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POTOPOB  C BUHTOBBIMH NpykKHHAaMH. Takue paboure opraHbl MPOCTBI B U3TOTOBIEHHH U, TaK e KAK i BHHTOBbIE
POTOPbI 06eCreYHBAIOT BO3MOXKHOCTS 06pabOTKH JleTasei POCTPaHCTBOM [5,6].

B Takux craHkax ofecneuMBaeTcs MPOCTPAHCTBEHHOE ABHXKCHHE NeTanell H 4actul pabouux cpen. Ha
PHC. 3 NpeiCTaBieHa CXeMa CTaHKa UIA OT/ENOYHO-YNPOUHSIOMIEH 06paboTku neTaneil B KOMOMHHPOBAHHOM
POTOpE C BUHTOBOH NPYKUHOMH, T. €. ¢ paGouMM OpPraHOM 1, M3rOTOBICHHBIM B  BHIE YCTaHOBJICHHOTO
HaKJIOHHO OTHOCHTEJIbHO FOPH30HTAaAbHONH OCH UMJIHHIDA,

Puc.3. Cranox ans OTA€N0MHO-3a4HCTHOH M YHIPOUHSIOWEH 06paboTky netaneii Ha 6ase KOMOGHHHPOBAHHOTO
pOTOpa € BUHTOBOH NpYKMHOH BBIMYKIOH GOPMEI:
1 — KOMGHHHPOBAHHDII POTOP; 2 — IPYKHMHA BHITYKJIOH dopmsr; 3 - nanda; 4 u 5 —Topuessie cTeHKH
KOMOGHHHPOBAHHOTO pOTOpa

C TOPUCBLIMH CTEHKaMH 4 H 5, Pa3MEUICHHEIMH N0l PA3HYHEIMH YIIAMH HE TOJBKO K TOPH3OHTAIbHOMN OCH
BPAILCHHS, HO M APYT K APYTy, IPH 3TOM MO BCeH AnuHe GapaGana CMOHTHpOBaHA NPYKHHA 2, BHITYKIOH
GopMbr ¢ MIOCKMM ceveHHEM BHTKOB, KOTOpas 0GOpYIOBaHA YCTPOMCTBOM JUISi W3MEHEHHS INAra BHTKOB
TyTeM €¢ pacTmkeHna wmn cxarud.  Cranok paboraer cuenyiouuM obpasom. Ilpu Bpamenun pabouero
oprasa 1  obpaGaTbiBacMble ACTalH W 4acTHUBl PaGoYMX CPEN COBEPIIAIOT ABHKEHHE IO Pa3sIHYHBIM
SJUIANTHIECKUM TPACKTOPHAM, PasMEphl KOTOPHIX MEHAIOTCA MO AuuHe paGoyero oprasa 1 B KakaoM
TIONEpEtHOM CEYEHHH, MNpPH ITOM 0OpaGaThiBaeMble J€TAanW COBEPIIAIOT CNOKHOE MPOCTPAHCTBECHHOE
ABHKCHHC B BEPTHKANBHOM MJIOCKOCTH ~ IO JIUIMITHYECKHM TPAeKTOPHAM, Tak Kak paboumii opran 1
BBINOHEH B BUJE HAKIOHHONO LWMIMHAPA, 3 B TOPH30HTAIBHOI MIOCKOCTH BO3BPAaTHO-MOCTyNaTeNbHOE. B
pesyibTaTe, MOTOK ABWXKyUMXCS 0OpabaThiBaeMbIX JeTaneil W wacTHn paGoumX cpex He CTallMOHapEH,
PasMEpEI 1 pACMONOKEHHE AKTHBHOTO BO3/ICHCTBHA AeTalell M YacTHU pabounuX Cpel 3aMeTHO MEHSIOTCH 3a
BpeMs 0aHOro o6opora paboyero oprana 1. [I03ToMy B pe3yNbTaTe HapylIeHUS yIOPAAOYEHHOCTH npouecca
ABMKCHHS  MacC 3arpyskd, JABMXCHHE MX CTaHOBHTCA GONee AKTHBHLIM, JUKBHAHDYETCS 30HA
MAJIONOABHKHOCTH, BO3PACTAET IHEPTOEMKOCTb COYNApEeHMi HMX Mek1y co6oil M co cTeHkamu pa6ouero
OPraHOB 1, a TaKxe TOPUEBBIX CTEHOK, 4TO 06ECHeYMBAET MOBHIIEHHE IPOU3BOAHTENLHOCTH 06paboTkH.
Tpouecc HeCTAHOHAPHOCTH ABUXKEHHA 06PabaTLHIBAEMBIX HeTanelf W “ACTHIL pabouux cpen ycyry6usercs
PacMONOKEHHEM TOPLUEBBIX CTEHOK 4 M 5, YTO CYIIECTBEHHO MEHAET HANPABICHHE ABHKEHUS MAce 3arpys3Kku
BIONIL OCH BpAlleHHs PaGOUMX OPraHOB 1 M CO3A2ET 30HbI Pa3AHYHOTO JAABJNEHUA TOPUEBHIX CTEHOK HA HTH
maccel. Tlo3ToMy Macchl 3arpysku mOA BO3AEHCTBHEM TeOMETPHYECKOTO YKIOHA pabouux opraHos 1 u
PasHOCTH JaBJNCHHA TOPUEBLIX CTEHOK SJIMNTHYECKOH QOPMEI 4 W 5 ApYr K APYry W K HX OCH BpalleHHs
MMEIOT BO3MOKHOCTh HE TOJNBKO JBHIaThCsl MO COXKHBIM TPAEKTOPHAM, HO H MEPEMEIIAThCS B OCEBOM
HAIpaBICHHU OT 3aTPY3KH K BbITPy3ke. ITOMy CHOCOGCTBYET W CMOHTHDOBAHHAS BHYTDH NpYKHHA
pactsokenns 2. MBTOTOBNEHHbIH H MCIBITAHHBIA CTAHOK NMOKa3an 3 (EKTHBHOCTD OTACIOTHO-3a4HCTHON
YNpouyHsiome# o6paboTku ¢ paGouHMMH OPraHaMH B BHAE KOMGMHHPOBAHHBIX BHHTOBBIX poropoB. Kaxk
TIOKa3aH SKCTIEPUMEHTANIbHEIE HCCIIEI0BARMS ONTUMATBHOH YacTOTOM BpameHus pabouero oprana seisercs 60-
65 06/MuH.

TIpoBencHHbIE HCCIIEI0BAHMS TTOKA3AIH:

- HanGoNbIIEe BIHAHAE HA NPOM3BOMMTENBHOCTH OGPAGOTKH B BUHTOBEIX U KOMOHWHHPOBaHHBIX POTOpax
MMECT 4acTOTa BpallleHHs pOTopa. Buauane, ¢ yBemMuenueM CKOPOCTH BpalleHNS, OHA HaPACTaeT 10 JHHEHHO
SaBHCHMOCTH, TOTOM OCT2€TCS OJMHAKOBOH, 3aTCM HHTEHCHBHO CHIKAETCS M HACTYNIAET MOMEHT, KOTja
UEHTPOGEKHbIE CHITbI HHEPLHH GYIyT paBHbI Wi G0MblIe Beca 0GpabaThiBaeMbIX JieTanei;

- ONTHMAJIbHBIH KO3 QHIMEHT 3aII0/IHEHHA BHYTPEHHEH MOI0CTH BUHTOBOIO poropa Ky =0,4994;

- ONTUMAJIbHBIH KO3()OUIMEHT 3aNI0/IHEHNUs BHYTPEHHEH OI0CTH KOMGHHHpPOBaHHOTO potopa Ky =0,55;
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- CbeM MeTajlla ¢ 00pabaTeiBaeMBIX NeTaneilf B BHHTOBBIX H KOMOMHHPOBAHHBIX POTOPax IMPOHCXOAMT
HETIPEPBIBHO, IIPAKTHIECKH C OCTOSHHON CKOPOCTHIO;

- C YBEJIMYEHHEM IUIOIIAJX MPOXOJHOrO CEeYEHHs BHHTOBOTO POTOpa CKOPOCTH MPONONBHOTO JIBHXKEHHS
MAcCC 3arpy3Ku yBETMYMBAETCS IPUMEPHO B IMHEIHOH 3aBUCHMOCTH;

- TIPH OT/IETIOYHO-3a4UCTHOH M ynpodHsomei o6paboTke B BUHTOBBIX M KOMOMHHPOBaHHBIX DOTOPAx
JIOCTHIaeTC MPUMEPHO Ta K€ 3(HEKTHBHOCTH, B YAaCTH YIYYIICHHS COCTOSHHS MOBEPXHOCTHOrO ClOs M
IIEPOXOBATOCTH NOBEPXHOCTH, YTO U TpH 06paboTke Ha CTaHKAaX C MpHMeHeHHeM BHOparopoB. OnHAKO BpeMA,
3aTPayHBAEMOE Ha IOCTHXXEHHE PABHO3HAYHOrO 3dpekTa, B POTOpaX 3HAYMTEIBHO MEHbILE;

PesyabTaThl MccleNOBaHHHA W3MEHEHHS Ka4ecTBA M MHKPOTBEPLOCTH MOBEPXHOCTEH, 06pabOTaHHBIX B
Npe/UIaraeMblX KOHCTPYKLMAX CTaHKOB IS8 OTJEJOYHO-3aYMCTHOH M yNpOYHsIomeH 0o6paboTku neraneit
TIOKa3bIBAIOT, YTO BPEMs OTAENOYHO-3aYMCTHOH M YNpouyHstomeid oOpabOTKH TNpPOCTHIX KOHCTPYKUMH neraineit
cocTaBnseT He Gonee TpeX MHHYT, YTO OGECIEYMBAET WHTEHCH(HMKALMIO NMPOLECCa OTAEN0YHO-YNpOUHSIoueH
06paboTku eTanelt M paciuMpsieT TEXHOIOTHYECKHE BO3MOKHOCTH CTAaHKA.
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2. BAUBPOBOJTHOBBIE TEXHOJIOT M OTAEJOYHO-YIIPOYHSIOIEN 1
CTABIWJIN3UPYIOUIEN OBPABOTKHA MATEPHUAJIOB

YIK 621.793

ONPENEJEHUE BPEMEHM OBPABOTKH UL YIAJIEHUA 3AYCEHIEB ITPH
BUBPOABPA3HUBHOM OBPABOTKE JETAJIEA, UMEIOLUMX MAJIBIE IIA3BI U
OTBEPCTHUS

M.A. Tamapxus, E.H. Konranora, B.A. YepHurosckuii*
JloHCKO# rocyiapCTBEHHBIH TeXHUUECKHii yHuBepCHTeT, I. PocToB-Ha Jlony, Poccus
*Cesepo-Kaka3sckuit penepanbhbtit yHusepcurer, r. CraBponons, Poccus

Aunoranus. Mccnenosad mnponecc BHOpaUMOHHOH 00pabOTKM AeTaned, HMEIOIMX Maible Nassl H
orsepctusa. [IpuBeNeHbl 3aBHCHMOCTH AN pacyeTa oObema MeTauia, yAAIEHHOTO 33 OJMH yaap aGpa3sHBHOIM
YaCTHIIBI C MOBEPXHOCTH AETaNH, pasMepa MOoIyoceil MMTHA KOHTAaKTa, BpEMEHH yaaneHus 3ayceHua. IlonydeHHble
33aBUCHMOCTH TIPOILIH 3KCNIEPUMEHTANBHYIO NPOBEPKY H TMONOXEHH B OCHOBY METOAMKH ONTHMH3ALMH
TEXHOJIOTHYECKHUX NPOLIECCOB.

