTajei 3aTOIUICHHBIMH CTpysMu. st 3Toro
HEOOXOIMMO BBISBUTH M PEaH30BaTh OCHOBHBbIC (DAKTOPBI, OIMPEICISIOIIHE
(YHKIIMOHMpOBaHME IIpoIlecca, pa3padoTaTh MaTeMaTH4YeCKHE AMITUPHUYECKHE
MOJIETIM IIEPOXOBATOCTH M MPOU3BOJIUTEIFHOCTH OOpaOOTKM M Ha HMX OCHOBE
OTIPEZIEINTh PAIMOHANIBHBIC HapaMeTpsl 00pabOTKM M pa3Mepbl KOHCTPYKTHUBHBIX
3JIEMEHTOB CTPYHHO-a0Opa3MBHBIX YCTAHOBOK IPHU MX ITPOESKTHPOBAHHUH.

Marepuaibl ucciaenoBanus. 1 pemeHus MOCTAaBICHHOW 3aJaud NPOBENICH
KOMIUIEKC SKCIIEPUMEHTAIBHBIX HCCIIEIOBAaHNII OCHOBHBIX ITapaMeTpoOB abpa3MBHOM
00paboTKH JeTajell 3aTOIUIEHHBIMHA CTPYSIMH Ha YCTAaHOBKE, TIOKa3aHHOW Ha pHc. 1.
SKCHepHMeHTaHBHO YCTAHOBJICHO, YTO IIJIOTHOCTH IIOKPBITUA CIICAaMH a6pa31/IBHI)IX
3epeH 00pabaThIBAEMOIi MOBEPXHOCTH JIETajn (PUC. 2) YBEIMYUBACTCS OT CEPEIMHBI K
ee kpoMmkam (puc. 3). CrenoBaresbHO, HAUOOJIbIIIAS HHTEHCHBHOCTh CheMa MaTepraa
npu abpa3suBHON 00pabOTKe 3aTOINIEHHBIMH CTPYSMH JOCTHTaeTCs Ha TOPIIOBBIX
MOBEPXHOCTSIX 00pabaThIBAEMBIX MEJIKHX JCTaNICH.

Ha 6ase mIaHEpOBAHHOTO APOGHOrO (akTopHOro Skcrepumenta 2:10° (1/8
PpeIIMKn) MIOCTPOEHBI MaTeMaTHYEeCKHe MOJIEIH oTIpeJieTIeHUs
HPOU3BOJUTENEHOCTH 00paOOTKM (B KadecTBE KPHUTEpHsl OLEHKH BBIOpaH
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MetamiockeM M B mr 3a 30 MuUHYT 00paOOTKHM) M LIEPOXOBATOCTH IOBEPXHOCTH
(10 xpuTepuio Ryay, B MKM):

0,313 D0046 0,002 0,833 0,16 0,088 0,4 0,074 0,009
a s e c c

_ a pasm
M =39,9 o , @)
0,27 0,083 0,028 0,277 0,136 0,09 0,04 0,273 0,143
R -7 4Va : Da -m, 22 Wooc 'dc N Dpam é’ (2)
max — 1 50’054 ’
Cx. -
BO3IL.
1
2
6
3
B
[| -4
R
5
-]

Puc. 1 — Cxema nabopatopHo# cTpyitHO-aOpa3uBHON YCTaHOBKH ¢ 00beMOM paboueit
kameps! 30 1: 1 — pabouas kamepa; 2 — COMIOBOM ammapaTt (3aBUXPUTENb); 3 — PEHIeTo s
neraneit; 4 — perreto s abpa3suBHOTO 3epHA; 5 — 0aK-OTCTOMHUK; 6 — XKeno0 s
CYCIICH3UU

a 7]

Puc. 2 — O6pasusl u3 natynu JIC59.1 B popme ancka nuamerpom 20 Mm
u tonumHo# 0,5; 15 2; 4 u 8 Mm: @ — 10 00paboTky; 6 — mocie 00paboTKH

rae V, — o0beM 3arpykaemMoro abpasusa, J;
D, — 3epHUCTOCTE aOpa3uBa, MM;
M, — eAMHUYHAS Macca 00pabaThIBaeMBIX JICTAJICH, T;
2 — cyMMapHas Macca 00pabaThIBaeMBIX JIETAJICH, KT
W, — 00beM 3anmBacMOi KUAKOCTH, JI;
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d; — nuamerp comeln, MM; Ng — KOJIXYECTBO COIIET,;

D a3 — TMAMETP pa3sMeNIeHHUsl COTIEN, M;

& — yron ocu coria K TOpU30HTY, TpaIyc;

0 — Yroj MexJIy OChI0O COIUIa W KacaTelbHOW K OKPY)XHOCTH B TOYKE €€

pa3MeleHus1, rpajayc.

Kak cmemyer w3 3aBucumoctu (1), Hambomnbimee BIMSIHAE HA
MIPOU3BOAUTENBFHOCT 00pabOTKH OKas3bIBaeT CyMMapHas Macca aeTtaneil 2 u B
MeHbIIeH Mepe mapameTpsl Ng, Vo u W,.. YCTaHOBICHO TarkKe HE3HAUYUTEIHLHOE
BIHMSHHAE 3EpHUACTOCTH abpasmBa D, Ha TPOW3BOAMTENHHOCTH abpa3uBHOU
00paboTKN 3aTOIUIEHHBIMHU CTPYSAMH (puc. 4, @), TOTJa KaKk B M3BECTHBIX METOIAX
CTpYiHO-a0pa3uBHON 00pPa0OTKU 3EPHUCTOCTH a0pa3uBa SIBIACTCS OMPEACISIOIINM
napaMeTpoM Ipoliecca.

2

S 20

S

S A 23 .
aa] / j

S 1o =t

5 N

)

2 s

é 0 2 4 6 8 10 12 14 16 18

= B Jlnamerp obpasna .

Puic. 3 — [1I0THOCTH C/IEI0B abpa3HBHEIX 3¢peH (B I0Ie 3peHns 0bbexTHsa — 0,07 MM2)
B IMaMeTPaILHOM HaIlpaBJICHUH 00pa3loB B popMe AUCKa MPH TOJIIMHE AUCKA:
1-40wmm;2—-2,0mmm; 3 —1,0 Mm; 4 — 0,5 Mmm

Kak cnenyer u3 3aBucuMOCTH (2), (akTHUEeCKH B OJMHAKOBOW CTEIECHH
OCHOBHOE BJIMSIHME HAa MaKCHMAJIbHYIO BBICOTY MUKPOHEPOBHOCTEl 00paboTaHHOM
MOBEPXHOCTH Rpax  OkaseiBatoT mnapametpel 2, Vi um D, Jlokazano, 4yrto
JOCTHraeMasi BBICOTA MHKPOHEPOBHOCTEH Rmax  (puc. 4,0) HaxomuTcs B
HETIOCPEICTBEHHOHW CBSI3M C MPOW3BOJUTEILHOCTEIO 0OPaOOTKH, NpECTaBICHHON
CHhEMOM METallla, ¥ CTAOMIN3UPYETCs ISl IAHHBIX YCIOBUIH 00paOOTKH MpH Rpyax =
3,4 MKM.
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Puc. 4 — Uccnenyemble mpaMeTpbl MEXaHOOOPaOOTKH: & — 3aBHCHMOCTh
MIPOU3BOUTEILHOCTH 00paboTKH M OT pasmepa abpa3uBHOro 3epHa D,; 6 — 3aBHCUMOCTD
BBICOTHI MUKPOHEPOBHOCTEN Ry OT pasmMepa abpa3suBHOTO 3epHa; 1 — pacueTHbIE KPUBbIE

Taxum oOpazom, pa3paboTaHHbIE obo01arorye SMIIUPUYECKHUE
MaTeMaTHYECKIe MOJEIH IapaMeTpoOB IpoIecca adpa3MBHON OOpPaOOTKH AeTaleid
3aTOMJICHHBIMU CTPYsIMU (M U Rpa) MAIOT IOCTATOYHO IOJHOE TMPEACTABICHUE O
TEXHOJOTHYECKMX BO3MOXKHOCTSAX TMpOIlecCa ¥ TO3BONSIOT TI0  KPHUTEPHSIM
HanOOJNBIICH MPOM3BOANTEIHPHOCTH M HAWMEHBIICH MIEPOXOBATOCTH IOBEPXHOCTH
ONPENIeTINTh  pAalHOHANbHBIE  MapaMeTpbhl  00paboTKH.  DKCIepUMEHTAIBEHO
YCTaHOBJICHO, YTO pealli30BaTh HAMOOJBINYIO IMPOU3BOIUTEIFHOCTh 00pabOTKH,
HampuMep, JUIsl 33IaHHOM IEPOXOBATOCTH MOBEPXHOCTU Ry = 3,4 MKM MOXHO
MPUMEHEHHEM CJIeTYIONINX YCIOBUH 00paboTku: 00beM 3arpykaemoro abpa3uBa —
0,18 n.; 3epuucrocTh abpasuBa — Ne 40; cymmapHas macca 0OpabaThIBacMbIX
netaneit — 0,4 kr; o0beM 3aMBaeMoil KUAKOCTH — 3,0 J1I.; TUaMeTp Comen — 2 MM;
KOJINYECTBO comes — 8; nuamerp pasmenieHus comnena — 110 MM, yros ocu comia K
ropu3oHTy — 25°%; yroa MekIy 0Chio COIUIA M KacaTelbHOM K OKPYKHOCTH B TOUKE
ee pasmemenus — 0...5° TlojydeHHbIE OSMIMPHYECKHE 3aBHCHMOCTH JUIS
OTIpeNIeNICHUs] TIPOU3BOJUTEIIFHOCTH OOpabOTKM W IIEPOXOBATOCTH IIOBEPXHOCTH
MO3BOJSIFOT ~ TPOWM3BOAWTH  BBIOOP  pPAlMOHANBHBIX  TEXHOJOTHYCCKHX U
KOHCTPYKTHUBHBIX  IMApaMETPOB M HAYYHO OOOCHOBaHHO TMOJXOIUTh K
NPOEKTHPOBAHUIO O0OpYAOBaHMS JUIsL OTHENIOYHOW aOpa3uBHOW 00pabOTKM
JleTajiell 3aTOIIEHHBIMU CTPYSIMHU.

Ha sroii ocHoBe pa3paboTano 3¢¢ekTuBHOE 000pYyAOBaHHE B BHUJIE T'aMMBbI
YCTaHOBOK (BaIJ_H/IH_IeHHBIX ABTOPCKUMMH CBHUIACTCIIBCTBAMH U HaTeHTaMI/I) JIIA
abpa3uBHON OTAETOYHON 0OpabOTKM MeENKOpa3sMEpHBIX JeTajeld 3aTOIUICHHBIMU
CTpysAMH, TIO3BOJIAIOIICEC JIMKBUAUPOBATH TPYAOCMKHE PYYHBIC 3a4YHWCTHBIC
ornepanuu, MOBbICUTh Ka4YC€CTBO, IMPOU3BOAUTCIIBHOCTD U CTaOMJIBHOCTH O6pa6OTKH
3a CYeT YJIy4YIICHUS TOBAPHOTO BUIA 00paOOTaHHBIX JETaJCH NP OJHOBPEMEHHOMN
00paboTke OOJIBIIOrO KOJMYECTBA JeTajedl C 3arpy3koil B pabouyio Kamepy
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«HaBajoM». Pa3paboTaHHBIE YCTaHOBKM O0ECIEYHMBAIOT BBICOKO3((EKTHBHYIO
HarpaBjeHHYI0 00pabOTKy TOPLOBBIX IOBEPXHOCTEH, IUIOCKUX IMOBEPXHOCTEH M
OJTHOBPEMEHHO TOPIOBBIX M IUIOCKMX IOBEPXHOCTEH JeTajed, a Takxke
o0ecreynBaoT yayqlIeHHe SPrOHOMUYECKHUX TIoKa3areneil o0paboTku 3a cueT ee
AaBTOMATH3allMM M MeXaHW3aluu. [IoBBIIICHHE KayecTBa W MPOU3BOJIUTEIEHOCTH
00pabOTKN TOCTUTAETCS 3a CUET NMPHUMEHEHHs CBEPX3BYKOBBIX HMPOQIIMPOBAHHBIX
coren JlaBas.

IIpoBeneHHBIE SKCIIEPUMEHTANBHBIC HCCICNOBAaHUS a0pa3uBHOW 00pabOTKH
JeTalieil 3aTOMJICHHBIMH CTPYSIMH Ha pa3padOTaHHON yYCTaHOBKE IOKA3aiH
BO3MOXKHOCTh YBEJNIMYCHUS MPOU3BOIAUTENBHOCTH 00paboTku (puc. 5) mpum
obecrieueHNH TpeOyeMOro KadecTBa 0OpaOOTaHHBIX MOBEPXHOCTEH aeTanei mo
CPaBHEHHIO C UCIOJb3yeMbIMH 0a30BBIMH ycTaHOBKaMH. B mpouecce o0paboTku
NPOUCXOJUT CKpPYTJICHHE KPOMOK JeTaiuei, yCTPaHSIOTCS 3ayCeHIbl, CIIeIbl
KOPPO3MH M Pa3Hble HEOJHOPOJHOCTH Ha 00padaThIBaeMbIX IOBEPXHOCTAX (pHC.
6), oOpa3yercsi OAHOPOAHAS MAaTOBasi IOBEPXHOCTD C IIEPOXOBATOCTHIO B TIpejieiax
R, = 0,8...1,25 MKM, ¢ YIPOYHSIONIUM HAKJIENOM (CKUMAIOIUMHU HAPSHKEHUSIMHU
TITyOUHOH 5—6 MKM).