Kawouesbie cioBa. Buﬁpaunonﬂaﬂ OGPKGOTKK, Cpella OpraHM4YeCcKoro NpouCXoX/ACHHUs, 11IEpOXOBATOCTh,
MHKPOHEPOBHOCTb TIOBEPXHOCTH, 3aYCEHLIbI, CKPYTJIEHHE KPOMOK.

Abstract. The process of vibration processing of parts having small grooves and holes is studied.
Dependences are presented for calculating the volume of metal removed from a single surface of a part, the size of
the semiaxes of the contact spot, and the time for deburring. The obtained dependences were tested experimentally
and are used as a basis for the optimization of technological processes.
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KOMILIEKCHBIE TEXHOJIOTHHM HLIU®OBAHUS, NIOJTUPOBAHUA U YIIPOUHEHUS
NOBEPXHOCTHOTO CJIOS JETAJIER

Jlebenes B. A., Cepra I'.B. {émun I'.B.
JIOHCKOH roCy1apCTBEHHBIH TeXHUUECKHUI YHHBEpCHTeT, I.PocTos-Ha-Mlony, Poccus
Ky6auckuii rocynapcrsennsiii arpapusiit yausepcurer umenn M. T. TpyGununa, r.Kpacronap, Poccus

AHHOTAaUMA. B cTaThe NpeanaraloTcs KOMIUIEKCHBIE —TEXHONOTMM NOJMPOBAHHS M YNPOUHCHHS
MOBEPXHOCTHOTO CNOA JeTanedl M CTaHKH JUIA MX peanu3audu. JIpeMMylnecTBa BO3HMKAalOT 3a CYeT
BLINOJHEHUS pPabodyero opraHa CTaHKa CHHPANbHOH (OPMBI C BHHTOBBLIMH TOBEPXHOCTAMH, B BHjE
KapMaHOB TpeyronbHOH (opmbl M ObecrieyeHHs OJHOBPEMEHHOrO BO3JEHCTBHA HAa Macchl 3arpys3ki
Kkonebanuii CpABHUTENBHO GOMBIIKX aMITHTY X ¢ HeGONBIIMMH  HACTOTAMH M BBICOKOYACTOTHHIX KONEGaHMi ¢
MaibiMM 3HAYEHHAMM AaMIUIMTY], YTO PAacCIIMPAET  TEeXHOJNOTHYECKHE BO3MOXKHOCTH M yBENHUMBAET
NPOM3BOAMTENBHOCTD. IIpHBeeHB PEKOMEHIAUMHU 10 MCIIOJIB30BAHUIO PA3TMYHBIX THIOB PabOYMX OPraHOB
ans o6pabaTeiBacMbIX aeTaneif pasHO KeCTKOCTH.

KutodeBble c10Ba: KOMILIEKCHBIE TEXHONOTHH, paGOUHii Opran CnupansHON GopMsl, KonebaHus .

Abstract. The article offers complex technologies for polishing and strengthening the surface layer
of parts and machines for their implementation. Advantages arise due to the execution of the working
element of the machine spiral form with screw surfaces, in the form of pockets of triangular shape and to
provide simultaneous action on the load masses of oscillations of relatively large amplitudes with small
frequencies and high-frequency oscillations with small amplitudes, which expands the technological
possibilities and increases productivity. The recommendation on the use of different types of working bodies
for the machined parts of different rigidity is given.

Keywords: complex technologies, working element of a spiral shape, oscillations.

AHAnM3 TEXHONOTMH M TEXHHHECKMX CPEACTB s WIMGOBAHMA, TOJIMPOBAHUS W YNPOUHEHHS
TOBEPXHOCTHOTO €05 AeTaned [1] mokasan, YTo MEPCIEKTHBHEIM HAMpABICHHEM B Pa3pabOTKE TEXHHUECKHX
CPEACTB ISl PealIN3aLliH TAKHX TEXHOJIOTHH ClIelyeT CYMTaTh KOMOHHHPOBAHHBIN mpouece o6paboTkH meTaneit n
uacTuil paboumx cpej (Macc 3arpy3ku) C HCMONb30BaHHEM KONEGAHHMH CPAaBHMTEIBHO GONBUIAX AMILIHTYJ,
C0371aBaCMbIX NIPH JBHXKEHHH Macc 3arpy3kd M HX BCTpeYe C 3Wr3arooGpasHOil MOBEPXHOCTBIO KOHTeiiHepa
HAlIOXKCHHUEM HA OTH CIIOKHBIE [BM)KCHHMS BBICOKOYACTOTHBIX KONEOAHMH MalblX aMIUIMTYJ, CO3/2BAEMBbIX
Bnﬁpa'ropom‘ Takue TeXHOJOTHH Ha3BaHbl HaMH KOMIUICKCHBIMH TEXHOJIOTHSIMH. l'lpe)maraemasl TEXHOJIOTHs
JOJ/DKHA HE TOJBKO TNPMAABATB MAccaM 3arpy3KM BBICOKOYACTOTHbIE KONEOaHMA C Mayoil aMILIMTYIOH,
06pa3oBbIBaTh AONONHUTENbHEIE CMENIMBAIONINE TOTOKH H 00ECIEYHBATH «AKTHBALMIO» MACC 3arpy3kd, HO U
CO371aBaTh JOCTATOYHOE KOIMYECTBO MPOTHBOTOYHBIX KOHBEKTHBHBIX [IOTOKOB MaccC 3arpy3kd ¢ GOIbIOH
aMIUIUTY/I0# ¥ MaJIOH 4acTOTO# JBHXEHHS ¥ MHTEHCHBHO 3aBHUXPSTH HX.

TMpumeneHne KOMIIEKCHOTO METO/Ia BO3NIEHCTBUA Ha 0OpaGaThiBaeMble JeTald H 4acTHUBl PaGOuHX cpea
TIO3BOJIMJIO CO3/1aTh HA JTOH OCHOBE UENbIH Psijl cTaHKOB [2,3]. TO HaXEKHOCTH paGOTHI OGOPYI0BAHUS H BRICOKAS
TNPON3BOAMTENBLHOCTh, OOYC/IOBNEHHAs HENPEPBIBHOCTHIO 06paGOTKH JeTanell B paboumx OpraHax-KOHTEHHepax
npoxoaxoro tana. Takod ctanok (puc. 1 u puc. 2) comepxut paboumii opran 1, XKecTKoO 3aKpemieHHbi Ha
mnarpopMe 2, KOTOpas YHpyro, ¢ HOMOIIBIO HYETHIPEX PE3HHOKOPAHBIX GAIOHOB 3, CMOHTHpOBAaHZ Ha
ocHoanuu 4. Ha miatdopme 2 ecTKO 3aKperyIeHO 3arpy304YHOE YCTPOHCTBO 5, M CHH3Y K muiatdopme 2,
TaK)Xe JKECTKO MpUKpelieH BHOpaTOp 6 ¢ TOPH3OHTaNbHOH OCbI0 BpameHus. CTaHOK CHaGxeH
Pasrpy304HEIM ycTpoiicTBoM 8 ans npuema o6paGoTaHHBIX A€Tanell M 4acTHI PabouMX Cpea ¢ MOMOUIBI
cknu3a 7.
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Puc.1. CraHok ans mianudOBaHUs, NOIHPOBAHKS U YIPOUHEHHS TOBEPXHOCTHOTO CI0S A€TajeH:
1- pa6ouwmii opran craHka; 2- nnatdpopma; 3-4eThipe Pe3MHOKOP/IHBIX GainoHa;
4- ocHOBaHWMeE; 5- 3aTPy304HOE YCTPOHCTBO; 6- BUGpaTOp; 7- CKiIM3, 8-pa3rpy30uHoe ycTpoHcTBO, 9-
pasrpy3o4Hoe OKHO

Bubpartop 6 CMOHTHPOBaH MOA TIATGOPMOii 2 TOPH3OHTANBHO H TOJITOMY OfecnednBaeT ABHKEHHE
o6pabaTbiBaeMBIX JeTaneil W wacTMu pabounx cpeid BHYTpW pabouero oprana 1, moa Bo3deHcTBHEM
Bubpatopa 6, 0O OJIIMNTHYECKUM TpaekTopusm. IIpu JBMXeHMM Macc 3arpy3kdi M HX BCTpedd C
3Ur3aroo6pasHOl MOBEPXHOCTBIO paGouero opraHa | H3MEHAETCA IBHXKEHHE TOTOKOB MAacc 3arpy3kH, TaK Kak,
BCTpedasCh C DACIONOXKEHHBIMM IOJ, PasHBIMH YIIamMH JIPYr K JAPYTYy M K ocu pabodero oprana I
3Mr3aroo0pasHBIMH  [OBEPXHOCTSMH, CO3/IAKOTCA TNPOTHBOTOYHBIE KOHBEKTUBHbIC IIOTOKH — MAacC 3arpyskd,
JBWKYIMXCA BHYTpH pabouero oprava 1 co CpaBHMTENBHO GONBINOH aMIUIMTYZOM M Mano# yacToTOH H
HANIOXKEHUEM HA JTH CJIOKHbIE JBHKEHHS MAacC 3arpy3Kd BBICOKOYACTOTHBIX KOJNEGaHuH MaibiX aMmIUIMTYA,
co3/1aBaeMBbIX BHOPaToOpoM.

PaGouwmii opran 1 (puc. 2) U3rOTOBNEH CIMPAIbHBIM C BUHTOBBIMHM KAHABKAMH TPEYroJbHOH GopMbl
2, 3, 4, 5, 6, 7 no BHyTpeHHeil NMOBEPXHOCTH M TO HAapyxHO} mnosepxsoctd 8, 9, 10, 11, 12, 13,
PacCIONOXEHHBIMHM BHYTPH M CHapyXKH IOIEPEYHOTO CEYEHHs MyCTOTeIoro paGoyero oprana 1, TEXHOIOTHS
M3rOTOBJIEHHUS KOTOPOTO IpeacTaBieHa B paborax [2].

Puc.2. Pabounii opran cTaHKa:

0. — yroJjl HaKJIOHa BHHTOBBIX JIMHAHA U BUHTOBBIX KaHAaBOK K Cﬂ}‘lpaﬂbHOﬁ OCH IMyCTOTEJI0r0 TOHHENA
cnupanbHoit hopMbI cniupansHOTO padouero oprana 1;2,3,4,5,6,7 — BUHTOBEIE KApMaHbl TPEYroNbLHOM
(GOopMbI 10 BHYTPEHHEH 0BepXHOCTH pabouero oprana 1; 8,9,10,11,12,13 - BHHTOBbIE KapMaHBI
TpeyronsHo# (GopMsI 10 HAPY)KHOH IOBEPXHOCTH paboyero opraua 1

B pesynbrate 06pasyeTcs MyCTOTENBIH CHMpanbHpid paGounii opraH 1 MPOXOZHOTO THNA, C OCBIO
cummerpuu 01-0;, CKpydeHHOH BOKDYr LEHTPaibHOH npsamonuueitHo# ocu 02-02 no muametpy Dep , €
o6pa3oBaHHEM cIMpanbHOro pabouero opraHa 1 ¢ HapyXHBIM IHaMETPOM Dmax W BHYTPEHHHM IHaMETPOM
Duin (puc. 3).

Taknum 06pa3oM, TyCTOTENbIH TOHHENb paGodero oprana 1 cTaHka ¢ COGCTBEHHON CIAPANbHOMN OCHIO
cummerpuu 0;-0; cBepHYT mo 3Toil cnupamu 0;-0; BOKPYN LeHTpanbHO# npsMonuneiinoit ocu 02-02 m
obpasyer cnupainbHbIi paGoumii opran 1 ¢ KaHaBKOW MO HapyXHOH NOBEPXHOCTH TMOA YIJIOM O K
COHpATLHOM 0CH MYCTOTENOr0 TOHHENs CIIMPanbHON GOPMEI CrIHpanbHOro pabouero oprana 1 cTaHka.
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Puc.3. Cxema nsrotosnenns pa6ogero oprana 1 cTanka s IHGOBAHUS, IOTHPOBAHHUA U YIIPOUHEHUS
TIOBEPXHOCTHOTO CJIOS JeTaleit:
1-nonepeunoe ceuenne pa6ouero oprana cTanka; Dmax # Dimin - HapyKHBIA U BHYTPEHHUI AHaMeTphbl
pabouero oprana cTaHka; Dmin —BHYTpeHHHI AnameTp pabodero oprana cranka; 0;-0;- och
CHMMCTPHH CIHpasNbHOTO pabodero oprana cramka; 0,-0; — uenTpanbHas NpAMOJIHHEHas ock pabouero
OpraHa cTaHka; Sj- LIar CIHPaILHOro paGoyero opraHa cTaHka

CTaHOK s  muHOBAaHMS, MONHDOBAHMA M YUPOYHECHNS IOBEPXHOCTHOrO clos aeranei (puc.3)
paboraet creayomum o6pazom.

C nomompelo BuGpaTopa 6 uepes CTEHKH mraTgopmbl 2 U paboyero opraua 1 BO3MyLIAOIIas CHia
TIEpeNacTCs MOCTYNAIOUIMM BHYTPh  HENMPEPLIBHBIM TOTOKOM Hepe3 3arpy30uHoe npucnocobnenne 5,
o6pabaTeiBacMbIM [€TaNAM M YacTHLAM paGounx cpen. Bubparop 6 cmonrnposan nox nnarhopMoit 2
TOPH3OHTAJBHO M MO3TOMY obeclieuMBaeT He TONBKO BO3NEHCTBHE HA MacChbl 3arpy3KH BbICOKOYACTOTHBIX
KoJeOaHHH MaNbiX aMIUIATYA, HO M IPHIACT MM ABHKEHHE BHYTpH pabodero opraxa 1 mo naunTHYecKuM
TPaeKTOPHsAM. [IpH TaKOM ABHKEHHH Macc 3arpy3kd M HX BCTpede C 3Ur3aroo6pasHol MOBEPXHOCTBIO pabouero
Oprana 1 M3MEHJeTCA JBMXEHHE MOTOKOB Macc 3arpy3ku, Tak Kak OHH, BCTPEYAACh C PACHONOKEHHBIMH 0]
PA3HbIMHM yraaMu Jpyr K ApYry M X ocu pabouero oprama | 3ursarooGpasHeiMu MOBEPXHOCTAMH, CO3MAIOT
TIPOTHBOTOUHAIC KOHBEKTHBHbIE NMOTOKH — MacC 3arpy3kH, ABHMXXYLMXCA BHYTpH pabouero oprana 1 co
CPaBHUTENBHO GOJBINOH AMIUIMTYI0H M MaloH YacTOTON ABHKEHHS W HANOKEHHEM HA 3T CIIOXKHBIE JIBHKEHHA
BBICOKOYACTOTHBIX KONEOAHWH MaiblX aMIUIMTYH, CO3/aBaeMBbIX BuGpatopom. Ilpu sToM, o6paGaThiBaembie
ACTAH U H4aCTHLE paboduX CPER COBEPLIAIOT BPAWIATENbHOE ABHXEHHE 110 BEPTHKAJLHBIM JJUIMITHYECKHM
TPAcKTOPHAM, HPH KOTOPOM H NMPOMCXOAWT mpouecc obpaGorku. Ilpu 3ToM o6GpaGaThiBaeMsie neTann
HaCTHUEI pabounX CpeJi, He TOJIBKO HHTEHCHBHO B3aHMOJEHCTBYIOT JApYr ¢ IPYroM, HO H MOJ BO3AEHCTBHEM
BHOpalMK COBEPLIAIOT BPALIATETLHOE ABHAKEHHUC B IIOCKOCTH, TIEPNEHMKYISAPHOH NPOXOAHOMY CEYeHHIO
pabodero oprana 1. Tak kak nmo AnMHe paboucro oprama 1 Pa3Mephl NONepeyHoro ceueHus, Gopma u
PAcloNOKEHHE MEHSIOTCS, TO YCYryOIIAeTCs HApYIAeMOCTh ABHKEHUS 0GpaGaThIBaeMBIX neTaneil 1 4acTHI
paGoumx cpen, KOTOpbie NPH ITOM, B3aHMOIEHCTBYS CO CTEHKAMH pabouero oprana 1, nepememaioTcs ot
3arpyskd K Beirpyske. Hanuume B paGoueM oprame 1 BHHTOBEIX TOBEPXHOCTEH MO  €ro mepumeTpy
CIOCOGCTBYET HE TOMbKO YCIOKHEHUIO TPAEKTOPHIA JABUKEHHS 00pabaTbiBacMBIX feTanel U 4acTHI pabounx
CPeJl, HO U HX MEPEMCIIEHHIO OT 3arPy3KH K BBITpY3Ke.

OGpabaTriBaeMble JIeTann M 4acTHUB! PaGodMX cpen [I€PEMEIIAIOTC  BHYTPH pabodero opraa c
M3MEHSIOWUMCS TI0 pOpMe M PasMepaM NPOXOIHBIM CCUCHHEM, B pe3ynbTate 06pasyloTCs MonepeMeHHO
SOHBI CXKAaTHA M Da3pHKEHHA B KaXKAOM CeueHHH paboyero oprama 1 mo Bceil ero IUTHHE, YTO TOXe
uHTeHCHGUUMpYeT npoumecc o6paboTKH meTamed  u PacuIMpseT TEXHOJNOTHYECKHE BO3MOXHOCTH.
O6paGoTaHHble €Tamu M YACTHULBL pabodux cpes, 4epe3 pasrpy304HOE OKHO 9, BHIBOAATCH C TIOMOILBIO
CKin3a 7 B €MKOCTb 8.

IIpoBeneHHbIe HCCaENOBAHNS MOKA3ATH:

- pabounit opran 1 (puc. 2) MoxeT GbITh H3rOTOBJICH CIHUPaNbHbIM C BUHTOBHIMH KaHaBKaMH He
TOJNBLKO TPEYroNAbHOH, HO M BOJIHOOGpa3HOH dopmel [3], a Takxke BLIMYKIOH HJIM MHOrOYrombHo#t ¢opMoii
[0 BHYTPEHHEH M MO HApYKHOH IOBEPXHOCTAM, PACIONOKEHHBIMH BHYTPH M CHAapYXH IONEPEYHOro
CeueHHs MmycToTenoro paboyero oprana 1;

- B 3aBHCUMOCTH OT JKECTKOCTH 00palaThiBaeMBIX JeTanell PEKOMEHIYETCS BHIMONHATH pabouuit
oprai | cTamka Ans MWIHGOBAHMA, NOTMPOBAHHS H YIPOYHEHHS NOBEPXHOCTHOrO CJI0S AeTaneii:

a) s 06pabaThiBaeMBIX AeTanell GONBLIOH KeCTKOCTH pabouuii opran ¢ nomepedyHIM ceueHHeM
TpeyroabHoi dopmsi [2];
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6) mns obpabaThiBaeMBIX A€Taneil Majoil JKECTKOCTM paboumii oprad ¢ MONEPEUHbIM CCUCHHEM
BonHOOGpa3Hoii Gopmsl [3].

TeXHHKO-3KOHOMUYECKHE MPEHMYIIECTEA NPe/IaraemMoii KOMILICKCHOM TeXHONIOrHK —wundoBanus,
[I07TUPOBAHHA M YNPOYHEHHs NOBEPXHOCTHOTO €O AeTanell M CTAHKOB Ul HX peaiu3aluy BOIHMKAIOT 33
CyeT BBIIOJHEHHA paboyero opraHa CTaHKa CIMPanbHOH (OPMBI C BUHTOBLIMM MOBEPXHOCTAMH, B BUAC
KapMaHOB TpeyronbHOH GOPMbl M oObecreueHus —ONHOBPEMEHHOTO BO3NCHCTBHS Ha MACChl 3arpy3ki
KoneGanHii CPaBHATENBHO GOIBLIKX AMILTUTY,I ¢ HEGONBUIAMM  YaCTOTAMH M BHICOKOYACTOTHBIX konebanui ¢
MATBIMM 3HAYEHHAMM aMIUTHTYA, 4YTO pPAcCIIMpPseT  TEXHOJOTMYeCKHe BO3MOXHOCTM M YBEAHYMBACT
NPOU3BOXUTENBHOCTD.
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doi:10.1088/1757-899X/327/4/042062.
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VK 621.01

NPEJINOCBIJIKY TIPUMEHEHUSA JIOTOJTHUTEIBHOM YIIPOUYHSIOLIENR OBPABOTKH IINJA
JUUISI NOBBILIEHUS YCTAJTOCTHOM 1OJTNOBEYHOCTH JETAJIEH

Motpesko ILI', Tlactyxos ®.A.%, Maxcumos J1.B.', Bouetko cH-
'TIAO «PoctBepron», Pocros-Ha-Jlony, Poccust
2J]0HCKOM roCy1apCTBEHHBIIT TEXHUIECKHUIt yHHBEpCHTET, PocToB-Ha-JloHy, Poccus