20
S
0N 210
< N 3 N\
s N N\
39 BN 37 <
g 2 H- Ll L2 Ll
S 0 10 20 30 40 0 10 20 30 40
& Bpews obpabomku, 1, mun Bpems obpadomku, 1, mun
a 6

Puc. 5 — 3aBucumocTs cheMa MeTamia M I pa3IHIHBIX TIPOMEKYTKOB BPEMEHH
00paboTk t : a —TIpH UCTIONIB30BaHNH 0A30BOH YCTAaHOBKH; O — IIPH HCCIIOIB30BHAN
pa3paboTaHHOH ycTaHOBKH. Y cioBUsI 00paboTku: mmd3epro 63C; 3epHUCTOCT a0pa3uBa
6311 (630 MmxM); maBneHHe cxxatoro Bozmyxa 0,5 MIla; yron HakIoHa ocelt comen K
ropu3onTy 10°; coruoBoii ammapat 6a30BO# YCTAHOBKH OCHAIIEH [IHHIPAISCKIMHA
COIUIaMHU JUaMeTPOM 2 MM, BHOBb pa3pab0OTaHHOW YCTaHOBKH - comiamu JlaBass ¢
KPUTHUYECKUM CEYEHUEM 2 MM
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[IpoBeseHHBIE UCHBITAaHUSA Pa3pabdOTAHHBIX ~ YCTAHOBOK —IOKa3ald, YTO
Omarozapsi HOBBIM TEXHHYECKHM DEIICHMSIM B KOHEYHOM HTOTe yhanoch Ha 62%
TIOBBICUTDH TIPOU3BOJHUTEIFHOCTE OOPaOOTKH TPH 00ECIICUYCHUH BHICOKOTO KadecTBa
00pabaTbIBacMBIX MOBEPXHOCTEH. [Ipu 3TOM yCTaHOBJIEHO, YTO 3a CUET CO3JAHUS
JOTIONTHATEIBHOTO ~ HCTOYHMKA IEPEMEIIMBAaHMSA  00pabaTblBacMbBIX  JETaleH,
00ECIICUNBAONIETO YBEIMYEHHE KOJIMYECTBA OJHOBPEMEHHO 00pabaThIBaeMBIX
JeTarnel, IPOU3BOAUTEIFHOCTh 00paboTkH BhIpocna Ha 10%. YcTaHOBICHO Takxe,
yro Onarojaps yJy4IIeHHIO KayecTBa aOpa3sMBHOTO MaTepHala, 3a CUeT OUYUCTKH OT
OTXOJIOB, a TaKXe WCIONB30BAaHUSI YHUCTOH BOJBI, JIOCTUTHYTO YBEIMYECHUE
MPOU3BOAUTENHLHOCTH 00pabOTKH B cpetHeM Ha 5 %.

3HAYUTEBHBIA TPUPOCT MPOU3BOIUTEILHOCTH 00paboTku (Ha 39 %) momydyeH
B pe3yJibTaTe 3aMEeHbI COMeJ ¢ LWIMHAPHYECKHM KaHaJOM Ha Npo(WIMpOBaHHbBIC
cBepx3ByKoBble comua JlaBamsa. IlpumeHenume corura JlaBams cTamo BO3MOXKHBIM
IWIe  Onmarojapsi WCIOJb30BAHHWIO TPHUHIMIIMAIBHO HOBOW CXEMBI CTPYHHO-
abpa3uBHOI 00pabOTKU — abpa3MBHOM 00PaOOTKH JeTaeil 3aTOIICHHBIMU CTPYSIMH,
MCKJIIOYAIOIIEH M3HOC KaHAJIOB COIENT IIOTOKOM aOpasWBHBIX 3€peH, T.K. IpH
WCTIONTb30BAaHNM TPATUIMOHHBIX CXEM CTpPYHHO-aOpa3suMBHON 00paboTKH ‘‘y3KkuM”
MECTOM (IIOABEP’KEHHBIM MOBBIILIEHHOMY H3HOCY) B TPO(MIMPOBAHHOM COILIC
SIBJISICTCS €r0 KPUTUUECKOE CEUCHHE.

[IpakTHKO#l yCTaHOBIEHO, YTO A(PQPEKTUBHON OOJACTHIO MPHUMEHEHHS
abpa3uBHON 00pabOTKU 3aTOIUICHHBIMU CTPYSAMH SIBISIeTCS 00paboOTKa wmemkux
TOYHBIX JeTalell Majol JKeCTKOCTH U CIOXKHOW KOHQUIYypalu paauo- |
INEKTPOTEXHUYECKOH MPOMBIIIJICHHOCTH, MPUOOPOCTPOCHHS, TOYHOH MEXaHUKH,
OINTHKO-MEXaHUYECKOTO MPOM3BOACTBA, NMPELU3UOHHBIX JETaleld, UCIOIb3yeMbIX
JUIT  HaHOTEXHOJIOTHMH, OOIIEeMallIMHOCTPOUTEIFHOTO Ha3HAYeHUs U JAeTaled
FOBEJIMPHBIX U3/ICIHUH U TePaNbIUKH.

[IpoMbInUICHHBIE MCTIBITAHUS Pa3paOOTAHHBIX YCTAHOBOK MOKA3aJld, YTO 3a
CUET COXPaHHOCTH KaHAJIOB COIEN o0eclieunBaeTCs X HaJexHas 1 OecriepeOoiiHas
paboTa, IpaKkTHYECKH HE HYXKJAIOMAscsi B TEXHHYECKOM OOCITy)KHBaHWHU.
YcTaHOBIIEHO, YTO 32 BPEMSI BHINTOJHEHHS ornepanuy (MpuOiusuTensHo 40 MUHYT)
OCHOBHOE (MamIMHHOE) BpeMs cocTaBisgeT 30 — 35 MUHYT, T.e. OlepaTop 3aHAT Ha
o0cCIy>)XHUBaHMHM OJHON ycTaHOBKH 5 — 10 MuHyT. CnemoBaTenbHO, B YCIIOBHSX
y4acTKa OTACI0YHON 0OpabOTKU OIepaTop MOXKET OJHOBPEMEHHO OOCIYKHBATh
TPHU TaKUX YCTAHOBKH C MOCJIEA0BATENLHBIM 3aIIyCKOM HX B Pa0oTy.

[Ipou3BoAnTEIbHOCT, O0pPabOTKH MENKUX JeTaneil Ha pa3paboTaHHBIX
YCTaHOBKax MO CPAaBHEHUIO C WX TPAAMIMOHHOW PYYHOH HEMeXaHH3MPOBAHHOW
00paboTkoii MoxeT ObITh yBenwueHa J0 66 pa3. Bce 3aBucuT OoT KosmuecTBa
0o0OpabaThIBa€MBIX JeTajel: ¢ MX YyBEIMYCHHWEM IIPOU3BOJHUTEILHOCTE PE3KO
YBEIMYMBACTCA. DTO, €CTECTBEHHO, II03BOJISIET HCKIIIOUNTH TEXHOJOTHYECKHE
orepali Ha MPEANPUSATHH, CBSI3aHHBIE C PYYHOW OTAEIOYHOHM (3a4MCTHOI)
00paboTKOM JaHHBIX JIeTalel, 1 YMEHBIIUT YNUCI0 PAaOOYMX HA 3TUX ONEpaLusX.
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Puc. 6 — BHemnuii Buz fetaneii U3 pa3nudHbIX MaTEpHUAIIOB JI0 M IOCIe 00pabOTKu:
a— aroMHHHH; 6 — ctasb-3; B — natynb JICS9.1; r — Gepuimeas 6ponsa bpb2;
Il — ctaib 3; e — TuTaHoBbIN ciutaB BT-1; x — matyss J163; 3 — nypamtomus /116.
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BoiBogbl.  DKCHEPUMEHTIBHO  YCTaHOBIEHO,  4YTO  HauOoJbIIas
MHTEHCUBHOCTh CheMa MaTepuajia NpH abpa3uBHOW 00pabOTKe 3aTOIUICHHBIMHU
CTPYSIMH JOCTHI'aeTCs Ha TOPLOBBIX ITOBEPXHOCTAX 00padaThIBAEMBIX MEIKHX
JeTajel, 4To MO3BOJIIET B IIEPBYIO OYEePEab PEKOMEHIOBATh MPEIaraeMblii METO
IUTsT 00pabOTKH TOPIIOBBIX MOBEPXHOCTEH MEIKOpPa3MEpHBIX NeTaliei. PaspaboTaHsr
0000MIarone IMIMPUIECCKHE MaTeMaTHIEeCKHEe MOJENH IMapaMeTpOB a0Opa3MBHOM
00paboTKH JeTajieil 3aTOIUICHHBIMU CTPYSIMH, KOTOPBIC IIO3BOJIIOT IO KPHTEPUSIM
HauMEHbIIEH IIEPOXOBATOCTU MOBEPXHOCTH W HaWOOJbLIEH NMPOU3BOAUTEIHLHOCTH
OIIPENIeNIUTh  palMOHANBHBIE IapaMeTpbl 00pabOTKM W NPOM3BECTH  BHIOOD
KOJIMYECTBA M Pa3MEPOB KOHCTPYKTHUBHBIX JJIEMEHTOB YCTaHOBOK NpH HX
NPOEKTUPOBAHUH. Y CTaHOBICHO, 4YTO B Ipolecce 0O0pabOTKM HPOUCXOIUT
CKpYTJIEHHE KPOMOK JIeTaleH, YCTPaHSIOTCsl 3ayCEHIIbI, CIeibl KOPPO3UH U pa3HbIe
HEOJHOPOAHOCTH Ha 00pabaThIBaeMbIX IOBEPXHOCTAX, 00pa3zyeTcss OXHOpPOIHAs
MaToBasi MOBEPXHOCTh C IIEPOXOBATOCThIO B mpenenax R, = 0,8 — 1,25 mxmM, ¢
YIPOYHSIOIIMM HAKJICTIOM (C)KUMAIOLIIMMH HAIPSOKCHUSIMU TIIYOUHOH 5 — 6 MKM),
CYILECTBEHHO YMEHBINACTCS TPYAOEMKOCTh 00pabOTKH.
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YCJIOBHUSA NOBBILNEHUS DOPEKTUBHOCTHU
BBICOKONIPOU3BOJAUTEJIBLHOU OGPABOTKH

IlpuBeneHO aHAIUTHYECKOE pEIICHHE 00 YCIOBUSIX  YMCHBIICHHS TEXHOJIOTHYECKOi
cebecTouMOCTH 00pabOTKH M BO3MOKHOCTH PEan3aluy BBICOKOCKOPOCTHOTrO pe3anus. [okazaHo, uTo
CKOPOCTh PE3aHMsI OrPaHHYCHA SKCTPEMYyMOM (MHHHMYMOM) ce0ecTOMMOCTH O0OpabOTKH. YBEIHYHThH
CKOPOCTb PE3aHHs U PEaln30BaTh YCIOBHS BHICOKOCKOPOCTHOI 00PaOOTKH MOXKHO 3a CHET ITOBBILICHHUS
CTOMKOCTH PEXYILIEro HMHCTPYMEHTa IIyTeM IIPUMEHEHHs Oojiee MPOYHBIX U HM3HOCOCTOMKHX
HHCTPYMEHTAIBHBIX ~MAaTepUajoB W MHOKPHITHA HHCTPYMEHTOB, XapaKTEPH3YIOUIUXCS HHU3KHM
KOO PUIHEHTOM TPEHHSL.

KiroueBble  cjIoBa:  BBICOKOCKOPOCTHast ~ 00paboTKa, HMHCTPYMEHTAJbHBIH  Marepual,
ce0eCcTOMMOCTE  00pabOTKH, CKOPOCTh pe3aHus, TeMIepaTypa pe3aHus, IPOU3BOAUTEIHHOCTH
00paboTKu.

®.B. HOBIKIB, O.C. KJIEHOB
YMOBH NIABUIIEHHA E®EKTUBHOCTI BACOKOBUPOBHAYOI OBPOBKHU

HaBeneHo aHamTHYHE PIllIEHHS OO0 YMOB 3MEHIIEHHS TEXHOJIOTIYHOI co0iBapTOCTI 00pOOKH Ta
MOYKJIMBOCTI peanizanii BUCOKOMIBHUAKICHOTO pi3aHHs. [lokas3aHo, 1[0 IIBHUAKICTH pi3aHHsS OOMexeHa
eKcTpeMyMoM (MiHIMyMOM) coGiBapTocTi 0OpoOKH. 30IMBIINTH IIBHAKICTh Pi3aHHS Ta peajidyBaTé
YMOBH BHCOKOIIBHJIKICHOT 0OpOOKH MOKHA 32 paxXyHOK IiABUIIEHHS CTIHKOCTI Pi3aJIbHOrO IHCTPYMEHTY
LIIAXOM 3aCTOCYBAHHS OUIBII MIlJHUX Ta 3HOCOCTIMKHX IHCTPYMEHTaJIbHHX MaTepialliB Ta MOKPHUTTIB
IHCTPYMEHTIB, 110 XapaKTePU3YIOTHCS HU3bKUM KOe(]illiEHTOM TepTs.

KmodoBi cmoBa: BrcokomBuakicHa o00poOka, iHCTpyMEHTanbHMI Marepial, coOIBapTiCTh
00pOOKH, IBUJIKICT pi3aHHs, TEMIIEpATypa pi3aHHs, TPOAYKTUBHICTH OOPOOKH.