AnnoTauusi. B CTaTbe NPENCTABIEHBI PE3YNLTATH OIKCIIEPHMEHTATHHBIX HCCIIe10BaHHi BIIHAHUA
JIONOIHATENbHON  ynpounsoweii obpaborku IIIJ] Ha nopslmenue YCTaIOCTHON J0rOBEYHOCTH JeTalei.
Y CTAHOBIIEHO, YTO IPUMEHEHHE YIPOIHEeHHs fieTaneii B IpoLecce IKCIUlyaTalnu nveeT SpPeKT Npu yCIoBHH, eCi
CTeneHb yNPOYHEHMS TOBEPXHOCTHOro cios, oGecneumpaemas III1JI, He NpeBbILIACT NPEICHLHO NOMYCTHMYIO
BeTHUMHY, CBOMCTBEHHYIO KOHKDETHOMY Matepuary. CHENaHO 3aKMIOYEHHE -AiA OGECTICHEHMS MOBBINCHMS
YCTAOCTHO# JIONTOBEYHOCTH PEXHMMBbI  IONOTHHTENbHOR ynpounsiowel 06paGOTKH A0MKHBI ObIT COrNACcOBAHb
¢ NPONOJIKUTETBHOCTHIO (KOTHYECTBOM ILHMKIOB) MPOMEKYTOYHOTO LHMKIOBOTO HAIPYAEHHS, KOTOPOE Taluke
CONPOBOXKIACTCS Pa3BUTHEM  YNIPYTO-IUIACTHYECKOH JeopMalldy B MOBEPXHOCTHOM C/O€ M Kak CICACTBHC
MOBBLIIEHHEM €0 HANPSKEHHOIO COCTOSHMSA

KiloueBble CI0Ba: yNPOUHEHHe, IOBEPXHOCTHOE ILIACTHYECKOE 1e(pOPMHPOBAHUE, —YCTANOCTHAA
JIOJITOBEYHOCT.

Abstract The article presents the results of experimental studies of the effect of additional hardening
treatment of PPD on increasing fatigue life of parts. It is established that the use of hardening of parts during
operation has the effect provided that the degrec of hardening of the surface layer provided by the DPD does not
exceed the maximum permissible value inherent in a particular material. It was concluded that in order to increase
the fatigue life, the additional hardening treatment regimes should be coordinated with the duration (number of
cycles) of the intermediate cyclic loading, which is also accompanied by the development of elastic-plastic
deformation in the surface layer and, as a consequence, the increase in its stress state

Key words: hardening, surface plastic deformation, fatigue life.

HajexHOCTh M pecypc AeTanel MallMH B OCHOBHOM OIPECHSETCS KaUeCTBEHHBIM COCTOAHMEM HX
[IOBEPXHOCTHOTO CJIOSl, SBIAIOUIMMCH HOCHTENEM KOHCTPYKTHBHBIX, TEXHONOTMYECKHX M OKCILIyaTalHOHHBIX
KOHLIEHTPATOPOB HANPSKEHHii, BETHYHHA W XapakTep KOTOPHIX MPEJONPENeNsioT YCTalOCTHOE paspyuleHue
KOHCTPYKUMM B OJKcrulyataumu.  HauGosiee CyIECTBEHHBIMM C TOYKM 3pEHMSA OIKCILIyaTaltii CBOHCTBAMH
[IOBEPXHOCTHOTO CNIOSL  JieTanedl, ONpEACNSIOUMMH  YCTAlOCTHYIO MPOYHOCTD, ABILIOTCA  UIEPOXOBATOCTE,
MHKDOTBEPIOCTh H YPOBEHb OCTATOUHBIX Hanpsbkerui [1,2].

TpebGyeMmble MapaMeTpbl KayecTsa MOBEPXHOCTH M NPAKTHYCCKH GONIBLINHCTBO  BAKHEHIIHX
IKCILTyaTalMOHHBIX CBOMCTB JieTanell MauiMH MOTYT ObiTh OGecncueHbl MpoUeccaMu yNpOuHEHHS HX METO10M
[IOBEPXHOCTHOTO TLIACTHYECKOTO Ae)OPMHPOBAHHS, MAKCHMAIIBHO NIPOABIAIOUIUMH NOTEHIHATLHbIE BO3MOKHOCTH
marepuaia. Ynpounenne metogiom IT1/] npHBOAHT K MOBBLILICHHIO TI0BEPXHOCTHOMN TBEPAOCTH, OOPa30BaHUIO B
MOBEPXHOCTHBIX ~CJIOAX J€Taleil  OCTATOYHBIX ~HANPMKEHHH CKaTHA M 61aronpUATHOMY — M3MEHEHHIO
MHKDOrCOMETPHH TOBEPXHOCTEH. B pesyibTate B 3aBHCHMOCTH OT QyHKIMOHANLHOIO HasHAYCHUS M ycnosuit
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AnHorauus: IlpenctasieH 0630p KOHCTPYKUMM CMEHHOH BCTABKH YCTPOHCTB C  BpAIAMOLIAMCA
JIEKTPOMArHuTHeIM ~ nosiem  (BOMII), no3Bonsmomell  yBenMYMBaTh  MHTEHCHBHOCTh  B3aMMOIEHCTBHS
(beppoMarHuTHLIX YacTHI ¢ 0GpabaTeIBaeMOii IOBEPXHOCTLIO, @ TAKIKE PACUIUPATH TEXHOJOTHYECKHE BO3MOKHOCTH
METO/1a MarHHTOIMHAMHYECKOM yHpOoUHsIome o6paboTKH.

Knouesbie cioBa: YcTpoHCTBO ¢ BpaIaloUMMCs 3JIEKTPOMATHMTHBIM [I0€M, MAarHHTOXMHAMHYECKAS
ynpouHsomas 06paboTka, GpeppoMarHHTHbIE YaCTHIIBL.

Abstract: A review of the design of the replaceable insertion of devices with a rotating electromagnetic field
(VEMP), which allows increasing the intensity of interaction of ferromagnetic particles with the treated surface, as
well as expanding the technological capabilities of the method of magneto-dynamic hardening treatment.

Key words: A device with a rotating electromagnetic field the magneto-dynamic hardening treatment, the
ferromagnetic particles.

AHanu3 cymecTBytomnx metoaos IMIIJ[ NOKa3bIBAET, 4TO OHM HAXOAAT OIPAHHYEHHOE MpPUMEHEHHE B
MPOMBINIEHHOCTH MO NPHYHHE BBECHHA B TCXHOJIOTHIECKHU NPOLIECC AOTIOMHMUTENBHOM ONEpaty ynpouHsiomet
06paboTkH, yBeTMYHBAIOIIEH ceGECTOMMOCTD H3rOTOBNEHNA AeTanedd [1]. B cBasu ¢ 3TuM Bo3pacTaeT AKTyaJbHOCTh
paspaboTKé  BLHICOKOTPOM3BOMMTENBHEIX MeToxos IIIIJl, B TOM d9HCNE peanM3yeMBIX Ha OCHOBE paHee
HEHCTIONb3YEMBIX BHOB SHEPTHH.

Bonbmoii  HayuHO-mpaKTHYECKHM# HHTEpEC NpPEACTABIAET HOBBIH METOJ  MArHHTOAHHAMUYECKOH
ynpouHsiomeit 06pabotkn [2 - 7], mpu KOTOPOM YIpOYHEHHE MOBEPXHOCTH AeOPMHDPYIOUIMMH 3IIEMEHTaMH
OCYHIECTBJIACTCA 33 CUET SHEPIHA MAarHUTHOTO TOJIS.

PesynbraTbl SKCIEPHMEHTATLHBIX HCCIEIOBAHMH I103BOJNMIM YCTAHOBHTh, YTO MATHMTOJHHAMHMYECKA
YIpOUHAOWas 00paGoTka BHYTPEHHEH IOBEPXHOCTH KOMBLEBBIX 06Pa3LOB 06eCeTHBAET NOCTHKEHHE CIIEAYIOIUX
XapaKTEePHUCTHK:

— CHH)KEHHE MCXOJIHOH IepOX0BATOCTH NOBEPXHOCTH ¢ Ra 1,6 Mxm 10 Ra 1,1 mMxm;
— U3MEHEHHE OCTaTOYHBIX HANPMKEHHH CKaTHA OT -0 ¢ -60 10 90;
— MHKPOTBEpPAOCTH noBepxHocTH ¢ 1,8 I'a no 2,6 I'Mla.

B Hacrosmee Bpems paspaGoTaHbl KOHCTPYKIMH YCTPOMCTB AN MArHUTOJMHAMHUECKOH 0BPaGOTKH
IJIMHHOMEPHBIX TOHKOCTEHHBIX eranei [8 - 11].

Ha ¢ur.1 nsobpaxen obmuit By anmapata B paspese; na (Qur.2- KoIeKTop; Ha dur.3- nomnepeunsii paspe3
KOJIEKTOpa; Ha (Hr. 4- BCTaBKa, annapata, BUA criepeny; Ha our.5 —sua b na ¢ur.4; bur.6 — Bua oaHOM HoONOCHI,
3 KOTOPEIX H3TOTOB/ICHA BCTAaBKa C OCIA0/ICHHBIMU CEEHHs B IUIaHe; Ha (ur.7— paspe3 B-B na ¢ur.5; na ¢ur.8—
BHJ] IOJIOCHI TIOC/IE CKPYYHBAHHSA B BEPTHKAJILHON MIIOCKOCTH OTHOCHTENBLHO e NMPOAoIbHOl ocu 01-0;; Ha dur.9—
BUJL TIOJIOCHI 10C/IE M3rHba HA ONpPABKe, H30THYTOH N0 BUHTOBOH JMHHA B IIONEPEYHOM HANDABIEHHH W COTHYTOM
10 HaJIpe3aM, CO CKOLUEHHEIMH CTEHKaMu; Ha ¢ur. 10- ceuenune B-B na ¢ur.9.

Ycranoska ¢ BOMII (¢ur.1, ¢ur.2, ¢ur.3) comepkuT peakuMOHHyIO KaMepy B BHae TpyOsl | 3
HEMarHHTHOrO MaTepuana, B paboueif 30He KOTOpOH pacrmonokeHa CMEHHas BCTaBKa 2 C (beppOMAarHMTHBIMH
HactHilamy (uronkamu) 3. TpyGa 1 pasmeluena B oceBoM KaHane MHAYKTOpa 4 ¢ 3a30poM 5. UHaykTop 4 caapyxu
umeet obevaliky 6, a Tpy6a | dpuKcHpyeTCs B €10 0CEBOM KaHaule IPH OMOILM YCTAHOBOYHBIX BHHTOB 7. UHIyKTOp
4 ¢ Tpy6oii | 3aKTI04eH B KOXYX 8, COCIMHEHHBIN ¢ Kpbikamu 9, 10 yepe3 ymiothenus 11 u 12. Ha Kpbimke 10
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ecth marpy6ok 13 momsBoza cpeapl. Kpbimka 10 cHabkeHa naTpyGkoM 14 anas moaBoia OXNaxiarolled cpefsl,
Co0DLIEHHBIM C KOJUIEKTOpoM 15. Mexny oGevaiikoil 6 W KoXyXxoM 8 ofpasoBaH KojblieBoii 3a30p 16. Crenka
KkonnekTopa 15, obpamieHHast K HHAYKTOpPY 4, MMeeT KOJBLEBYIO NPOTOuUKY 17, B KOTOpOH MJIOTHO YCTaHOBIEH
Topew o6eyaiiku 6. Ilo 06e cropoHsl npoTouku 17 BeIMONHEHB! oTBepeTHs 18 1 19 11 mpoxona cpebl, B 3a30pbl 5
u 16. Iluranne upmykTopa 4 NpOM3BOAAT Yepe3s TokoBBoA 20, JHEPrHs K KOTOPOMY MNOCTyHaeT oT Gioxa
ynpasieHus (He nokasaH). PeryamMpoBaHHE MOIIHOCTH NPOM3BOAAT B GJIOKE YNpaBIECHHMs 1O NMPUHATOH CHCTEME.
TIpH MOHTaX€e yCTPOHACTBA LITAMITOBAHHBIE IACTHHBI YIEKTPOTEXHHYCCKOH CTAJIH 3aNPECCOBBIBAIOT B 0beyaiiky 13
HEMarHMTHOTO MaTEpPHANIa 10 THITy CTATOPOB ACHHXPOHHBIX JIBUraTeei, a KaTymkyu (0OMOTKH) pa3MeNIaloT B nasax
mnactuH. TIpumeHenue obeyaiiku U3 kene3a JONYCTHMO, HO MPU TOM HECKOJIBKO YXYJLIAIOTCS JJIEKTPHYECKHE
napaMeTphl YCTpoHcTBa. B 0CeBOl KaHal HHAYKTOpA BBOJST H LEHTPUPYIOT TpyOy (PEaKIMOHHYIO KaMepy), 3aTeM
MHAYKTOp ¢ TPyOOHl YCTaHaBIHBAIOT B TPYOYaTOM KOXyXe NpH MOMOIIM TOPHEBHIX KphilleK ((iaHLEeB) ¢
ymioTHeHusMA. TIpu 3ToM GOPMHPYIOTCSA 1Ba KOJNBUEBBIX LMUIMHAPHYECKHX KaHANa: MEXIy CTEHKOH KOXKyXxa
ofeyalikoii u Mex1y TpyOOH U CTEHKOI KaHala HHAYKTOPA. Y CTaHABIUBAIOT KOJUIEKTOP H KPBILIKH.
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Puc. 1 0611[14]7[ BHJl MHAYKTOpa YCTAHOBKH C BPalLAIOLIMMCH 3JI€KTPOMArHHTHBIM IT0JIEM;

Bcraska 2, Hampumep, (¢ur.4, ¢ur.5) HroToBICHa M3 HETHIPEX MIOJOC TOCTOSHHOW IIMPHMHEL
npaMoyrobHbIX gopmer 21, 22, 23, 24 ¢ 06pa3oBaHHEM IO NEPHMETPY MO HAPYXHOMY AMAMETPY BCTaBKH 2,
YeTHIpEX BHHTOBBIX JMHUH OCHOBHOTO HANpaBleHMs, Hampumep, 25-26-27-28-29-30 m ueTbipex JIOMaHHBIX
BHHTOBBIX JIMHHH NPOTHBOIIOIOKHOIO HANPABNIEHNUS, HanpuMep, 31-32-28-33-34-35.

Ha Bcex nonocax 21,22,23,24 (¢ur.5, ¢ur.6) noa yriaom 60° K npogoabHBIM KpoMKam 36 1 37 BEIIONHEHb!
NONEPEMEHHO C MPOTHBONONOKHEIX CTOPOH 30HBI OCIaGiIEHHOrO ceyeHusA- B BHae Hampe3oB 38 u 39 co
CKONIEHHbIMM CTeHKaMH ((ur.6), pacronoeHHBIMH MONApHO MON YIIOM OIHH K APYTOMY IOCPEACTBOM
dpe3sepoBanus, 06pabOTKOMN NaBIEHHEM H T.II. C 0OPa30BAHHEM DPABHOCTOPOHHHX TPEYTONBHHKOB 40.

TeOMETpUs U BEIUYHHBI YIJIOB @, B, @, ¥, 8, ® CKOCOB 30H OC/IaGNEHHOro CeyeHHs B BHAE Hanpe3os 38 u 39
(bur.6 u ¢ur.7) U UX B3aUMHOE PAaCIOIOKEHHE ONPEIENAOT YIiibl HAKIOHA PABHOCTOPOHHHX TPEYTOILHHKOB 40
IpYr K ApYTY no nepumerpy BTynku 2. Ilomochl 21,22,23,24 ckpydeHbl B BEPTHKANbHON MmiuockocTd (dur. 8) B
NPOAOJIBHOM HANpPaBICHHH OTHOCHTEILHO COOCTBEHHON OCH cMMMeTpuM monocsl 01-01, a 3aTeM H30THYTHI IO
BHHTOBBIM JMHHSIM Ha LMJIMH/IPUYECKOH onpaBke 41 B monepeusoM Hampabiesuu (¢ur.9, gur.10) u cornyTs no
Hazpesam 38 ® 39 cO CKOIIEHHBIMH CTEHKaMHM B IONEPEYHO-NPONOILHOM HANPABJIEHHH, PaClOIOKEHHBIMH
T0NApHO MOJ YTJIOM OJMH K APYroMy ¢ 06eHx CTOPOH I0JIOC, KaK Hampumep monoca 5 Ha ¢ur.5, ¢ur.6, dur.7,
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¢ur.8. Ha ¢ur.8 nokasana ogsa u3 nonoc, Hanpumep 24, CKpydYeHHast B BEPTHKAIbHOI IIOCKOCTH BAOb CBOEH
npoaonsHoi ocH 01-01 ¢ 6okoBbiME kpomkamu 36 1 37. TIpeBapUTENbHO CKPYUEHHYIO B BEPTHKANBHON MIOCKOCTH
OTHOCHTE/IbHO MPoA0bHOH ocn 0;-0; monocy, nanpumep 24, momewator Ha ompaeky 41 (¢pur. 9, ¢ur.10) u
H3rH0aloT TaK, 4T06b1 KpOMKH 36 1 37 PasMECTHIIMCH MO BUHTOBBIM THHHUAM M B MONEPEYHOM HanpasieHun. [Tocne
M3rHba B [10NIEPEUHOM HAIPABNEHHH KakJas u3 nonoc 21, 22, 23, 24 noBepHyTa OTHOCHTENBHO MPOIONBHON OCH
0;-0; BTynKM 2 TaK, 4TO MX KPOMKM OOpa3yloT H B TONEPEYHOM HAMpABJICHHH MONOC BHHTOBbIE IHHHH C
OJIMHAKOBBIM LIArOM /U1 BCeX nonoc. ITocne aT0ro nonocy cHUMAIOT ¢ onpaBky 41, 60 GUKCHPYIOT Ha onpaske
41. AnanornyusiM 0Gpa3oM 06pabaThiBalOT OCTaNbHBIE MOIOCHI, Hanpumep, 21,22,23. Ilocie cruba nomocsl,
Hanpumep nonocet 24 (¢ur.9, dur.10) Hanpesbl CBapHBAIOT, B pe3ynbTaTe obpasytorcs pebpa xectkocTd. Ilonocs
21, 22, 23, 24 nocne cruba COSAMHSIOT OHA C JAPYroi MO NMPOJOILHEIM KpOMKaM 36 u 37. Takoe coeaMHeHHe
nosioc, HanpuMep 4eTbipex nonoc 21,22,23,24 craHOBHTCA BO3MOXHBIM, TaK Kak nocne cruba nonoc 21, 22, 23, 24
10 NpsMbIM JHHKAM cruba 38 u 39 (pur.8 ¢ur.9) monepemeHHo Apyr K APYTY B IPOTHBOIONOXHbIE CTOPOHBI
(¢ur.6) na nonoce 06pasyioTCs EMEHTHI B BUIE PABHOCTOPOHHHX TPEYTOJILHHKOB 40, PaCIIONOKEeHHBIX Ha T10J10Ce
TIONIEPEMEHHO B NIPOTHBOMNOJIOXKHBIE CTOPOHBI C 00pa30BaHHEM IO NPOJOJbHBIM KpOMKaMm moinoc 21, 22, 23, 24,
TOYHEE IO NEPUMETPY HAPYKHOTO AMameTpa BTYIKH 2 JIOMAHHBIX BUHTOBBIX JIHHHH OCHOBHOTO HANpaBleHHUS,
HANpUMep Ha QUr 4 HeTHIPEX JIOMAHHBIX BUHTOBLIX JTHHMI OCHOBHOTO HANPAaBJCHHS, OJHA W3 KOTOPHIX Ha (ur.4
MOKa3aHbl  YTONILUCHHBIMH  JIMHUAMH 25-26-27-28-29-30 M uyeThIpex JIOMAHHBIX BMHTOBBIX JIHHHI
NPOTHBOIIOJIOKHOrO HampasieHus, Hanpumep, 31-32-28-33-34-35 ¢ waroM S,. TIpu 3TOM 1IAar BUHTOBBIX JMHHI
OCHOBHOTO HanpaBJICHUs Si M NPOTHBOTONOKHOTO S> pPaBHbL. B Takoil KOHCTPYKIHMH MO [UTMHE BTYIKH 2 KakKI0€
NIONEPeYHOe CCYEHHE - NMPOXOJHOE CCYCHHE OTIMYAETCA OT MNPEeABITYLIEro, MPU ITOM MEHAETCS M ILIOaib
MPOXOJHOrO  CEYEHHMA, HTO HApywlaeT CTAaUMOHAPHOCTb ABHKEHHA (EPPOMArHATHBIX YACTHI, YBENHUMBACT
MHTEHCHBHOCTb MX B3aHMOJCHCTBHS, PACIIMPAET TEXHONIOTHIECKHE BO3MOXKHOCTH. B TaKoil KOHCTPYKUMH BTYJIKH
2 o06pa3oBaHbl 1O BHYTPEHHEMY II€PUMETPY KPMBONMHEHHBIE JIOMAHHbIE BHHTOBBIC KAHABKH OCHOBHOTO
HANPABICHUA 1IAaroM S; M KPHUBOJMHENMHBIE JOMAHHBIE BUHTOBBIC KAHABKHM MPOTHBOMOJIOXHOTO HATIPABICHHS C
maroM S;. DTH KaHaBKH He TONBKO CHOCOGCTBYIOT INEpeMEILEHHI0 (eppOMArHUTHBIX, HO M 0GECHeYHBaIOT
HHTEHCHBHOE HX B3aUMOJIEHCTBHE, PaCIIUPAIOT TEXHOJIOTHYECKHE BO3MOMKHOCTH.
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$ix. 10
Puc. 2 CmeHHas BcTaBKa

VcTaHOoBKa C BPaIIAIONIMMCS 3JIeKTPOMArHUTHBIM oJieM paboTaeT ciepyonmm o6pasoM.