F.V.NOVIKOQOV, O.S. KLENOV
CONDITIONS FOR INCREASING THE EFFICIENCY OF HIGH-PERFORMANCE
PROCESSING

An analytical solution is given on the conditions for reducing the technological cost of processing
and the possibility of implementing high-speed cutting. It is shown that the cutting speed is limited by
the extremum (minimum) of the cost of processing. It is possible to increase the cutting speed and
implement high-speed machining conditions by increasing the tool life by using stronger and more
wear-resistant tool materials and tool coatings characterized by a low coefficient of friction.

Key words: high-speed machining, tool material, machining cost, cutting speed, cutting
temperature, machining productivity.

Beenenne. CoBpeMeHHble MeTaulopexymue craHku ¢ UIIY  Tuma
“00pabaThIBAONINI IICHTP” PEANU3YIOT YCIOBUS BBICOKOCKOPOCTHOTO pE3aHMS,
YTO OTKPBIBACT IIMPOKHE BO3MOXKHOCTH TIOBBIIICHHS TOYHOCTH, KadecTBa W
MPOM3BOIUTEIHHOCTH 00paboTku. OHAKO, KaK MMOKa3bIBaeT MPaKTHKa, 00paboTKa
B YCIOBHSAX BBICOKOCKOPOCTHOTO pE3aHHMS XapaKTepU3yeTCs MOBBIIIEHHON

TEXHOJIOTHYECKON ce0eCTOMMOCTBIO, YTO HUBEIHPYET MPEUMYIIIECTBA STOTO
© ®.B. Hosukos, O.C. Kienos, 2021
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MIPOTPECCUBHOTO MeTosa 00pabOTKH. B cBS3M C 3TUM aKTyanbHOW SIBISIETCS
npoOyieMa IOWCKa HOBBIX TEXHOJIOTHYECKHX PEIICHHH, 00ecTeunBaroInX
CHIDKEHHE Ce0eCTOMMOCTH OO0paboOTKH 0e3 CHIDKEHHS IapaMeTpoB TOYHOCTH,
Ka4yecTBa M MPOHU3BOJUTEIBHOCTH OOPAaOOTKH B YCIIOBHSX BBICOKOCKOPOCTHOTO
pe3aHus.

AHaJIN3 OCHOBHBIX JOCTHKEHUH M JUTepaTyphl. 3aJadll TEOPETUIECKOTO
OTIPEZICTICHNUSI YCIIOBHI yMEHBIICHUSI TEXHOJIOTHIECKOH C€0ECTOMMOCTH OCBEILICHBI
B paborax [1-3]. Bmecre c¢ Tem, IOJy4YeHHbIE pEIICHHS OCHOBaHbI Ha
UCIIOJIB30BAaHUM SMIMPUYECKUX 3aBUCUMOCTEH IS OIpeAeneHus CToilkocTu
PEeXYIIEro HMHCTPYMEHTa, CIPaBEUIMBBIX JJISi YacTHBIX YCJIOBHH 00paboTKH.
Kpome Toro, ucnombp3zyemble SMIHPUYECKHE 3aBUCHUMOCTH COJIEP)KAT JIUIIb
napamMeTpsl peXuMa pe3aHus, Torga Kak CTOMKOCTh MHCTPYMEHTA 3aBHCUT OT
Pa3IMYHbIX (PU3NIECKUX (AKTOPOB, YUET KOTOPBIX MO3BOJII OBI MONYyYHTH OoJee
o0Ipe TeopeTHYecKHe peIIeHHs W O00OCHOBaTh OCHOBHBIE IYTH CHIDKCHHS
TEXHOJIOTHYECKOI ce0eCTOMMOCTH 00pabOTKM B YCIOBHSAX BBICOKOCKOPOCTHOTO
pe3anust. IlosToMy TeopeTHHecKHil aHAIM3 TEXHOJOTHYECKOH ceOecTonMoCTH
00paboTKN C MO3HMIHMH AHAIUTUYECKOTO MPEACTABICHUS CTOMKOCTH MHCTPYMEHTa
MO3BOJIUT 0OoJiee TOJHO PACKpPBITh TEXHOJOTHYECKHE 3aKOHOMEPHOCTH U
BO3MOXKHOCTH BBICOKOCKOPOCTHOW 00pabOTKM 10 KPHUTEPHIO CceOEecCTOMMOCTH
00paboTKH.

Leab wuccienoBanHusi, MocTaHOBKa 3aaauM. llenblo paboTHl sBIsiETCS
000CHOBaHUE YCJIOBUI YMCHBIICHHS TEXHOJIOTHYECKOH ce0ecTOMMOCTH 00pabOTKU
Ha OCHOBE MAaTEMaTHYECKOI'0 MOJEIHPOBAHUSA TEXHOJIOTHYECKHE 3aKOHOMEPHOCTH
U BO3MOXXHOCTH BBICOKOCKOPOCTHOM 00paboTku. Pabora sBhseTcss pa3BUTHEM
paboT Mo UCCIEIOBAHUIO TEXHOIOIUIECKON cebecTonMocTH 00paboTku [4-6].

Marepuanbl ucciaegoBaHusl. [ JIOCTIKEHUS TOCTABJICHHOM — LENU
BOCTIOJIB3YEMCSI 3aBUCUMOCTBIO IS OTIPE/IeNICHHs] TEXHOJIOTNYECKOH ceOecTOMMOCTH
06pabotku C mpu IPOJOIBHOM TOYCHHH JULSI TPEX OCHOBHBIX M3MEHSIFOLLUXCSI CTaTeH
3aTpaT, YUYUTHIBAIOIIMX 3aTPATHI 0 3apabOTHOM I1aTe pabouero 3a 0OpaboTKy mapTin
JieTanei U 3aMeHy M3HOLLIEHHOIO0 MHCTPYMEHTA, a TAKXKE 3aTpaThl HA UHCTPYMEHT [4,6]:

C=N-t,-S,,. -k+N,-t,-S,. -kK+N,-I, 1)

uac

rae N,N,— konudecTBo 0OpabaTblBaeMbIX AeTajell U MOTPEOIAEMBIX PEXYIIUX
HUHCTPYMEHTOB;
ty — OCHOBHOE TEXHOJIOTUYECKOE BPEMsI 00paOOTKH, MUH;
S, .c— TapubHas cTaBka pabouero, pH/MUH;
k— koadouuneHT, yuuTHIBAIOIMI BCEBO3MOXKHBIE HAYUCICHHS Ha
Tapu(HYIO CTaBKy padodero;
t,— BpeMs, 3aTpauMBaeMO€ Ha CHATHME 3aTyNMBIIErocsi MHCTpyMmeHTa [1],
MUH;
[] — 1leHa MHCTPYMEHTa, TPH.
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C yuerom cootnomenuit ty =3/Q u N -ty = Ny - T monydeno:

C=N—2 s kiN.—2 (t°'S”“”'k+U),

. . 2
V-t-S " V-t-S T @)

rre Q=V -t-S— Npou3BOAUTENHLHOCTE 00pPaOOTKK (IIPU MPOJOIEHOM TOYECHUH),
M/c;
V — ckopocTb pe3aHus, M/MUH;
t — yOuHa pe3aHus, M;
S — momaua, M/00;
T — CTOMKOCTB PeXYILIEro HHCTPYMEHTA, C.
CTOMKOCTD PeXyILEero MHCTpyMeHTa T MOXHO NPE/ICTaBUTh:

TZV_’ 3)

rae h — nnuHa miomaaku u3HOCA Ha 3aAHEH TOBEPXHOCTH UHCTPYMEHTA, M;

V,;,, — CKOPOCTh H3HOCA MHCTPYMEHTA Ha 3a/{HEH TIOBEPXHOCTH, M/C.

Torna 3aBUCUMOCTS (2) ONHUIIIETCS:
19 "9 (tc 'S'-lﬂC .k+u)'VlBH

C=N-—2—.S__k+N- :
V-t-S Vt-S h

4)

Kak BHIHO, C yBENHUYCHHEM MapaMeTpoB pexkuma pesanust V, t, S u T
(umu h) ceGecroumocts 006pabotkn C Gymer ymenbmarses. OMHAKO TPH 3TOM C

yBeinueHueMm V , t, S, oueBuaHO, OyneT yBenudmBaTbes V,,, U YMEHBIIATHCS

H
T, uro mpuBener k yBemmuenuto C. CremoBarensHo, B 00mIeM ciydae
cebecroumocts  00pabotkn  C  OymeT HM3MEHATHCS 1O  IKCTPEMAaTbHOM
3aBUCUMOCTHU, MOPOXOAd TOYKY MHUHHMYMaA. IIJ'ISI OMPECACIICHNUS OJKCTPEMAJIbHOI'O
sHadeHuss C BBIpa3sMM CTOWKOCTH PEXYIIEr0 WHCTPYMEHTa T OMIMPUYECKOM

3aBHCUMOCTBIO [1]:
=L (5)

AL ARE L

rie C,,m;,q,p— IOCTOSHHBIE [JIs OIpPEIENeHHBIX YyClIoBUI o00paboTku (

m >p>q;m >1).
B pesynbTarte 3aBUCHMOCTD (2) NPUMET BHI:
(tC i Sqaz‘ ) k +U)

g S, k+N-g.ymt.gat.gpt. le Twe 7 A/ (G)
V-t-S c,

C=N-
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IMockonmbky My >1, p>1, <1, To ckopocTh pesanuss V u momasa S

HEOJHO3HAYHO BIMSIOT Ha cebectouMocTh oOpabotku C, T.e. CyIIECTBYIOT
skctpemyMsl  ¢yukmuu C  or mepemennsix Vwu  S. Jdust  onpeneneHus
9KCTpEeMaNbHbIX 3HaueHwit Vwu S ciemyer momgumuuTs GQyHKImioo C
HeoO0XoAUMBIM ycloBuAM 3kcTpemyma: C,, =0; Cg =0. Torna

-N- 2‘9 .SW.k+N.l9.(m1_1).vm172.tq—l.sp—l.wzo;(7)
VZ.t-S C,
9 4 ovat coo (oS, k+1I)
—N- .S k+N-9-(p-1)vym?t.tat.gp2 ¢ Twe 7 T/ _0 (8
V.t.Sz wac + (p ) C ()

4

ITocne nmpeobpazoBaHwii MOITydeHO:

(tc i Sltac i k +H)
¢,

(tc i SL{HC i k +U)
C,

-N-9-S,,. -k+N-9:(m, -1)-V™.t?.S°. =0; (9

-N-9-S,,. -k+N-9-(p-1)-v™.t?.5". =0. (10)

Kak BUAHO, PCHICHUCM CHUCTCMBI ypaBHeHI/Iﬁ SIBJIIETCS YCJIOBHE My =P .
OI[HaKO, KaK yCTaHOBJICHO 3KCHEPUMEHTAIbHO, My > P . CHCHOB&TCHLHO, JaHHOC

penienue JmimeHo (uandeckoro cmbicia. Takoe ke HEOINpPEAENeHHOE peIICHHe
nonydeHo B pabore [3]. UroObl yiiTH OT HeEONpeneleHHOCTH, HEOOXOIUMO B
KadyecTBEe EPEMEHHON BEeTMYMHbBI pACCMaTPHUBATh IPOU3BOAUTEIBHOCTE 00PabOTKH
Q=V-t-S, ane ee kommonentsl V u S . Torma 3aBUcHMOCTS (2) IPUMET BHIL:

m -4 t.S.. K
C:N'ﬁ'sqm"k"l‘N' Q _(C ac +U) . (11)
Q tmrq ,Smrp C4

W3 3aBucumoctu (11) BeITekaeT, 4T0 MHHHUMYM Ce0ECTOMMOCTh 00pabOTKU
C Oymer mocTurathCsi MpH IKCTPEMAIBHOW IIPOU3BOMUTEILHOCTH 00paboTKH

QaKcmp ¥ MaKCHMAJIbHO BO3MOKHBIX 3HAUCHHUSIX TNTyOWHBI pe3aHus t U mojaun S .

Hogunnss ¢pyakiuo C HEOOXOAMMOMY YCIOBHIO SKCTPEMyMa C('g =0 mosryueHo:

1
S ' kK-C,y - o™
} = uac .§MP . gmd ; 12
Qa/{cmp |:(tc . Stmc k+ L() (ml _]_) :| ’ ( )
N-9-S -k 1
Coun = we 2014 : (13)
oncmp |: (ml B )j|
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Kaxk cnenyet n3 3aBucumocteit (12) u (13), yBenn4uTh stcmp Y YMEHBIIHUTD

MHMHHUMaJIbHOE 3HaueHHe ce0ecTOMMOCTH 00paboTkH  C;, MOKHO TJIaBHBIM
o0pazoM 3a cyeT yBenudeHHs BenuduHel C,, 3aBUcAlEd OT (H3HKO-

MCXaHHYCCKUX CBOMCTB HWHCTPYMECHTAJILHOTO  MaTepuaja. 3KCTpeMaJ'ILHOG

3HA4YCHUC CKOpOCTU pe3aHuAa Vakcmp OIpCACIIACTCA us3 3aBUCHUMOCTHU

Voremp = Qoxemp 11+ S . Cnenosarensho,  yBenuuenne V.. OTPaHHYEHO

SKCTPeMyMOM (MUHUMYMOM) cebectonmocti 06pabotku Cpy, . YBennuuts V.,

¥ COOTBETCTBEHHO PEAIM30BaTh YCIOBUSI BEICOKOCKOPOCTHOH 00pabOTKM MOXKHO B
OCHOBHOM YBEJIMUCHUEM BeJUuMHBl C, 3a CueT NpUMEHeHHs Oojee IPOYHBIX U

M3HOCOCTOMKHMX MHCTPYMEHTAIBHBIX MaTepHasiOB M MOKPBHITHI HHCTPYMEHTOB.