Brmouaror cucremy oxnaxuaenus. Ilpu sToM oxnaxpaoomas cpena yepes natpybok 14 moctymaer B
KomtekTop 15 u uepes orBepctust 18, 19 B HeM B 3a30pbl 6 M 16, paBHOMEpHO OMbIBaeT HHIYKTOp 4 U TpyOy 1,
BBIBOJMTCS M3 annapara yepe3 natpy6ok 13. 3aTeM noAaioT SHEPrHIo H YCTAHABIHBAIOT 3aJaHHYIO HArpy3Ky, noce
yero B TpyOy | ¢ BcTaBkoif 2 mopjaioT AeTanb. YOpouHsroas ob6paboTka NPOH3BOIMTCS 3a CYET yJapHO-
HMIIyJIbCHOTO B3aHMOJEHCTBHS (PEPPOMArHUTHBIX CBOGOXHOABHXKYIUMXCA YacTHLl 3 C TOBEPXHOCTHIO NETAlH,
noMelleHHoH B pabouyio KaMepy ycTpolcTaa.

Taxk kak BTyJka 2 cHabeHa BUHTOBBIMH JIMHHSIMH PABHOTO 111ara, HalpaBJIeHHBIMH OJIHA HAaBCTpedy Jpyroi,
TO B HEH CO3JAIOTCS NMOTOKH (PepPOMArHMTHBIX MIOJIOK W OOpaGaThIBaeMBIX MAaTepHajOB, HANPABJICHHBIE OJTHH
HAaBCTPEedy APYTOMY C MAKCHMAJBHO BO3MOKHOM YHEPrOEMKOCTHIO COYAaPEHHUIA.

TEeXHHKO-3KOHOMHYECKHE [IPEMMYIIECTBA BO3HUKAIOT 3a CYeT [OBBILEHHS MPOU3BOJUTENLHOCTH H
PaCIIMpeHHs TEXHOJIOTHYECKHX BO3MOXKHOCTEH, OOYCIOBICHHBIX YBEIMYEHHEM HHTEHCHBHOCTH CMELIMBAHHA H
SHEPTOEMKOCTH COYAapeHHi HEepPOMArHUTHBIX YacTHII APYT C APYTroM H ¢ 0O6pabaThiBacMbIM MaTEPHANIOB, & TAKXKe
TeM, YTO YacTOTa JBHKEHUA (ePPOMATHUTHBIX YaCTHII B MIPEUIaraéMOM YCTPOICBE YBETHYHBACTCA H OTPEAENIeTCs
HE TOJBKO YacTOTOH 3NEKTPOMArHMTHOTO BpAUIAIOLUIErOCS IOJS, HO M KOJHYECTBOM DJJIEMEHTOB, HX
KoH(Hrypanueii, pasMepamMi B K0 CEKIIMH BCTABKH, IPH ITOM, JBOSKAsk KPHBH3HA IOBEPXHOCTH 3JIEMEHTOB
BCTAaBKH 00eCreyHBaeT yCHIEHHE TEXHOJIOrHIeckoro addekra Gnaronaps HAIMYHIO Pa3HOHATIPABJIEHHBIX BEKTOPOB
HBIKEHHWA (EPPOMarHHTHBIX YacTHI Mexmy coboii u ¢ 00pabGaTbIBaeMBIM MAaTepHaiOM, MOBBIIIAET
MPOM3BONHTENBHOCTD, PACHIMPAET TEXHONOTHYECKHE BO3MOKHOCTH.

TeXHHIECKUM Pe3yNbTaTOM ABIAETCA MOBBILICHHE MPOH3BOAUTENBHOCTH H PAaCIIHPEHHE TEXHONOTHYECKHX
BO3MOKHOCTEH.

Texuuueckuii >pdeKT 1 HOBH3HA 3aKIIIOYAETCS B TOM, YTO:

- BCTaBKa BBINOJHEHAa W3 YETHOTO KOJIMYECTBA HE MEHee WYeTHIPeX I0J0C IIOCTOSHHOH IIMPHHBI
IPAMOYTOJbHOH (POPMBI, CKPYYEHHBIX B MPOJIONLHOM HaNpaBJeHUH OTHOCHUTENHbHO cobcTBeHHOH och 01-0p M
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M30THYTHIX [0 BUHTOBOH JIMHMK Ha UMIMHADPUYECKOH ONpaBKe B IONEPEYHOM HANDABIEHHH, IPH 3TOM TOJIOCH!
COTHYTBI IONCPEMEHHO B NPOTHBOMOJOXKHBIE CTOPOHBI 110 30HAM OCIAGIECHHOTO CedYeHHs B BH/E HAJPE30B,
BBITOJHEHHBIX € Pa3HbIX IPOTHBOTIONOXKHBIX CTOPOH MONOC 1104 yriioM 60° APYT K APYTy M K IPOOTBHBIM KPOMKaM
1I0JI0C C PasnUYHbIM COYETAHHEM YTJIOB HAKJIOHA CTEHOK B GOpPME CKOCOB HA/[PE30B 30H OC/IabIEHHOIO CEYCHHs B
BHAe Haapesos (a, B, @, v, 3, ®). 3aTeM Kpas Haape30B COSAMHAIOT APYT C APYroM, ¢ o6pa3oBaHHMeM MO INTHHE
T0/10ChI PaBHOCTOPOHHHX TPEYrOJbHHKOB PAcNONIOKEHHBIX NOTIEPEMEHHO B NPOTHBOIOJIOKHbIE CTOPOHBI, TpH
9TOM IOJIOChI COEJIMHEHBI O/1HA C APYTOif IO MPOAOJIBLHBIM KPOMKaM C 0GPa30BaHHEM N0 BHYTPEHHEMY NEPUMETPY
4eThIpEX M GoNee KPUBOMMHEHHBIX JIOMAHHBIX BUHTOBBIX IIOBEPXHOCTEH H KPHBONMHEMHBIX JIOMAHHBIX BHHTOBBIX
KaHABOK OCHOBHOI'O HAaNpaBJIEHUs,  TAKXKE YEThIPEX U 6OIee KPUBOIMHCHHBIX JIOMaHHBIX BHHTOBBIX IOBEPXHOCTEH
KPHBOJIMHEHHBIX JIOMaHHBIX BMHTOBBIX KAHABOK NPOTHBOINOJNOXHOIO HANDABIEHHsS, YTO DPACIUMpSET JMANa3soH
Pe3yNbTHPYIOIMX BEKTOPOB MNepeMemcHuH (eppOMAarHUTHBIX YaCTHU MeXHy CcoGod u ¢ o6pabaTbiBaeMbIM
marepranom. Taxum 06pa3soM, 1BOsiKas KPHBH3HA NMOBEPXHOCTH JJIEMCHTOB BCTABKH OOECTIEYMBAET YCHIEHHE
TEXHOJIOrHYECKoro 3¢dexra Gnaronaps HaNMYMIO PAa3HOHATPABIEHHBIX BEKTOPOB ABHKEHHS (DePPOMArHHTHBIX
yacTul, Mexay coboil M ¢ obpabaThiBaeMbIM MaTepHaNoM, MOBBIIACT MPOU3BOAUTENLHOCT, PACIIHPSET
TEXHONOrMYECKHE BO3MOKHOCTH.

- JIEMEHTHI JIOMaHO! KPHBOJMHEHHOH BHHTOBOH MOBEPXHOCTH BCTABKH PAa3HO HAKIOHEHDI HE TOJIBKO JPYT K
JpYTY, HO M K OCH CHMMETPHHM BCTaBKH, N03TOMY (epPPOMATHHTHBIC YACTHLE W 0OpaGaThiBAEMEIE MATEPHANBI
NOTY4alT NONOIHHTENBHOE ABHKEHHE OT HAKJIOHEHHBIX JADYT K JAPYTY 3J€MEHTOB JOMaHbIX KDHBOJMHEHHBIX
BHHTOBBIX [I0BEPXHOCTEH BCTaBKH, TAK KAK KOJIMYECTBO KPHBOIMHEHHBIX IOMAHHBIX BUHTOBBIX KAHABOK OCHOBHOTO
HANPABICHHS DaBHO KOJMYECTBY JIOMaHbIX BHHTOBBIX KAaHABOK MPOTHBONONOXHOIO HATIPABJIEHHSA, TO
YBC/IHIHBAETCS HHTEHCHBHOCTD B3aMMONCHCTBHSA (EPPOMArHUTHBIX YaCTHII MeXIy coGoll U ¢ 06pabaThiBaeMbiM
MaTepHaloM, MOBBIIIAETCS IPOU3BOAUTENLHOCTb H PACIIMPAIOTCS TEXHOIOTHYECKHE BO3SMOMKHOCTH;

- CKpyY4MBaHHE KaXIOH T[0JOCHI B MPONOIGHOM H B IIONEPEYHOM HAMPABIEHMAX OGecIeuHBaeT
JOTIONHHMTENBHOS MCKPHBIIEHHE [IOBEPXHOCTH BCTAaBKH, 61arofiaps 4eMy yBEIHYMBAETCA PAasHOCTh MEXIY YIIaMu
HaK/IOHA BEKTOPOB NepeMelleHi (PepPOMarHHTHEIE YaCTHLBI MEXly coGoli i ¢ 06pabaThiBaeMBIM MaTEPHAIIOM B
COCEIHMX Y4acTKax MOBEPXHOCTH BCTAaBKW, TPH 3TOM ()EPPOMArHUTHBIX YaCTHIl JBUMXKYTCA 1O CIIOXKHBIM
TPAeKTOPHSAM, YBEJIHYHBAA 9YacTOTY CTOJIKHOBEHWH MJIM MHBIM 06pasoM MHTeHCHOHLHMpPYs mnpouecc o6paboTkw,
YTO yBEJIMYMBACT NPOU3BOIMTEILHOCTD K PACIIMPSET TEXHOIOTHIECKHE BOIMOKHOCTH;

- BCTaBKa CHabXeHa 4eThIpbMs H 60Jiee BUHTOBLIMH JIOMAHBIMH JIHHHAMH PAaBHOTO 1UAra, HANPaBIEHHBIMH
HAaBCTpedy JAPYr K JPYTy [0 NEPHMETPY BCTABKM M COOTBETCTBEHHO 4YETHIPbMs, H GoJee KPHBOJIHHEHHBIMH
JIOMaHHHIMH BMHTOBBIMM KaHABKAMH BHYTPU BCTAaBKH, HANpaBICHHLIMH TOXe HABCTpedy APYr APYTY, YTO
obecriedHBaET CO3/aHNE HANPaBIEHHbIX HABCTPEYY APYT APYTY NOTOKOB (hepPPOMATHUTHBIX YACTHII MEXTy CoGOl 1
¢ 06pabaTbiBa€MBbIM MATEPHANOM C MaKCHMATBHOM SHEPIOEMKOCTHIO COYNAPEHHH YacTdl APYT K APYry H €O
CTGHKAaMHM BCTAaBKM T0A PasHBIMM YIJAMH, YBEJMUMBAET 4YacTOTy MX B3aHMOJCHCTBHS, YBEIHUMBAET
NPOH3BOAMTENLHOCTD H PACITHPAET TEXHOIOTHYCCKHE BO3MOXKHOCTH;