Jns packpeITUst (U3MYECKOW CYNTHOCTH IOJyYCHHOTO PEUICHHS INPOBEIEM
€ro aHalmW3 Ha OCHOBE AHAIMTHYECKOM 3aBUCHMOCTH JUI1 OMNpEICICHHS
TEMIIEPATYPhI pE3aHUs, BOZHUKAIOILIEH Ha 3aHEH MOBEPXHOCTHU pe3la [6]:

O="F-HV- (14)
rre f — ko3 ¢unment rpenus pesna ¢ 00padaThIBAEMBIM MaTEPHAIOM;
HV — tBepmocTh 0GpaGaTbiBaemoro Matepuana (o Bukkepey), H/m?;
C — yJelbHas TeII0EMKOCTh o0pabaTeiBaemoro Matepuana, Jx/(kr-K);
p — IUIOTHOCTB 06PaGaTHIBAEMOrO MATEPHAa, KI/M>,
A — KO3(DQUIMEHT TEIIOMPOBOIHOCTH 00pabaTeiBaEMOro MaTepHaa,

B1/(MK).

Kaxk BuHO, TIpH 3a1aHHOM TeMIiepaType pe3anus & CyIeCTBEHHO YBEINYUTH
CKOpoCcTh pe3anuss V © TakuM 0Opa3oM OCYIIECTBUTh BBICOKOCKOPOCTHYIO
00paboTKy MOKHO YMEHBILIEHHEM JBYX napamerpos — f u h 3a cdyer npumeHenus

HHCTPYMEHTAJIBHBIX MAaTEPHUAJIOB, XapaKTePU3YIOMUXCA HU3KUM KO3 PHIHEHTOM
TPEHUSI U BBICOKOM U3HOCOCTOMKOCTBIO, HAIPUMED, CUHTETUYECKUX CBEPXTBEPIBIX
MaTepuaaoB (aima3, 3a600p © T.1.), TBEPAbIX CIUIABOB C H3HOCOCTOWKUMHU
TMOKPBITUAMHU. YMeHblIeHne JUIMHBI IIJIOIIaAKHW HM3HOCAa Ha SaﬂHeﬁ TMMOBEPXHOCTHU
UHCTpyMeHTa h mpenmonaraeT yMeHbIIEHHE CTOMKOCTH PEXYLIEr0 MHCTPYMEHTA

T . Ecnu npencrasuts V,,, =k, -V™ -t"-S™ (rne k;, n, n,, ng — Benuunnsl,

U3H
3aBHCAMINE OT (PU3MKO-MEXaHMYECKUX CBOMCTB MHCTPYMEHTAJIHHOTO MaTepuaia),
TO C YI€TOM 3aBHCHUMOCTH (3) 3aBUcHMOCTS (14) mpumer BuA:

2-k1-T~V”1*l-t“2 .§M
c-p-A

O="f-HV.

(15)
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Otkyna

c-p-A-62
T= .
2k1' fz'HVZ'an+l~tn2 .Sn3

(16)

CpaBuuBast 3aBucumoctd (5) u (16) BUIHO, 4YTO IO CTPYKTYpe OHH
(haKTHYECKH HASHTHYHBI, pacCCMaTpPHUBas

c-p-A-6?
Cj=—>nt=z- - 17
f7 2k, 2 HV?2 o

Taxkum 00pazoM, MOIydIEHHOE aHATUTHIECKOE PEIICHUE T03BOJISIET PACKPHITH
(bu3MYeCcKyI0 CYLIHOCTh MOCTOSHHOM BenuuuHbl C, (KOTOpas yCTaHaBIMBAETCS

SKCIEPUMEHTANbHBIM  IYyTE€M) W  ONpPENeNUTh  YCIOBHUSA  OCYLIECTBICHHUS
BBICOKOCKOPOCTHOH 00pa0OTKH, KOTOpBIE, KaK YCTAHOBJECHO BBIIIE, COCTOSAT B
yBenuuenun C,. CormacHo 3aBucuMocTd (17), OHM peamusyloTcsi 3a CYer

YBEJNYCHUS IPEICIIBHOM TEMIIEpaTyphl pe3anus 6 u yMeHbleHHs Ko duinenTa
TpeHus f .

W3 3aBucumoctn (16) BEITEKAaeT, YTO CTOUKOCTh PEXYIIET0 WHCTPYMEHTa T
00yCIIOBIICHA TeMIIepaTypHBIM (akTopoM. Uem Oouiblie mpezenbHas TeMIepaTrypa
pesanus @ UL pacCMaTpPUBAaeMOr0 MHCTPYMEHTAaIbHOTO MaTepHalia, TeM GoJiblie
T . [IpuueM, HanuuMe KBaAPaTHIHON 3aBUCHMOCTH MeXAy T W 6 yka3piBaeT Ha
CYIIECTBEHHOE BIUSHHE (PHU3UKO-MEXaHWIECKUX CBOWCTB HMHCTPYMEHTAJIBHOTO
Marepuaia Ha CTOMKOCTb peXyIlero MHCTpyMeHTa T . Takoe e CyllecTBEHHOE
BIMSHAE Ha T  OKa3biBaeT W KOI(PQUIMEHT TpeHWs MHCTPYMEHTa C
obpabaTtpiBaeMbiM Matepuaiom f: uwem ™enmpme f, Tem Oompme T, a

COOTBETCTBEHHO M  TPOM3BOJMTENBHOCTh  00paboTKH  Q,. (0, U MEHbBIIE

TEXHOJIOTUYecKas ce0ecTonMocTb 00paboTku Cyip -
BeiBoabl. B pabore momyueHO aHAIMTHYECKOE DEIIEHHE 00 YCIOBHAX
YMEHBIIEHUS] TEXHOJIOTHYECKOH ce6eCTOMMOCTH OOpabOTKM M BO3MOXKHOCTH
peau3aly BBICOKOCKOPOCTHOrO pe3anus. IlokazaHo, 4TO CKOpDOCTh pe3aHus
OoTpaHHueHa PKCTPEeMyMOM (MUHUMYMOM) ce0eCTOMMOCTH 00paboOTKU. YBEIUYUTH
CKOPOCTb PE3aHHUs M PEan30BaTh YCJIOBUS BHICOKOCKOPOCTHONH 0OPabOTKM MOKHO
3a CYET TOBBIIIEHHS CTOMKOCTH PEXYIIEro HMHCTPYMEHTA IyTEM HPHMEHEHHsS
6osee MPOYHBIX M W3HOCOCTOMKMX MHCTPYMEHTANILHBIX MATEPUAIOB M TOKPBITHIA
MHCTPYMEHTOB, XapaKTePU3YIOLINXC HU3KUM KO3 (DUIMEHTOM TPEHUS.
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FEATURE-ORIENTED PROCESS OPTIMIZATIONS

The example of structural and parametric optimization of the functionally-oriented technological process
machining of mold’s parts is described in the article. The most essential criteria of optimization are
wearproofness, fatigue strength, contact stiffness and corrosion resistance of production. In the article
the brought methodology over of researches and algorithm of optimization.

Keywords: functionally-oriented technological process, optimization, wear resistance, residual
stress, contact stiffness, corrosion resistance, coefficient of friction, CAF- system

B.CTYITHULIKUI
OYHKIIMOHAJBHAS ONITUMM3ALIUS IPOLIECCA

B cratbe omnmcaH mnpumep CTPYKTypHO-IApaMETPHYECKOW ONTHMHU3ALUHM  (DyHKIHMOHAIBHO-
OPHEHTHPOBAHHOTO TEXHOJIOTHYECKOTO Tpolrecca o0paboTku geraneid mpecc-popmel. Hambonee
CYILICCTBEHHBIMU KPUTEPUSIMH ONTHMM3ALMU SBJISIOTCS H3HOCOCTOMKOCTb, YCTAJIOCTHAs HMPOYHOCTb,
KOHTAaKTHAsl JKECTKOCTh M KOPPO3MOHHAsI CTOMKOCTh HPOAYKLHU. B cTarbe mpuBeaeHa METOROIOTHUS
HCCIICI0BAHUH ¥ JITOPUTM OITHMHU3ALUH.

KuaroueBbie  c10Ba:  (yHKLMOHAJIbHO-OPUEHTUPOBAHHBIM  TEXHOJIOTMYECKUI  mpolecce,
ONTHMHM3ALHsA, M3HOCOCTOMKOCTb, OCTATOYHOE HAMPSDKEHHE, KOHTAKTHAs JKECTKOCTh, KOPPO3HOHHAs
CTOHKOCTB, K03 duruent tpenus, CAF-cucrema.

B.CTYITHULIbKA )
ONTUMI3ALIIA TPOLECIB, OPIEHTOBAHA HA ®YHKIIIi

VY crarTi HaBe[EHO MPHUKIA]] KOHCTPYKTHBHOI Ta MapaMETPHYHOI ONTHMI3amil (yHKI[OHAIBHO-
OpIEHTOBAHOTO TEXHOJOTIYHOro mpouecy oOpoOkm neraneil npec-¢popmu. HaliBaxmBimmmu
KPUTEPISMH ONTHMIi3allii € 3HOCOCTIMKICTh, BTOMHA MIIHICTh, KOHTAKTHa >OPCTKICTh i KOpO3ilHa
CTIHKICTh BUPOOHUIITBA. Y CTATTi HABEIEHO METOAOJIOTIIO JIOCII/PKEHb Ta aITOPUTM ONTHMI3aLil.

KarouoBi ciaoBa: (QyHKIIOHANBEHO-OPIEHTOBAHMI TEXHOJNOTIYHUHM IPOIEC, ONTHMIi3alis,
3HOCOCTIHMKICTh, 3aJMIIKOBI HANpPYKEHHS, KOHTaKTHA JXOPCTKICThb, KOPO3iiHA CTIHKICTh, KOe(illieHT
tepts, CAF-cucrema

Introduction. The systems approach to technological ensure efficiency
components based on the one hand, the evaluation of parts quality indicators that
characterize their geometric shape, surface layer microstructure and its physical
and mechanical properties (including residual) based on technological factors and
other hand, the forecasting measure parts properties (wear resistance, the contact
stiffness, corrosion resistance, etc.) depending on their quality. Obviously,
providing only some local indicators of quality products not guarantee optimal
measure properties of the product as a whole. It is therefore necessary to design
functional- oriented process, based on the analysis of a set of interrelated
operational measures of the product.
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Manufacture of various parts of dies and molds is extremely difficult in modern
engineering. This is due to their high accuracy, low roughness of the functional
surfaces, significant temperature changes during operation (to 500-700°C), difficult
workability of these parts material, high frequency and intensity of cyclic and
alternating loads more. Particular attention to the operation of molds are ejectorP. As
described in [1] statistics bounce functional parts and assemblies molds, pushing the
system accounts for 25-30 % of all failures at work and breakdowns of these
productP. This is due to high-frequency complex thermodynamic operating
conditions ejector, cooling problems, combined with their non-rigid structure ( ratio
of length to diameter in the range of 15-20 ), the requirements of superdense mobile
connection tightness, wear resistance, fatigue strength and high manufacturing
quality (precision size - 5-7 I1SO accuracy degree, functional surface roughness - 0.2-
0.8 microns, etc.). The working surface of the mold insert with ejector form a joint
that can roll over. During this period numb molten metal, forming fin on the casting
surface. Therefore, the gap between the ejector and the hole in the ear performed
within 0,08-0,1 mm. On the other side, this gap should be the maximum, it depends
on the use of materials for inserts and ejector fabrication, casting material,
temperature, pouring temperature heating molds, liquid metal flow rate, specific
pressure on the walls of the working cavity and other factors [2].

In this example ejector is made from the high-alloy low-carbon steel 316L.
This design element is subject to intense wear and alternating power and thermal
loads during operation, which combined to cause loss of use of molds in general.
Therefore, the most important measure properties ejector is wear resistance,
contact stiffness, fatigue strength and corrosion resistance. The above measure
properties depend strongly from parameters such as surface layer microstructure,
functional surfaces microhardness (hardness of the surface layer ), character and
depth of the residual stress and deformation.

Measure as a working surface formed mainly at the final stage of the process
manufacturing ejector comprising finish turning and smoothing diamond shapeP. It
is the final stage of manufacturing ejector investigated in part in this example.
Principles of functional and process -oriented indicators formation of a product
intended to for given values of quality parameters of the finished part, known
range of values of the original piece and given information about their
transformation, technological heredity and mutual influence in the formation of
functional surfaces to develop the most efficient technological process to ensure
the optimal combination of product quality parameters

Main part. Consider the implementation of 2 version workflow handling
most accurate cylindrical surface on finish operation.

—1-st variant. Finish grinding by the abrasive wheel.

—2-nd variant. Fine turning tool with synthetic polycrystalline diamond -
carbonado (as an example, suggested the use of PCD universal mark - CTM302
ElementSix [3]).
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To determine the basic measure criteria functionally-oriented technological
process mold ejector machining, it is necessary to analyze the mechanisms of
formation parameters durability, fatigue strength, corrosion resistance and so on. To do
this, CAF system simulation rheological model of formation of base surfaces ejector
and identify indicators of stress- strain state (including residual ) parameters
mikrotopolohiyi surface and its structural and phase state as a result of cutting [4,5].

Featured [6] geometrical parameters for sharpening cutters with PCD y =

15-20°, @ = 10-12°, ' = 0,3-0,5 mm. Tools with circles sharpen PCD ACB
100/80-50/40 TO2 50% with the use of lubricoolant containing water as coolant
soda solution. After bringing sharpening is performed by iron discs, overact
diamond powder ACM 40/28-28/20. The model implemented within the system
Deform-2D, use: type of modeling - Lagrangian Incremental (Lagrangian
Analysis) with gradient mesh (ratio - 0.1 mm); shows the geometry of the object
modeling - Plane Strain; object type modeling: workpiece - Elasto-Plastic; tool -
Rigid; iterative method for solving problems - Newton-Raphson; condition of
convergence calculation - Conjugate-Gradient Solver (combined gradient method
); condition vyield stress - Generalized Johnson & Cook Model; criterion
destruction - Normalized C & L Fracture; model of structural phase machinings -
Avrami model.

Results of simulation of rheological modeling are shown in Figure 1.
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Fig.1-Results of the rheological modeling machining mold’s ejector by tool with
synthetic polycrystalline diamond CTM302. a - effective stress; b — effective strain; c -
temperature in the cutting zone; d — shear stress; i-f - picture structure and phase state of the
surface after machining.

Microprofile finish surface, which determines the value of its roughness,
formed by vector addition of three components: the microscopic height derived as
a result of copying the cutting wedge tool considering its kinematic characteristics
of motion (A;), microscopic height, which is determined by fluctuations in the
elements of the cutting tool (A,) and the component profile roughness caused by
plastic deformation in the contact zone of tool and workpiece (As).

Geometric-kinematic component of roughness A; under the conditions:

@>arcsin(%,) i ¢, >arcsin($,) after transformation in Chebyshev equation [7]:
~S§* 0,05
' 8 805
Method of determining the microscopic of roughness height, which is
determined by fluctuations elements of the cutting tool (A;) is written in [8].
Moreover, the nonlinear dynamic model of self-oscillation technology system
allows for regenerative mechanism of excitation of vibrations when moving the
tool along the workpiece surface formed by the previous machining (Ra;j;=5
microns). In the model the cutting force depends on the geometrical parameters of
the tool and mechanical properties of orthogonal cutting:
MK+ K, X+Cyx =1, -S; x

x b1+S‘—2‘1 1+sin[%—zj M
16r S, 2)))sinp-cos(B+n-7) 2

My+KYy+ny:rxy~Si><
2 i —

x b1+£ 1+sin mx _x Y sin(n )
16r S, 2 sinB-cos(B+n-y)
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Surface microrelief in the transverse direction is modeled by imposing an
array of tool motion profile in terms of its summit, which describes an arc with
radius R. In this case [9]

A, =2A,,, —H; =2-0,00027-0,00015=0,00039 mm=0,4 mxm (3)

where A = ZXZ ————H, - maximum amplitude of
JI7 +x—mp?e’ ¥ + 12, p’o
oscillation tool, determined in solving the differential equations of the tool motion;

J? - radial stiffness of the technological system, N/mm; (y - coefficient depending
on the specific machining conditions; m - reduced mass of the moving system, kg;

m:g—8=167,5 rad - cyclic frequency of the main  motion;

H, . :%:0,0025 mm - amplitude of surface irregularities resulting from

6_i

implementation of previous technological machining.
It is the top of the tool in this technological machining step:

CR—(Rer)os¥ i —((Rrysin¥) -
H, . =R-(R r)cos2 Jr ((R r)smzj =

:0,85—(0,85—0,5)cos¥— ()

2
—Jo,52 —((0,85—0,5)sin ) =0,00015 A

Where central angle tips:
2 2
= arccos 1—8—2 = arccos l—L2 =0,143 pao 5)
2(R-r) 2(0,85-0,5)
Component profile roughness caused by plastic deformation in the contact
zone of tool and workpiece A; determined from the [7] under the conditions:
@ >arcsin(%,) and @ >arcsin(%,) .

0,143
2

- |2+l
T, +0 2 T, +0
A, = =
64
i 992 | 2.0,05+ 05|, 992
\/9922 +10992 2 9927 +1099?
=0,0001 mm

64
where t,, - dynamic shear stress, MPa; o - effective mean stress, MPa.
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So, in this case the average value of the roughness derived as a result of
copying the cutting wedge tool considering its kinematic characteristics of motion
(A;) constitute 55,5%, microscopic height, which is determined by fluctuations
elements of the cutting tool (A,) — 34,7% and the component profile roughness
caused by plastic deformation in the contact zone of tool and workpiece (As) -
9,8%, respectively. Thus, the result Ra=0,625+0,39+0,13=1,125 mic
corresponding specifications drawings (set Ra =1,25 mic).

In Fig.2 is shown the picture of residual stresses rheological modeling as a
result of finishing lathe machining mold’s ejector tool with synthetic
polycrystalline diamond CTM302. These stresses exponential decrease as a result
of thermodynamic relaxation with increasing distance from the top of the cutting
wedge along the machined surface. The depth of plastic deformation is based on
solving of the Prandtl problem [7].

The curve of residual stresses | type (Fig.2) shows an interference pattern
manifestation fluktatsiynyh stretching (temperature and friction) and compressive
(force) loadP. Average values the of residual stresses in the zone of thermal
stabilization (at about 100°C) will be approximately 170 MPa for machining the
workpiece ejector manufactured from steel 316L by tool with synthetic
polycrystalline diamond CTM302.

Steel 316L has high viscosity due to the low carbon content. In the annealed
steel contains about 12% soluble carbide M6P. Hardening steel in oil at a
temperature of 1050 - 1100°C dissolved in austenite is about 7 % of carbides,
enriching it with carbon, tungsten and chromium.

1000

950

y =-0,0075x" + 0,4837x* - 10,34x" + 97,2532 - 414,21x + 825,32
R? = 0,9525

Gres 1= 170 MPa

Residual stress | type, MPa

10¢
Graphical interpretation of the
S0 rheological simulation modeling results

1 2 3 s s 6 7 8 9 10 1 12
Control points of the stress analise

Fig.2 — Graphical dependence of residual stresses | type, resulting in rheological
modeling technology finishing lathe mold’s ejector machining by tool with synthetic
polycrystalline diamond CTM302
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After quenching structure consists of alloyed martensite, 5% excess carbides
and a small amount of residual austenite, HRC 48-50. After tempering at 600 -
620°C structure consists of troostyta and 5% excess carbides, HRC 38-44. Carbide
M6S coagulates only at temperatures above 600°C that provides high red hardness
and heat resistance. Thus, if the machining of hardened steel 316L parts a
martensitic structure in the surface layer, there will be a of martensite-austenite or
martensite-troostite structure, then treated will create conditions of residual tensile

stress since 1—& >0.
o)

Structural volume austenitic phase £, was determined from the joint
modeling of thermal fields and structural phase machinings using the Avrami
equation [10]:

QAzl—exp{—k-r"} (6)
where {, - volume fraction of austenite phase formed by machining; k and n -
kinetic parameters calculation which takes place from the kinetic diagrams of
austenite decomposition [11]; t - cutting time.

Thus, the modeled stress-strain and thermodynamic state of the cutting area
and with empirical coefficients v, ,w, ,w,,, w4, , v, [12], you can make a simulation
of residual stresses Il type in the environment Deform HT 2. We can use the
coefficients in Maggie equation:

Gy =1-exp{0,025T —0,002315,, —0,0033145 5,35} @
Average values of density py formed by the impact force and thermodynamic
factors finish cutting of the polyphase structure is equivalent density p; different
phases according to their percentage ¢;. That is:
. | J1-¢,,(I
o,(N=E, (1_ Pu G (D0 (1760 )]J
P

where o4(l) - the value of residual stress Il type of depth I (mic) of their
occurrence on the treated surface; Eyy = 224 - Young's modulus of 314L steel, GPa

According to the results of rheological analysis (Fig.1) on the workpiece
surface the volume phase is ¢,, =0,45...0,47 (45-47%), denying the formation of

"white layer". According to the calculations (12) ¢,, = 0,395 (39,5%):
Cu =1—exp{0,025-330—0,002315- 620—0,003314-594—5,35} =0,395

The error of simulation and design value does not exceed in this case 12,5%,
which is quite receptive to confirm the adequacy of modeling.
Thus, the value of residual stress Il type is just o, , ~55MPa. This is

primarily due to the low temperature in the cutting zone, which does not contribute

®)
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to the phase transformation and, consequently, does not produce significant 11 type
residual stresseP.
Degree libel can be calculated by the prof.Silin empirical equation [13]:

N =40h T °™ = 40.0,12-580°™ = 0,049 (9)

where h = 0.12 mm - depth of the strain hardening, determined by the results of

rheological modeling of technological machining, mm (Fig.1); 7=580°C - the
temperature in the cutting zone when working tool with synthetic polycrystalline
diamond CTM302 (S = 0,05 mm; t = 0,12 mm; V = 50,2 m/min).

The value of the degree of work hardening in the case the finishing lathe
machining ejector by tool with synthetic polycrystalline diamond CTM302 not
relatively large, becous depth of cut is small (t = 0,12 mm) and temperature in the
cutting area is relatively low (T ~580°C ). According to experimental results [13]
for grinding stainless steel 316L importance degree defamation is N =0,5...0,6
which having a significant negative impact on the operating conditions of molds partP.

According defined in [14] algorithm structural and parametric optimization of
functionally -oriented process ejector machining, should be implemented step of
calculating local criteria - the wear of functional surfaces in terms of the potential
operation of the product, depending on the variable structure parameters and
functional- oriented process of forming most loaded surfaces of the product. It is
important to formulate the initial conditions for the subsequent calculation: A fully
conjugated wear two bodies in a stationary ( steady ) mode of dry friction or
boundary; subject to wear ejector mold: the body - hard and rough; coupled guide
bushing is taken as smooth and deformed counterbody; rated pressure, speed and
temperature sliding friction constant in time and uniformly distributed over the
contact surface.

Table. 1- Comparative table of analytical and experimental studies results of finish
machining mold’s ejector

The results of

analytical studies in | Of average results of experimental and
the system industrial research ("Interterm Ltd")

Deform2D

DIA diamond
grinding around
125/100 M5-2
(machining rates V.

Finishing lathe cutting tool with
synthetic polycrystalline diamond
Parameters CTM302
(machining rates: S = 0,05 mm;

t=0,12 mm; V = 50,2 m/min) r:n?lsm/—syst :ql?n?rl\)
) n =
= é o Ra, mic 1,125 1,29 1,22
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Aq, mic 0,625
Ay, mic 0,39
Az, mic 0,13
Rpk, mic 0,30 0,28 0,43
Rk, mic 0,75 0,84 0,61
Rvk, mic 0,12 0,17 0,18
Rmax - 2,0 2,2
r - 35 20
b - 2,0 1,29
v - 1,7 1,9
R max
A= — - 0,024 0,096
rb”
=
S B
29 tc, ,, MPa +170
e i

Mark "+" implies on the treated surface of the workpiece residual stresses of compression, and the
mark "-" - tensile residual stresses
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Sequel tabl. 1

*o, ,, MPa -5
+o, , MPa +165 +143 -130
§ Depth of
g hardening h_, 0,12 - -
2 mm
(<5}
o
=
=}
i)
! Level of
o hardening, N 0,049 0,06 0.5

In terms of elastic contact intensity of wear depends on the topology
mikroheometrychnyh characteristics conjugate surfaces (b, v, Rvk, Rpk, RK,
Rmax, tm), mechanical properties (o,, o, o2, E, p), coefficient of friction f,
fatigue characteristics and pressures t: nominal - Pa and contour - Pc.

A - Coefficient taking into account the influence of surface residual stresses
on wear intensity (provided that the limit of fatigue strength for steel 316L -
0,=1530 MPa; t,=3- coefficient of friction fatigue in elastic contact surfaces is
given:

- for turning
1530143
=== —0,75 10
& ( 1530 ] (10)
- for grinding
;, —[1530=(-130) s a
- 1530 o

The intensity of wear on the product under given conditions of operation in
the case of the second option and process of manufacturing this product, we can
write [15]

_06(1-4°)-P -4 12

Ihi_ﬁ(viz—1)~K2-E-n
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Then a relative measure of durability K ( I, ) that characterizes the change in

the wear rate depending on the state of functional surfaces arising from the
implementation of different variants of structures and process parameters is given

by:

[ 0,6(1-u?)-P, -4, ]
L, W (F 1)K En |, (vE-1) 4

K()=1"= 06(L i) P | A% )4 (13)
[ﬁ(vi—l)K[En}

where v; - parameter curve fitting step.

Comparing finishing lathe machining ejector by the tool with synthetic
polycrystalline diamond CTM302 (cutting conditions: S = 0,05 mm; t = 0,12 mm;
V = 50,2 m/min) and its grinding by the diamond wheels DIA 125/100 M5-2
(cutting conditions Vc = 31 m/sec, t = 0,01 mm, Sn = 6 m/min), we obtain a

relative measure of durability K(I,):

JL9(1,9°-1)-0,75

T, JL7@L7-1)12r

That is, as a result of changes in the structure of the process of finishing
machining ejector wear functional surface increases about 14% due to changes in
the prevailing surface microstructure and changes in the nature and nominal values
of residual stresseP.

Among the important measure factors of the ejector should be noted relative
measure of fatigue strength. As stated in [14], the overall impact to the safety
factor in fatigue strength with a number of design and technological factors:

effective stress concentration factor (n,, ); coefficient of influence of geometrical
dimensions of the parts (n,,); influence of surface hardening coefficient (n,, );
coefficient of influence of surface roughness (n, ;) and coefficient of influence of

residual deformations resulting from machining parts (,, ). Moreover, only the

last 2 figures depend on the quality of the surface layer of formation which is a
consequence of the structure and parameters of the process of its machining.