- 4aCTOTA IBHKEHHS YepPPOMArHUTHBIX JaCTHII B NPE/IaraeMOH KOHCTPYKLMH BCTABKM yCTpoiicTa ¢ BOMIT
OnpefeNnseTcs He TOJbKO YacTOTOH JNEKTPOMATHHTHOIO BPAINAIOWIErocs HOIsA, HO M (OPMOH, KOJMYECTBOM,
Pa3sMepOM 3JIEMEHTOB 110 [IEPUMETPY BCTABKH, IO3TOMY TaKO€ KOHCTPYKTHBHOE O(OPMIIEHHE TIOBEPXHOCTH BCTABKH
3a CYET yBEIMYECHHS HE TOJBKO KOJMYECTBA 3NEMEHTOB, HO H Pa3HOOOpasns (GOPM M Pa3MEpOB B KakIOH CEKIHH
BCTABKH 110 TEPHMETPY YBENUYMBAET HaCTOTY COYAAPEHHI (EPPOMArHHTHBIX HACTHL MeXAy COBOH, ¢
06pabaThiBaeMBIM MaTEPHAIOM M CO CTEHKAMH BCTAaBKM, [MOBBIWIAET MPOH3BOAMTENBLHOCTh, YBETHYHBAET
TEXHOJIOTHYECKHE BO3MOKHOCTH;

- TaKoe KOHCTPYKTHBHOE O(DOpPMIIEHHE BCTABKH M03BOJNSET O0OECHEYHTb HE TONBKO pacuIMpeHHe
TEXHOJIOTHYECKHX BO3MOXKHOCTEH, HO H CXaTHE TOTOKOB ()EPPOMATHHTHBIX HYacTHU M 06pabaThiBaeMbIX
MAaTepHaloB 110 Mepe NPOJBKKEHUS OT 3arPY3KH K BBITPY3Ke, 4TO MOBBILAET 3¢ deKTHBHOCTL 06paboTky;

- TaKoe KOHCTPYKTHBHOE O(OpMiIEHHE BCTABKH MO3BOJAET OGECTIEUHMTb MOCTIECNOBATENBHOE NOCTENCHHOE
YIUIOTHEHHE M Pa3psDKEHHE TOTOKOB (EPPOMATHUTHBIX YACTHII, YTO MHTCHCHQHUUMPYET mpouecc o6paboTKH M
PacCIIMpAET TEXHOJIOTHYECKHE BO3MOXKHOCTH aNnapara;

- 6narogaps HanpaBJIeHHBIM HaBCTPeuy APYT APYTY JIOMAHBIM BHHTOBBIM JIMHHAMM BCTABKM BEKTODHI
CKOPOCTH IBHXCHHA (PEPPOMArHHUTHBIX YACTHL H3MEHSIOTCH, HUTO CIIOCOOCTBYET MHTEHCH(HKAUMM Npouecca
06pabOoTKH H pacUIHpAET TEXHOIOTHYECKHE BO3BMOXKHOCTH;

- 10 BHYTPEHHEMY NEPUMETPY BCTAaBKH 0Opa3oBaHbl JOMAHHBIE BHHTOBbIE OBEPXHOCTH IO €e JUIMHE, YTO
obecrieunBaeT HapyUIEHHE CTALMOHAPHOCTH MOTOKOB (DEPPOMATHHTHBIX YAaCTHL BHYTPH (HIbTpa, MOBIICHHE
NPOM3BOUTE/BLHOCTH, PACIIMPEHHE TEXHOJOIHYECKHUX BO3BMOXKHOCTEH;

- IIOW@AAL MOMNEPEYHOro MPOXOJHOrO CEYEHHs BCTABKU MO JUIHHE MHOIOKpATHO MeEHsAeTcsi, obecredmBas
NEPUOAMYECKOE TOIKATHE MACC (PEPPOMArHMTHBIX YACTHIL], YTO YBEINYHBAET MHTEHCHBHOCTH CMEIUMBAHUA M
SHEPrOEMKOCTb COYIaPEHHH, PaCIIHPAET TEXHOJIOTHYECKHUE BO3MOXKHOCTH.
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YK 621.01

TEXHOJIOTMYECKHUIA Y®OEKT BUBPOOBPABOTKH IOTOKAMH
OPTAHUYECKHUX I'PAHYJIMPOBAHHBIX CPEJ

A. I1. IlInmxuna, E.}O. Kpynens, M. A. boiiko
TexHonornyecknuit HHCTUTYT (Gbunuan) JJOHCKOro rocyJapCTBEHHOTO TEXHHYECKOrO YHUBEPCHTETA B I'. A30Be,
PocroBckas o6nacTs, . A30B, Poccus

AnHotauns. IIpoBelieH aHanu3 [OAXOJ0B K MONENMPOBAHMIO MPOLECCOB BUOpalMOHHOH 06paboTkn
rpaHyJIHpPOBaHHBIMH cpeniaMu. PaspaGoTana Mozens npouecca BuGpoobpaboTky, obecneunsaromasn shpdexTusHyio
OTACIKY TOBEPXHOCTEH AeTaleil rpaHyJaMH KOCTOYKOBBIX OPraHHYECKHX Cpel, B OCHOBY KOTOPOH MOJIOXKEH
0JXO0Z, OCHOBAHHBIA Ha SHEPreTHUECKOM BO3NEHCTBHM MOTOKA rpaHys Ha oOpabaTbiBaeMylo MOBEpXHOCTh. Ha
OCHOBE aHAlIM3a pe3yNbTAaTOB OSKCHEPHMEHTANTBHBIX  HCCIeNOBAHMI  BIMAHHA  AMIUIUTYJHO-YACTOTHBIX
XapaKTePHUCTHK Ha CBEM MeTaula B npouecce BHOpooOpaGoTku abpasuBHBIMM IPaHyNaMH [PeJIOKeHa
3aBHCHMOCTH Y/IEJIBHOrO 06bEMHOr0 MeTa/LIoCheMa NpH 0GpaboTke OPraHHYeCKMMH CPENaMH C yY4ETOM MOPOrOBOH
AMIUTMTYBI M 9aCTOTHI KOJIe6auuii paGoyeil kaMepsl, PH KOTOPbIX HabmonaeTcs 3pdexT 06paboTKU NOBEPXHOCTH.

Karouessle caoBa: BuOpaunoHHas oOpaboTka, opraHdYeckas cpeia, MOTOK IPaHyHPOBaHHOH Cpebl,
METALIOCHEM.

Abstract The analysis of approaches to modeling of processes of vibrational processing by granular media
is carried out. The model of the process of vibroprocessing is developed, which provides effective finishing of the
surfaces of the parts with granules of stone stone organic media, which is based on the approach based on the energy
impact of the granule flow on the surface being treated. Based on the analysis of the results of experimental studies
of the influence of amplitude-frequency characteristics on the removal of metal in the process of vibroprocessing
with abrasive granules, the dependence of the specific volume metal scavenging is proposed for processing with
organic media, taking into account the threshold amplitude and frequency of oscillations of the working chamber, at
which the effect of surface treatment is observed.

Key words: vibration treatment, organic medium, granulated and medium flow, metal scrap.

OpraHuyeckue Cpeabl TNPEICTABISIOT CO0OM  CaMOCTOSTENbHYIO Tpynny 00pabaThiBalOIMX — Cpel,
HCNIONIb30BAHHE M NpPHMEHEHHEe KOTOPHIX B TEXHOJIOTHH M3TOTOBJEHMS JeTajlell MallMH pacluMpsieT CIEeKTp
TEXHOJIOTMYECKMX BO3MOXHOCTEH BHOpauMOHHOM 06paGoTku W nosbimaer & sddexruBHocTs. OmHaKO
HEIOCTATOYHAs. U3YYEHHOCTh 3THMX Cpell, OTCYTCTBHE METOAMK NPOEKTHPOBAHMA OTIAENOYHBIX ONEpaLMi C HX
HCIIONIb30BAHHEM OTPAHMYUBAET 001ACTh HX TEXHOJNOTHYESCKOrO NPHMEHEHHA.

TlosToMy wLENbI0 HACTOALIMX HCCNENOBAaHMH fBNACTCA OOOCHOBaHHE 3aKOHOMEPHOCTEH mpouecca
BHOP00GpaboTky, obecnednBaommx 3GGEKTHBHYIO OTHENKY MOBEPXHOCTEH AeTaseil rpaHylaMH KOCTOYKOBBIX
OPraHHYECKHX Cpell.

OcHosgHbie n00X00bl K MOOCTUPOBAHUIO NPOYECCO8 BUBPOOMOENKY ZPAHYIUPOBAHHBIMU CPedamu

TexHosnoruyeckuii 3¢ppexT OTAeN04HOMH 06paGOTKH B YCIOBHAX TEXHONOTHYECKMX BHOPAIIMOHHBIX CHCTEM
obycnoBieH pexywnM H edOPMHPYIOLIHM BO3IEHCTBHEM IIOTOKOB HacTHI pabouel cpeibl Ha MOBEPXHOCTH
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Puc. 4. O6pa3supl IIHHAPHYECKHX 3y0UaThIX KOJIEC C KPYrOBBIM 3y60M, H3roToBienHbie 10 FDM TexHomoruu

IlpiMeHeHHe MONMMEPHBIX MATEPHAIIOB IS H3rOTOBICHHS 3y0uaThiX KOJEC CHIKAET MACCY, YMEHbIIAeT
IIyM M BHOPaUMH, CHHXKAET PAcXOMIbl HA TPOM3BOACTBO M 0OCIyxMBaHMe 3yGuaThix mepemad. Bmecre c Tem
HCTIONb30BaHME KPYrOBOrO 3yb6a B LMIMHIPHYECKMX 3yGUYaThIX KOJECaX MOXKET 3HAYHTENLHO YBENHUHTH
JIONITOBEYHOCTb  3y6uaThiX Nepeiad, MO CPAaBHEHHIO C MpPAMO3YOBIMH M OGECTIeYHTb Mepenauy 3HAYHTCTBHO
Gonbuix MomenToB. HanGonee nepcneKTHBHLIM crocoGoM (GopmMooGpazoBaHHs MOTHMEPHEIX 3yGUaThIX KOJeC ¢
KPYrOBbIM 3y60M CJICyeT NPU3HATh aJUIMTHBHYIO TeXHouork FDM.

1. Yukisaburo Yamaguchi. Tribology of Plastic Materials: Their Characteristics and Applications to Sliding
Components. — Elsevier. 1990 — 362 p.