Factor influence surface roughness functional ejector if it is a finishing lathe
cutting tool with synthetic polycrystalline diamond CTM302 can be defined by the
Stepnov equation [16]
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o 1530
n,,=1-0,22-gR__ -1 ¢ 1-1(=1-0,22-1g2,0-| lg| —— |-1|=0,94
6R_1 g max {g(zoj ] g [g[ 20 j ]

Similarly, this coefficient for the case of grinding ejector is:

o 1530
n =1-0,22-lgR__ - | £ 1-1(=1-0,22-1g2,2-| lg| —— |-1|=0,93
6R_2 g max [9(20) j g (g( 20 j ]

Factor influence functional surface residual stress 7, in case of the
finishing by lathe cutting tool with synthetic polycrystalline diamond CTM302 is
determined by the interference dominance residual stresses first and second type
for compression o,,c, and tension o ,,c,

6l Y 6ll 6l ' 6ll

o +(oy +ou) _780+143

n = =118
o1 o, 780

where 9-1= 780 MPa - tensile strength of the material when tested in tension-

compression cycle for outzero load, which is typical for ejector working [17].
When grinding ejector mold by the around diamond DIA 125/100 M5-2:

o o, -(0y+0,) _780-130

=0,83
-2 o, 780

The other coefficients do not depend on the quality of the surface layer and
therefore will not be important for structural and parametric optimization process
machining ejector for functionally-oriented criteria.

Then a relative measure of fatigue strength K (n_, ), which characterizes the
change in fatigue strength safety factor depending on the state of functional

surfaces arising from the implementation of different variants of structures and
process parameters is given by:

n n n .
K(n,)= ot ey 094418, 4 (14)
n 1.2 nBR72 'ngzg 0193'0,83

That is, as a result of changes in the structure of the process of finishing
machining ejector surface functional fatigue strength increases about 43% due to
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changes in the prevailing surface microstructure and changes in the nature and
nominal values of residual stresseP.
Measure of corrosion resistance in a volume equivalent z, determined

taking into account the fact that the decrease in mass per unit area to be
- t . .
permissible value Am = (Rpk,,, +Rk,,)-1-k, - In(—+1j. In this case, approximate
T

interaction of rough surfaces in the form of a spherical contact surface and a planar
plastic half-space by the Ishlinsky method [18]. Then a relative measure of the

speed of fretting corrosion K(7) is given as:

t
o\ am (Rp&4-R&)J~kOJn(;+1]
()= =am, ™ t (15)
mz AM (Rpk +RK,)-1-k, -In[7+1j

T

_ (Rpk,+Rk;) 0,28+0,84
(Rpk, +Rk,) 0,43+0,61

=1,07

That is, as a result of changes in the structure of the process of finishing
machining ejector intensity fretinh corrosion-functional surface increases about 7%
due to changes in the prevailing surface.

As one of the most important criteria of efficiency of mobile connections is
adherence to fluid friction between surfaces conjugated components by providing a
minimum thickness of liquid friction in the contact zone, relative rate coefficient of

reliability of mechanical systems in liquid contact mode K (S) is given;

huni  ke-Rvk,  Rvk, 0,17
h.., ks-Rvk, Rvk, 0,8

K(S)= = 0,94 (16)

min_2

Tribological quality conjugations by the energy losses due to friction in the
conjugate surfaces of machine partP. The relative index K ( f ) , that characterizes

the change from the coefficient of friction in the conjugated tribological pair
depending on the state of functional surfaces arising from the implementation of
different variants of structures and process parameters is given:

R max,
rblj/"l

, R max, \l 0 09
rbll/V1
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Calculation non-standardize local criteria optimization qualimetric indicators
for finishing lathe machining functional surface ejector by the tool with synthetic
polycrystalline diamond CTM302 for this example is in relative terms durability
Q1 = 0,28; safety factor for fatigue strength Q2 = 0,30; the parameter
tribotechnical as conjugations Q3 = 0,10; parameter for corrosion resistance Q4 = -
0,14; safety factor for liquid contact Q5 = -0,17. Finally, a generic optimization
criterion, determined by the method [14] is F =0,383. As in this example

compared only 2 options of technological processes, generalized optimization
criterion for the case of functional surface grinding ejector around diamond DIA
125/100 M5-2, the amount accordingly F, =-0,383.

Conclusion. Thus, the variant of finishing lathe machining functional surface
mold’s ejector by the tool with synthetic polycrystalline diamond CTM302
compared to grinding diamond wheels DIA 125/100 M5-2 is more optimal for
qualimetric integral indicator system characterizes wear resistance, fatigue
strength, quality of the tribotechnical conjugations, corrosion resistance and ensure
the option of carrying capacity lubricant layer and is obtained as a result of the
formation process of forming microstructure surface layer, residual stresses and
strainP.
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O.JI. KOH/IPATKOK, xauz. TexH. Hayk., no1l. YIIIA, Xapkis;
A.0. CKOPKIH, acucrent YIIIA, Xapkis

PO3POBKA OPTAHIBAIIMHO-TEXHOJOTTYHAX CTPYKTYP
350PKU CKJIAJHUX MAIIMHOBYAIBHUX BUPOBIB

Benuky nuToMy Bary B 3aragbHOMY 00'€Mi CKJIafalIbHUX OIepalliif 3aiMaloTh oneparii mo 36opii
THUIIOBUX 3'€[HaHb, IO XapaKTEPU3YIOThCS BHCOKUM DPIBHEM MOHOTOHHOCTI Ipalli, OBTOPIOBAHOCTI
poboYnX pyxiB, a TAKOX SIKi HE BHMAraloTh BHCOKOI KBamidikaiii mpauniBHuKa. Buxomsuu 3 mporo B
JaHii poOOTI PO3ISHYTI NPUHLMIM PO3POOKH OpTraHi3allifHO-TEXHOIOTIYHUX CTPYKTYP CHCTEMH
npiOHOCepiiHOT 300pKM CKIAJHMX MAIIMHOOYNIBHMX BHpPOOIB HAa OCHOBI KOMIUIEKCHOTO aHAII3y
ICHYIOUHX METOIB PO3POOKH CTPYKTYp 30HpaHHs uisi ApiGHOCEpiiiHOro 30upaHHs. 3po0ieHi BUCHOBKH,
o0 BHOOPY paliOHAJIBHHX CTPYKTYp 300pKH IS KOHKPETHHX YMOB Ta BHJIY MAaIIMHOOYAiBHHX
BHPOOIB

K11040Bi c/10Ba: TeXHOJOTIYHMUIT TPOLIEC CKIIaAaHHSI, CKIIaIalIbHA OAUHULISL, TOYHICTh, POOOUe

Mmicre.

O.JI. KOHJAPATIOK, A.A. CKOPKMH
PA3ZPABOTKA OPTAHU3ALIMOHHO-TEXHOJIOTHYECKUX CTPYKTYP CBOPKH
COCTABHBIX MAIIMHOCTPOUTEJIBHBIX U3AEJINU

Bonbioii yaenbHbIi Bec B 0011eM 00beMe COOPOYHBIX ONepalnii 3aHUMAOT OTEPAL|HU 110 COOpKe
THUIIOBBIX COCIUHEHUH, XapaKTEePH3YIOIIHeCs BHICOKAUM YPOBHEM MOHOTOHHOCTH TPYZQ, TOBTOPSEMOCTH
pabounx ABM)KEHHUH, a TaKkKe He TpeOyIoIue BEICOKOH KBanmupukanuyu padotHuka. Mcxons us storo, B
JTAHHOW paboTe PacCMOTPEHBI IPUHIHIIBI Pa3pabOTKN OPraHU3alMOHHO-TEXHOJIOTHIECKHX CTPYKTYP
CHCTEMBI MEJIKOCEPUITHOI COOPKH CIIOKHBIX MAIIMHOCTPOHUTENBHBIX H3AEINH Ha OCHOBE KOMIUIEKCHOTO
aHaJIM3a CYLIECTBYIOLIMX METO/IOB pa3pabOTKU CTPYKTYpP COOPKH /I MEIKOCEPUITHOM COOPKH.
CrenaHsl BEIBOJIBI O BEIOOPE pPalIOHATIBHBIX CTPYKTYpP COOPKH 1 KOHKPETHBIX YCIOBUH 1 BHIA
MAaIIMHOCTPOUTEIHBIX U3/eIHI

Ku1roueBbie cj10Ba: TEXHOJIOTHUECKHH Mporiecc cOOpKH, cOOpOYHAs ANHHIA, TOYHOCTh, padouee

MecTo.

O.L. KONDRATYUK,, A.O. SKORKIN
DEVELOPMENT OF ORGANIZATIONAL AND TECHNOLOGICAL STRUCTURES
OF ASSEMBLY OF COMPLEX MACHINE-BUILDING PRODUCTS

A large share in the total volume of assembly operations is occupied by operations for the
assembly of standard joints, characterized by a high level of monotony of labor, repetitive labor
movements, as well as those that do not require high skills of the employee. Based on this, this paper
considers the principles of development of organizational and technological structures of the system of
small-scale assembly of complex machine-building products based on a comprehensive analysis of
existing methods of developing assembly structures for small-scale assembly. Conclusions are made on
the choice of rational assembly structures for specific conditions and types of machine-building products

Key words: technological process of assembly, assembly unit, accuracy, workplace.
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Beryn. IIpogykTuBHICTS Npalii B CKJIaiajIbHOMY BUPOOHMIITBI 3aJIEKHUTh BiJI PsLy
CyO'€KTHBHIX YMHHUKIB i il piBE€Hb Ma€ TCH/ICHIIIIO MEPioIMIHOT 3MiHH.

© O.JI. Konppariok, A.O. Cxopkin, 2021
BigmoBiqHo 10 mporo moTpiOHa KOpeKiss BHPOOHWYMX 3aBAaHb 1 po3polKa
Oprasi3aliifHO-TeXHIYHUX 3aXOMIB JUI1 3a0e3leyeHHs] HeoOXiJHOI TPHUBAIOCTI, WO IO
BHITYCKY HPOJIYKLLi.
IocranoBka 3aga4i: TexHOJIOTYHMIA MPOLIEC CKIIaIaHHs MICTHTb Jji 3 YCTAHOBKH 1
YTBOPEHHSI 3'€/THAHb JeTajel, CKIalalbHUX OAMHULD Y BUPIO. [IpH 1IboMy BpaxoByeThCs
JIOLITbHA TEXHIKO-eKOHOMIYHA TIOCITZIOBHICTh OTpUMaHHs BUpoOy (puc. 1).

Jlpi6Hocepiline ck1agaHAs CKIaTHAX
MAMAHOGYIIBHEX BAPOGIB

2
eri,mi X%lpal\Tep.ECT]IRE h CruadansHuii npoyec, N\
rontoct, akoctl Odonomiscni it cynymmui <
I0BepXOHE 1eTadi, po3MipH yny BuTpaTtH MarepiaTbHAX
3B'I3KH MK TeTaTaMH . npoyecu . i 7acoBHX pecypciB Ha
\ta immi ) cKAAZAHAA

CobiBapTicTs
7

CKJIaJaHAA
| Hiroui paxTopn I

Puc. 1 — [ndopmarriiina cxeMa TEXHOJIOTIYHOT OTepallii CKJIaJaHHsS BUPOOY

(o -
TlapaMeTpH sikOCTI
CKIATaHAS

SIKICTh CKJIQIaNbHOI OJIMHUII XapaKTEePU3YEThCSI TOUHICTIO BIAHOCHOTO PYyXY
abo posTalllyBaHHS JeTaled B CKIQJajbHIA OJUHUIN, CHIOBUM 3aMHKAHHSM,
HATSTOM B HEPYXOMHX 3'€HaHHSAX, MPOMDKKOM B PYXJHMBUX 3'€THAaHHSIX, SKICTIO
MPWISTAaHHS TOBEPXOHB 1 IHITUMH.

OcHoBHuii 3micT: [lin CKIAZaTBHOIO OMEPAIiEld PO3YMIETHCS TPOILEC
6e3mocepeaHboro GopMyBaHHS CKJIaJANbHOI oauHUNi. BiH, sIK mpaBmito, BKiIOYae
Opi€HTaIifo, 3'€IHAHHS], pETyIIOBaHHSA 1 3akpimieHHsA (¢ikcariro) meramedt i
CKJIaaNbHUX oquHUIb. CKIagaHHs 3'€JHaHb YMOBHO MOXKHA PO3AIIMTH HA 300pKY
3 HATATOM 1 0e3 HaTATY.

300pKa 3 HATATOM 3MIHCHIOEThCS a00 METOIOM IUIACTHYHOI aedopmariii, abo
TEIJIOBUM METOAOM. Y CBOIO Yepry, TEIJIOBHH METOJ Peati3yeThCs 3a JOIOMOT 00
HarpiBy AeTalli, 10 OXOILTIOE, a00 0XOJIOKEHHIM OXOIUIIOBAHOT AeTalli.

IndopmaniitHuii 3MicT TEXHOJIOTIi, 3aleXHO BiJl Y4YacTi TEXHOJIOTIYHO
3HAYMMHX YMHHHKIB, MOXKHA PO3JUIMTH Ha PIBHI:

Tlocmitini yuHHUKU.

e cremmdika omepamnii - HaOlp THIOBUX METOOMK CKJIJaHHA (JUKEpeno

iH(opmarii - kapTa IHCTPYKIIii);

e oprasizaris poboyoro micit (Jpkepesno iH(opMallii - TEXHOJIOTIs, TTaHyBaHHS

pobodoro Micris);

e OCHOBHE YCTaTKyBaHHs - KOH(QIrypais, rabapuTHI pO3MiIpH, pO3TaIlyBaHHS

po0odoi 30HH, METOMKA YIIPABJiHHSA YCTaTKyBaHHSAM (3MiHa PEXHMIB poOOTH),

crienMQika 3MiHH BCTAHOBIIIOBAHOTO HA HIM OCHAIIEHHS, PO3TAIIYBAHHSA OPTaHiB
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ynpaBimiHHA 1 1X mapamerpu (mxepeno iHdopmamii - TEXHIYHA JOKYMEHTALls

(macropT, eKkcIuTyarariifHa iHCTPYKLS 1 Take 1HIIe);

Ymoeno nocmiini uunnuxu:

® [PHUCTOCYBAaHHS - Maca, KOH(Iryparis, rabapuTHi po3MipH, crnocoOu Horo

YCTAQHOBKH, KpIIUICHHS, TEXHOJIOTIUHI 0a30Bi MOBEpXHi (EIEMEHTH), €IEMEHTH

KpiluleHHS  (pkepeno  iHpopMmarii - TeXHiYHa JOKyMEHTamis (Iacropr,

eKCIUTyaTalliifHa iHCTPYKIis IPUCTOCYBAaHHS 1 Take iHIe);

® OCHOBHMH 1 IOTIOMDKHHHM IHCTpyMEHT - Maca, KoH(irypamis, rabapuTHi

po3Mipy, cmoci0  ycTaHOBKM, (PYHKIIOHaTbHE TIPH3HAYCHHS, METOAMKA

BUKOPHCTAHHS (JpKepeio iHdopMallii - TeXHIYHA JTiTeparypa, JOKYMEHTAIlis);

e 3aco0M BUMIpIOBaHHA - Maca, KOHQIrypaumis, ra0apuTHI pPO3MIpH,

(yHKIIOHAJIBHE TIPU3HAYCHHS, METOAMKA BUKOpUCTaHHS (Jpkepeno iHdopmarii :

MacIiopT, TEXHIYHA JIiTeparypa, JOKyMEeHTallis);

3Mminni YuHHUKU:

e craHu "7HeTanbh — KOMIUICKT — IiIBY30J1 —BY30J1 - BUPIO" - mapaMeTpu reraiei,

110 3’€HYIOTBCS: Maca, KOH(Irypaliis, rabapuTHI pO3MipH; napameTpu 0a30BUX i

KpINIIPHUX TIOBEPXOHb (IDKeperno iHQopMamii - TEXHOJOTIYHHI IIporiec,

CKJTaJaJTbHI KPECICHHS, KPECJICHHS AeTallel, TEXHIYHI BUMOTH);

® - TIOJIOKEHHSI OCHOBHOTO IHCTPYMEHTY BiJIHOCHO MOBEpPXOHb 1 JeTaje, 1o

3’eIHyI0ThCs (pKepeto iH(OopMALIiT - TEXHOIOTIYHHE Tpoliec, pododa Iporpama).

TakuM YMHOM, MOXKHA BBAXKATH, IO OYIb-SKHI €JIEMEHTApHUN CKIIaIaIbHUMA
TEXHOJIOTIYHHII TIPOLIEC, B KOHTEKCTI peaizallii BHYTPILIHBO OMEpAaIiiHOT TEeXHOJIOTII,
CBOE€IO MOSBOO 3000B's13aHMI1 30Iry MEBHUX 00CTABHMH TEXHOJIOTTYHOTO, OpraHi3aliifHOTO,
TEXHIYHOTO 1 EeProOHOMIYHOTO Xapaktepy. ToMy NpelCTaBISIEThCS JAOLUJIBHUM BBECTH
iepapxiuHe pO30MTTS MHOXKMHM BJIACTHBOCTEi 00'eKTiB poOodoro Mmicus Ha 0a3oBi
(i3nuHI, reOMETPUYHI XapaKTePUCTUKH 1 TEXHIUHI, TEXHOJIOTTYHI BIIACTHBOCTI.

Ilp 1pOMy, TEXHOJOTIUHMI TMPOIEC, SK IHIIATOP BHIUICHHS TEXHIYHHX
BJIACTHBOCTEH, BHOCHTH JIOTIKY Y B3a€EMOJII0 OO0'€KTIB poO0YOro CepemoBHUINa depes
KOMOIHAIIIT BiIITOBITHAX XapaKTEPHCTHK, 5Ki, y CBOIO YepTy, 3aJeKaTh BiJ 3HAUNMUX, B
TOMY 200 THIIIOMY CTYTICHI, YHHHUKIB CKJIAIAJIEHOTO TPOIIECY.

PiBeHp MOOYIOBH CTPYKTYpH POOOTH 3 ypaxyBaHHSM IPHHIIAIIOBOI MOYKITHBOCTI
peanizartii pyxy B IIEBHOMY HalpsiMi, /I BPaXOBY€ETHCS BEJIMUMHA TPOTH/IT BUKOHABIMM
OIIHUIIAM (M's13aM) JiFOYMX (CHJIOBUX) 1 CTATHYHMX HABaHTAXKEHb (MacH, TOKa3HUKIB
MinHocTi). [lapamerpH, 110 330BOJIBHSIOTE MOKIIMBOCTI peanizalli pyxy i 3IaTHICTh
HABaHTAKEHHS KOHCTPYKI[H MpeIMeTiB NpH MaHIMY/MisIX 3 HUMH (TIOKA3HUKH
MIIIHOCTI) MOYKHA BHPA3UTH TaKUM 9MHOM (1):

Fmove XKp > Freac’ (1)
My <Mpaxs
F.. < O'max X% Stralvers

static n J
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ne: Foove — CHIA, WO 3a6e3neuye pyx, H;
Kr— Koe(ilieHT TepTs;

Freqc — PCAKIis TOBEPXHI, H;

M, - Maca 00’€KTy, KT;

Mypax — Maca, 10 MAKCHMAIIBLHO JJOIyCTAMA JUISL iAoMY, KT

Fyiatic — CTATUYHE 3YCHILIS, 1110 PO3BUBAETHCS NIPH MAHIITYJIAIIISX 3 IpeaMeToM, H,

Omax — TPAHNYHA JIONyCTUMa HAIpyra mMartepially KOHCTPYKIUii npeamera (mpu
CTHCKyBaHHi, po3Tsrysanmi), H/Mm;

. 2,
Siravers — IVIOLIA TOTIEPEUHOTO NEPEPi3y NpeaMeTa, MM,

N — KoedilieHT 3anacy MIIHOCTI.

2. PiBenp moOymOBM TIpolLleCY 3 YpaxyBaHHSIM OCOOJMBOCTEH (i3HMUYHMX
XapaKTEPHUCTUK BY3JIB, eTajeil Ta TXHIX MoBepXoHb. HassBHICTH TIOBEPXHI, CTAOLIBHICT
il IMHAMIYHIX XapakTepUCTHK (IMIBHUAKICTH 1 CHPSAMOBAHICTh pPYyXy), BEIHMYHHA
npuTyIDTIoBaHHA (paxiyc kpuBm3ed : 1 .0,1 MM - «purymieHa», < 0,1 MM - roctpa
Kkpomka) Temmeparypa (> 51° C - myse rapsua, 51° + 41° C - rapsaa, 34° + 30° C
HOpMaJbHA, < 10°C XOJIOJTHA 1 TaKe 1HIIIe).

3. Ha piBHI IpHCTOCYBaHHS BUKOHABILI 10 POOOYOTO MPOCTOPY B XOJi BUKOHAHHS
OCHOBHHX 1 JONOMDKHHX IIEPEXOJiB, MAalOTh 3HAUCHHS XapAKTEPHCTHKH OIOPHIX,
HACTAaHOBHMX ITOBEPXOHB: JIiHIHA BENTMYIMHA TOBEPXHI - IPOTSDKHICTD, MM; KYT 1i HAXWITY
IO BiZIHOIIICHHIO JI0 CYCITHBOI — YXIUTY, TPa/l.; UM TPEACTABIISIE BOHA BHCTYII (3aIla MHYy),
MM; TIOKa3HHK IUIONMHHOI (paniyc kpuBu3HU : >1000 MM - «miockay, 1000.50 mm -
«kpuBa», 50.1 MM - «CKpYIJICHHs), IOKa3HUKU LIOPCTKOCTI MOBEPXHI, BiOpaii 1 Take
iHIIIE.

4. PiBeHb JUCTAHIIHHOTO OPIEHTYBAHHS B CUCTEMI PO3TAIYBAHHS [TOBEPXOHb, IO
MePeMILIyIOTBCS 1 CTAlllOHAPHUX O0'EKTIB pOOOYOro MICIsl B MPOCTOPOBUX KOPHJIOPIB,
CIIOCOOM PO3MIIICHHS EJICMEHTAPHUX MOBEPXOHb (KOOPAMHATH OO'€KTIB BCepeIvHi
po0oYOro MicIIsL, B poOOUiil 30Hi, PO3TAllyBaHH OPIEHTYIOUMX SJIEMEHTIB) 1 BIICTaHI MK
HHMHU.

5. Ha piBHi TexHi4HOI B3aeMomii 00'eKTiB HEOOXITHO BH3HAYHMTH BiIITOBiIHI
BJIACTUBOCTI TPEJMETIB CKJIAJAIPHOTO MPOLECY - BIIACTUBOCTI, IO BH3HAYAIOTh
MOXUIMBICTh B3a€MOfii, CyO'ekTa 1 mpeaMeTiB CKIafalbHOI orepariiid, cy0'ekra i
IHCTPYMEHTIB TP 3MiHI CTaHy TEXHIYHHMX MiZICHCTEM. [HCTpyMeHT, npenMer abo iHia
TEXHIYHA MiJicucTeMa Ha poOodyoMy Micli Hajae iHdopMmalito 10 iHpopMaiiiHOi i
(hyHKITIOHATEHOT MOJIENTi, TIOB'SI3aHOI 3 €JeMEHTaMH TIPOIeCY CKIaJaHHS B Takii
TMOCITiIOBHOCTI (pHC. 2).

6. s ymoB peamizamii TEXHOJOTIYHOTO IPOIECY CKIAJAHHA B TEXHOJIOTIYHHX
30HaX (30HaX 30epiraHHs Jerajel, TEXHOJOTIYHOIO OCHAIICHHS 1 IHCTPYMCHTIB,
YCTAHOBKH; 0a3yBaHHsI, 3aKpIIUICHHS, TPAHCIOPTYBAaHHs BHPOOY 1 Take iHINeE) - MaloTh
3HaueHHS BIIACTHBOCTI, 1110 BU3HAYAIOTh CIIOCOON B3a€MOJIIT TEXHIYHHX ITIZICHCTEM.
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Texniuna
peaiizarris
00’€eKTIB

Crocoou DeMeHTu
pobotu 3 npoieca

Puc. 2 — CxeMa BiIOBIHOCTI TEXHIYHUX BIACTHBOCTEH €IEMEHTaM MpoIiecy

JUt BUPpIIIEHHS KOXHOTO, 3 IEpENIiYeHHX BHINE, 3aBIAHb BHUKOPHCTOBYIOTBCS
criocoOu, 3aCHOBAHI Ha TEXHIYHIH peai3artii Iix 00'€KTiB.

BucHoBkH. 3anpormoHOBaHI HOBI TIPHUHIMITK TIPOEKTYBAHHA OpraHizamiifHO-
TEXHOJIOTIYHOI CTPYKTYpPH CUCTEMH JpiOHOCEPiitHOT 300pKH CKIIAJHIX MAIIMHOOY IIBHUX
BHPOOIB, TMOB’s3aHI 13 3aCTOCYBaHHSAM OaraTOpiBHEBOIO X0y JIO MOJEITIOBAHHS
MPOIIECY CKJIaJIaHHs Ha 3acaaX JIOTiKO-TiHBICTHYHOTO OIUCY MOJICII ii CIEMEHTIB.
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MHOT'OIITMTAHJIEJIBHASI CXEMA CKOPOCTHOM
3YBOOBPABOTKH 3AKAJIEHHBIX KOJIEC

Jlns uncroBoif  3y6000pabOTKM KoOJeC KPYIMHOTO MOAY/S MHpPEUIOKEH METON IpPEPHIBICTOro obKata ¢
HCIIONB30BAHUEM JIUCKOBBIX HEMOZYJIBbHBIX (pe3 (pasMepbl (ppe3bl HE 3aBUCAT OT MOMYJIS), OCHAILEHHBIX
KepaMUYeCKVMU IUTACTHHKAMHM W CHECHUAIGHBIX  (Dpe3epHBIX CYNIOPTOB C  OJHONINIMHEIBHOH U
JBYXIIITMHACIBHON CXEMOM pe3aHHsl C y4eTOM OOECENeUeHHs BCEX OCHOBHBIX YCTAHOBOUHBIX JIBIDKECHHIA
CKOPOCTHBIX HEMOAYJIBHBIX IUCKOBBIX (pe3. MeTo mpephIBUCTOr0 00KaTa UCMONB3YeTCsl Ha 3yOOCTPOTaAIbHBIX
1 3yOONLTH(OBANBHBIX CTAHKAX M 00JIaIaeT TEM NPEUMYIIECTBOM, YTO B MOMEHT Pabodero Xozia HHCTpyMEHTa
3aTOTOBKA KOJIECAa HEMOJBMKHA WM COBEPIIACT HE3HAUMTEIBHBIA TOBOPOT, T.e. 00paboTKa MpOTEKaeT, Mo
CPaBHEHHIO C METOIOM OOKAaTKM C OOEcCeYeHHeM HauOOJbLIeH KOHTAKTHOW JKECTKOCTH HMHCTPYMEHTA M
OIpeJIeNsieT CHOCOOHOCTh MOBEPXHOCTHBIX CIIOEB 3YOHUaThIX KOJEC, HAXOIAIIMXCA B KOHTAKTE C PEXYIIEH
KPOMKOH MHCTPYMEHTa, 00€CTIeYHBATh TPOLIECC PE3AHMSL.

KiroueBble ciioBa: 3y0000padOTKa, CXEMbl PE3aHMS, 3aKAICHHBIE KPYIMHOMOIYJbHBIE 3yOuarbie
KOJIeca, OHOIITINH/IENBHBIE H ABYXIIIHUH/IEIBHEIE CyIIopTa

0. 0. KJIOYKO
BATATOLIIINMMAHAE/IBHA CXEMA mBHaKicHOi 3y000po0Ky 3arapToBaHUX KoJIic

J1ns arcToBoi 3y0000pOOKHM KOJTIC BEIMKOTO MOJTYJISl 3aIPONIOHOBAHUI METO]T IIEPEPHBYACTOTO OOKATy
3 BUKOPYICTAHHSM JIMCKOBUX HEMOIYNIBHHX (pe3 (po3Mmip (pe3n He 3ayiexarh BiJ MOAYIS), OCHAIICHHX
KepaMiYHMMH TUIACTHHKAMH 1 CIIeIianbHIX (QPE3epHNX CYIOPTIB 3 OTHOIITIHEUTHHOIO 1 JBOIIITHHAETHHOKO
CXEMOI0 pi3aHHA Merox mepepuB4acToro OOKaTy BHUKOPHCTOBYETBCS Ha  3yOOCTpOTaJbHUX 1
3y0oIUTI(pyBATPHUX BEpCTaTax i Mae Ty IepeBary, IO B MOMEHT POOOYOro XOAy IHCTPYMEHTY 3aroTiBII
Koreca Hepyxoma abo HEe3HauHHil ITOBOPOT, TOOTO. 00OpoOKa MpOTiKae, MOPIBHSHO 3 METONOM OOKaTKé i3
3a0e3neueHHsIM HaHOUTBIIOT KOHTAKTHOI JKOPCTKOCTI IHCTPYMEHTY Ta BU3HAYAE 3/1aTHICTh TTOBEPXHEBUX IIAPIB
3y0YacTHX KOJIC, IO 3HAXOIATHCS B KOHTAaKTi 3 PKYYOI0 KPOMKOIO IHCTPYMEHTY, 3a0e3MedyBaTH Hporiec
Ppi3aHHSL.

KurouoBi ciioBa: 3y0000poOKa, cXeMu pi3aHHs, 3arapToBaHi KPYITHOMOJYJbHI 3yO4acTi Koieca,
OJIHOLITMHIEIBHI Ta IBOLIIHH/IEBHI CYIIIOPTH

A.A. KLOCHKO
MULTI-SPINDLE SCHEME FOR HIGH-SPEED GEARWORKING OF HARDENED
WHEELS

For finishing gear cutting of wheels of a large module, a method of intermittent rolling is proposed using
non-modular disk cutters (the dimensions of the cutter do not depend on the module), equipped with ceramic
plates and special milling calipers with a single-spindle and two-spindle cutting scheme, taking into account the
provision of all basic installation movements of high-speed non-modular disk cutters. The intermittent rolling
method is used on gear cutting and gear grinding machines and has the advantage that during the working
stroke of the tool, the wheel blank is stationary or makes a slight turn, i.e. processing proceeds, in comparison
with the running-in method, providing the highest contact rigidity of the tool and determines the ability of the
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surface layers of the gears that are in contact with the cutting edge of the tool to provide the cutting process.
Key words: gear cutting, cutting schemes, hardened large-module gears, single-spindle and double-
spindle calipers

Beenenue. J{i1s1 aicTOBO# 00pabOTKM 3aKaIeHHBIX KOJIEC Ha CTaHKax MoJl. SA342,
© A.A. Kiouko, 2021

5343, ¢upmer “MAAG” pa3paboTaHbl Be KOHCTPYKIMH CHEIHANBHBIX (Ppe3epHBIX
CYIIIIOPTOB: OJHOILITMH/EIBHAS, T1¢ B Ka4eCTBE CTAHOYHOM JIMHHUY 3alCIUICHUS Iaphl
MHCTPYMEHT — JeTalb HCIONIB3YeTCS HOPMalh K 3BOJBBEHTAM, PACIIONOKCHHAS
TOPU30HTANIFHO, MPOMMIIBHEIA YTOMI 3yObeB HHCTPYMEHTA- THCKOBOW (hDpe3bl OIIM30K K
a,=0". ®pe3a B NepBOHAYAILHBIA MOMEHT 00OPabOTKH PACIIONOKEHA CO CMEILICHHEM

OTHOCHTEJIFHO OCH KoJieca Ha pacdyeTHoe pacctosHuu [1, 3, 5]. O6paGoTtka npaBoii u
TIeBOi OOKOBBIX MOBEPXHOCTEW 3yObEB Kojleca OCYIIECTBISETCS pa3lesbHO, 00paboTka
BEJETCS 3a JBa MPOXOJa; JBYXIIMWHJAECNBHAS, PEAIM3YIOIIAs CXEeMY PpE3aHus IIpu
OJTHOBPEMEHHOW 00paboTKe 00enx OOKOBBIX IIOBEPXHOCTEH 3yOheB Kojeca C
HCTIONIb30BAHMEM JIBYX JTMCKOBBIX (DPE3, PACTIONIOKEHHBIX C HAKIOHOM Ha Yroi ¢ =20° .

[podubHbiii yrom 3yObeB (pessl paseH o, =0° .

OcHoBHasi yacTb. OTHOIMUHIEABHBIA CynmopT puc. 1 U puc. 2 cOCTOUT U3
OMOPHOM IJIMTHI 1, INMHAENS 2, ONPABKHU 3, IUIIIOHKH TOPLEBOU 4, KPENEKHBIX BUHTOB
5, aleKTpoaBHTaTeNsl 7, KIIMHOpEeMeHHOM nepeaun 8. JluckoBast pesa 6 3aKkperiseTcs
KOHCOJIHO Ha TOTO, KaKylo CTOPOHY 3yObeB HEOOXOIMMO 00paboTaTh, Ha CYIIIOPTE Y
CTaHaBJIMBAIOT (hpe3y JICBOPEKYIILYIO WU IPABOPEIKYILYIO.

B nporiecce o6paboTku quckoBast ppe3a COBEPIIAET BO3BPATHO-TIOCTYIATENBHOES
JIBIDKEHUE BBEPX-BHU3, aHAJIOTHYHO JIBIOXKEHHIO 3yOocTporanmbHOi rpebenkm.llocne
00paboTKH 0JTHOM OGOKOBOM MOBEPXHOCTH BCEX 3yObeB KoJeca Ha CYNIIOpTEe MEHAeTCH,
HampuMep, JIeBOpexymas (pe3a Ha MpPaBOPEXKYIIyl0, H3MEHSETCS HarpaBieHHE
BpallleHHs] M X0 Kojeca Ha oOpaTHbIe M MPOM3BOIUTCS 00paboTKa Ipyroi OOKOBOM
TIOBEPXHOCTH 3yObEB.
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27 ¢/ \J.

Puc. 1 - IlpunHnunuansHas cxeMa OQHOMITUHAEIBFHOTO CIIEICYIIOpTa K
3ybocTporansHoMy CTaHKy pupmbl «MAAT

Puc. 2 - PaGoyast KOHCTPYKIMS OJJHOIIIMH/EIBHOTO CIELCYIIIOPTa K
3ybocTporaibHOMY cTaHKY GupMbel «MAAI»: 1 - anexTpoaBuraress; 2 - KIIMHOPEMEHHAs
nepenava; 3 - MIHMHENb; 4 - qUcKoBast (pe3a, OCHAICHHAs KePAMUKOI
JIBYyXIIMUHIEIBHBIA CYIIIOPT COCTOUT M3 JBYX IINMAHACIBHBIX TOJOBOK (pHC.
3), kaxImas W3 KOTOPBIX HMMEET HE3aBHCUMBIH NPUBOJ W HAKIOHCHA HAa Yyroil
a, =20°. JleBas romoBKa HENOABHMYKHO 3aKpelUIeHAa HA YCTaHOBOYHOH ILIUTE.

HpaBaﬂ TOJIOBKA INEPEMEMIACTCA B HAIIPABIAONIUX P ITOMOIIA XOJ0BOI'0 BUHTA B
HalpaBJICHUH, IMapaJICIbHOM JIBUKCHUIO 3arOTOBKH.
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Puc. 3 - HpI/IHHI/IHI/Ia.]'ILHaH KOHCTPYKIMS ABYXIINHUHIACIBHOI'O CIELCYIIIOpTa K
3y00CTPYTralbHOMY CTaHKY
JuckoBeie dpe3sl 40 OMM TPUBOIATCS BO BPAIICHUE JICKTPOJABUIATEIISIMU
MomiHOCcThI0 P = 1,5kBT mocpencTBoM UepBAYHBIX TAp C IEpeJaTOYHBIM
OTHOIICHHEM u=4,75. YacToTra BpamieHHs TUCKOBBIX (¢pe3 cocraBiser 300

00/mMuH. PaccTosiHne Mexxay ANCKOBBIMHU (pe3aM BBIOMpaeTcs B 3aBHCHMOCTH OT
MOJIyJisi 00pabaThIBaEMOro 3y0uaToro Kojeca U U3MEHsETCs B Mpeaeniax oT 75 MM
10 150 mm. B kauecTBe cMa3ku 4epBSYHON Mapbl NPUMEHSETCS HEJIETMPOBAHHOE
macio rHApoBoe Mapku 52 o F'OCT 6411-76 [2, 4].

Ha puc. 4 moka3zaHa NpUHIMIHAIbHAS KOHCTPYKIMS OJHOLIIHHIEIBEHOTO
criernicynmopra K craHky mona. 5A342. CynmopT cocTouT W3 OCHOBaHMS 1,
MIPUCOEIMHAEMOTO K KOJOHE CTaHKa, IOIEpPeYyHOW TpaBepchl 2, Ha KOTOPOH
pasMellleHa MHCTPYMEHTallbHas KapeTka 3 C HMHIMBHIyaldbHBIM NPHBOAOM 4 U

muckoBol  dpesoit 5. TamremumanpHOoe mepememenue V,  TpaBepchl 2

OCYHICCTBJICTCA C MOMOLIBIO XOJOBOT'O BHUHTA 6, a BO3BPAaTHO-NOCTYIATC/IbHBIC
NepeMelICHN BBEPX-BHU3 KapCTKU 3 ¢ HHCTPYMEHTOM OCYHICCTBIIAIOTCA C
NOMOIIBKO BBICOKOMOMCHTHOT'O JJICKTPOABUTATEIIST U IHapHKOBOﬁ BUHTOBOU napsbl
(ILIBII) 8.
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Puc. 4 — IIpuHIMIHAIbHAS KOHCTPYKIMS OJHOIINHHACIBHOTO CIICLCYIIIOPTa K
BEPTUKAIEHO-3y00(hpe3epHOMy CTaHKY MOI. SA342

OTIHYUATENIEHBIMA OCOOCHHOCTSIMH CIICIICYIIIOPTa K CTaHKy Moa. 5343
SBIAIOTCS (puUcC. S5) HanuuuMe JBYX INNUHAENEeH | W 2, pacmoNoXeHHBIX IO
OTHOIIEHHIO K OCHOBAaHMIO 3 MOJ YIIOM g, =20°, u yBenuueHHas JUIMHA
HATIPaBJSIIOIIUX TpaBepchl 4, MO3BOJAIOMas oOpaboTaTe 3yOuaThle Koieca ¢
mumrHOM 3y6a b = 1500 mm.

Kaxpas u3 AByX TUCKOBBIX (hpe3 5 U 6 UMeeT WHANBUAYAIbHBIC TPUBOIBI 7 U
8, a paccTosiHME MEXy HUMH PEryJIHPYeTcs C IOMOIIBI0 YCTAHOBOYHBIX BUHTOB 9
u 10. Cymmopt no3BosseT oOpabaThiBaTh YIIydIIEHHBIE W 3aKaJeHHBIE 3yOuaThie
Koleca ¢ MoIyneM 3y0beB 10 M=50 MM, yrioM HakioHa 3y0beB 10 =15 u
HAPYXHBIM IHAMETPOM JI0 D, =3000 MM.
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Puc. 5 — TIpuHIMIHAIBHAS KOHCTPYKIHS ABYXIIIHHIEIBHOTO CIENCYIIIOpTa K
3y00(pe3epHOMY CTaHKY MOJI. 5343

O6a cynmnopra npeAaHa3Hau4eHbl I YUCTOBOH 0OpabOTKHU 3aKaJeHHBIX KOJIEC
UM TPHUBOIHBIX IMIECTEPEH pyJO- M  YIVIEPa3MOJbHBIX MENBHUI B3aMEH
3yOounutMdoBaHMss M C LENbI0 HCKIIOUEHHS KOOIEpalUd MNpPOU3BOJCTBA HIIH
npUoOpeTeHHs MUMIIOPTHOTO JIOPOTOCTOSIIIETO 3yoouutngoBaIbHOTo
00opynoBaHUs.

BoiBoabl. [lns  oOecriedeHHss  BBHICOKONPOM3BOAWTEIBHOW  00pabOTKH
3aKaJICHHBIX KPYITHOMOIYJIBHBIX KOJIec Ha 3y0o(dpe3epHBIX CTaHKaX MoI. SA342,
5343, 3ybOoctporampHBIX craHkoB «MAAG» Heo0XoaumMo IpUMEHEHHE
CIEIUAIBHBIX OHO U JABYXIIMHHIEIBHBIX CYIIIOPTOB, 00ECIICUNBAIONINX KAa4eCTBO
U TOYHOCTH 3y0000paboTKH.
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