2. TeXHONIOTHA MPOM3BOACTBA H METOMNbI OGeCrieyeHHs KadecTBa 3yOuaThiX Konmec M mepemad / mod pen. BE.
Crapsuuckoro, M.M. Kasne. — CII6.: TIpogeccus, 2007. — 832 c.

3. Mypagbes A.A. OcoGeHHOCTH TBEPAOTENBHOTO MOIETHPOBAHHA LIMHIPHYECKOro 3y64aToro KoJeca ¢ KpyroBsM
3yGoMm s usrotosnenus no FDM Ttexnonoruu / Mypasbes A.A., Tapananos A.C. // Open, ®TBOY BO «OI'Y umern U.C.
Typrenesa», «PyRIaMcHTANbHBIE M IPHKIANHBIE IPOOIEMBI TEXHUKHA H TeXHOMOTHMY», 2018, Ne 4-2. C. 64-76.

4. Mypasbes A.A. OGocHoBaHHe NPHMEHCHHA H 3(Q(EKTHBHOCTh AIIUTHBHBIX TEXHONOTHH B MAaIMHOCTPOCHHH /
Mypasbes A.A., Tapanaros A.C. / Open, ®T'BOY BO «OI'Y umenn U.C. Typrenesa», «DyHIaMEHTATbHBIE 1 NPHUKIaTHBIE
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YBEJWYEHHUE TEXHOJIOTHYECKHX BO3MOXXHOCTEM Y TOBBIIIEHUE
3®PEKTUBHOCTH BUBPAIITMOHHON OBPABOTKH

Cepral. B.
KybGanckuit rocynapcTBeHHbii arpaphsiii yausepcutet umeru Y. T. Tpy6unnna,
r.Kpacuozap, Poccust

AnHoTauus. IIpeiCcTaBieHbl pe3ynbTaThl MHOTONETHHX MCCIEIOBaHMIi M pa3paboTka cnoco6oB
YBEJIMHEHHS TEXHONOrHYECKUX BOMOKHOCTEH W MOBbIIEHHS 3(PEKTHBHOCTH BHGPALMOHHON 06paboTKH MyTem
YIPOYHEHHS IIOBEPXHOCTHOTO CIIOA JeTael U yNy4YlmieHus HX KadecTBa MOBEPXHOCTH C MOMOIIBIO COBMEMEHHS
CIIOXKHOrO JBHXEHHA 0OpabaTeiBaeMbIX Jeranel ¢  KoneGaTeNbHBIM JBHXKEHHEM pabounx Ten ¢ Maioi
aMIIHTYROH KoneGanuii 0 8 MM M MyTeM CO3NaHKs TEXHONOTHH H KOMILIEKTa 060pYI0BAHHA 06eCedHBAIOLIUX
npHaHHe 00pabaTbiBaeMbIM NETANSM H PaGOUHM TeNaM ABIKEHHs ¢ 6ONBIION aMIMTY oM Kone6anuii ot 10 10
1000 MM u Bbiwe. TIpe/iCTaBleHE! HE TOJNBKO CXeMbI PAaGOTHI, HO M ONBITHBIN OGpa3el CTAHKA IS OTHEIOYHO-
3a4HMCTHOH 06pabOTKH IECTEPEH C  COBMELICHHEM HX CJO0XKHOTO ABIKEHHA C KOJNeGaTelbHbIM JABHKEHHEM
pabounx Tei.

KutoueBble ci10Ba: BuGpanuonHsas 06paGoTka, COBMELIEHHbIE POLECCH, YIIPOYHEHHE.
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Abstract The results of many years of research and development of ways to increase technological
capabilities and increase the efficiency of vibration treatment by strengthening the surface layer of parts and
improving their surface quality by combining the complex motion of machined parts with vibrational motion of
working bodies with a low amplitude of oscillations up to 8 mm are presented. a set of equipment to provide the
machined parts and working bodies with a large amp oscillation amplitude from 10 to 1000 mm and above.
Presented are not only work schemes, but also a prototype machine for finishing and cleaning gears with the
combination of their complex motion with the vibrational motion of working bodies.

Key words: vibration treatment, combined processes, hardening.

Bubpanvonnas 06paboTKa MOBEPXHOCTH JAeTanel, MOCPEJCTBOM KOTOPOH OCYIIECTBIETCS OTAEN04HO-
3a4MCTHAS W YNPOUHAIOMAs o6paGoTKa, OCYIECTBISETCS MO BO3AeHCTBHEM KonebaHui oaHooGpasHeIX (opm ¢
ammaTy0i He Gonee 4-8 M. T109TOMY MpHMeEHseMEIe B HACTOAEE BpeMs BUOpALMOHHbIE CTAHKH M0 CBOHM
SKCIUTYaTALIOHHBIM TIOKA3aTeISM He OTBEYAlOT BO3PACTAIONIMM  NOTPEGHOCTAM MPOM3BOLCTBA. YCTpaHEHHE
npo6ieMBl  CleflyeT MCKaTh B HECTAHJAPTHBIX PEUICHUSX, MOMCKE OPHTHHAIBHBIX KOHCTPYKUMH MallMH U
TeXHONOTHH, 06ECTIeYMBAOIINX CYIIECTBCHHYIO HHTEHCH(UKALIMIO IPOLECCOB KOHTAKTHPOBAHNKS 06pabaThIBaeMbIX
neTarieil ¥ paGodMX Te, YCIOKHEHHIO W TPUAAHHIO pasHoOOpasus GopM MX JBWKEHHIO B PpaGoduX opraHax
CTAaHKOB, 4 TAKKE YBETWUCHHE WX AMIUTUTY] MyTeM COBEPLICHCTBOBAHHS r€OMETPHH pabouuX OPraHOB CTAaHKOB
METONAMH HAYepTATEIbHON FCOMETPHH W MHKEHEPHOH rpaduKy, 4TO mo3BONseT 0pOpMIATh paGoune OpraHbl Mo
EPUMETPY KPHUBOIMHEHHBIMU HIH [IIOCKUMH 3JIEMEHTaMH, PACIIONOKEHHBIMHU TOJ{ YTIIOM HE TOILKO APYT K APYTY,
HO U K OCH BpalleHHA pabouHX OpTaHoB.

Veeauuenue mexnon0zuieckux 603MoHcnocmeni u nogvlucenue sG@exmusnocmu ubpayuonnoil obpabomxu
nymem nanoxcenus 0gyx u onee Osudicenuii o6paGamsieaemsix demaneit ¢ Konebamensusim osudcenuem
pabouux men u ux coemeujenue.

Taxkasi 3371a4a MOKET GBITh PEllEHa COBMEIIEHHEM KOJIeGATENBLHOTO JBMXEHHs PabOuHX Tex M CIOKHOro
nBwxenus obpabatbiBaeMbIX JeTaneil. Hanmpumep, CIOXHOTO JBHIKEHHS obpabaTsiBaeMbIX JAeTalei, myTem
CTIOEHHH X OTHOCHTENBHOTO H TICPEHOCHOTO ABIKEHHIT. Peansauus npeayaraeMoro crocoba ocymecTssiach
(puc.l) myTem  BHEApEHHS B TPOH3BOJCTBO MAIIWHOCTPOMTENHLHOrO NPEINPHATHS CTAaHKa A OTACNOHHO-
3aYMCTHO# M ympounsioweii 06paborku mectepen [1].

Puc. 1. Obpasen cTanKa /ISt OTAENOYHO-3aUHCTHOR M ynpouHsiomed 06paboTKH WECTEPEH ¢ NOMOUIBbIO
COBMELIEHAs UX CIIOKHOTO IBWXKEHHs C KonebarelbHBIM IBIKEHHEM pabodux Ten

Tocne MpoBEIeHUs NPe/IBAPUTENbHBIX HCCIICIOBAHHH ObUT CIPOEKTHPOBAH H H3TOTOBJIEH CTAHOK JUIS OTACTOIHO-
3aYHCTHOM M YIPOUHSIOWEH 06PaGOTKH IeCTepeH, KOTOPBIH MOKa3al BLICOKYIO 3G (EKTUBHOCTL 00paboTKH, B TOM
4HCIE KaueCTBO 06PabOTKM M BBICOKYIO TPOM3BOAMTENLHOCTb. Bpems 06paGoTKM HEMpEpHIBHBIM IOTOKOM ABYX
mecTepeH He mpesbluano 1,5 MunyTsl. Ha puc. 2 mpeacTaBneHa cxeMa CTaHKa s OTHEN0YHO-3a4HCTHOH U
ynpouHsiomei 00pabOTKU IIeCTEpeH, CMOHTUPOBAHHOTO B LEXe MeTaioo0paboTKH MaIMHOCTPOHTENEHOTO
MPEANPHUATHA.
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Puc. 2. CraHok mii  BHOpalMOHHOH 0OpaGOTKM  [IECTEPEH C  COBMENIEHHEM CIIOXKHOIO IBHXKEHHS
00pabaThiBaEMbIX IPEIMETOB ¢ KONEGATENLHBIM JBHXXCHHEM paGodmx Ten:

l-ocHoBauue, 2-npyxuHbl, 3 miomazka, 4 M 5- NPYKUHBL, 6 -TopooGpasHas paGouas Kamepa, 7- MEXaHH3M
110B0pOTa, 8- WapHup nosopota, 9 u 10 - rubkue Banpl, 11 u 12-3nexTpoasurateny, 13-nmoamunauKoBas onopa,
14- Ban cunosoro mpusoxa, 15- mycroTensiii porop, 16-mkuB TOpMO3a, 17-kymauok, 18 m 19-npuBomHbIe
3Be3104KH, 20- onexTpoaBHMraTenb, 21-mapHup, 22-pama, 23- anekTpojBHrarenb, 24- mecTepHs, 25-
Ppery1npoBOYHEIA BUHT, 26-BUHT, 27 npykuHa, 28-BeoMbIi Basl, 29-wectepns, 30-38e3104Ka, 31-mmuamens, 32-
3Be370uka, 33-06pabaTbiBaeMble MPEAMETHI, HAPUMEp LIeCTepHH, 34- oGTekatenn, 35- emkocTh,36- Hacoc, 37-
LINAHIH, 38-BBLABWKHOH HAKIOHHBIH JOTOK, 39-CTALHMOHADHBIM HAKIOHHBIA NOTOK, 40-3MeKTpoTopmo3, 41-
MHKPOBBIKJIHOYATE b, 42- KOMaHHBIH NPUGOP, 42-pyOHITbHIK, 44-KHONOYHAS CTAHUMS, 45-NpyKHHA

Yeenuuenue mexnonozuueckux 603moxcnocmei u nossiuienue I pexmusnocmu eubpayuonnoli obpabomiu
nymem co30aHUA MeXHON0ZUU U KoMniieKma 06opydosanus obecneuusalouwiux npudanue oGpabamoleaempim
Odemanam u pabouum menam OSUNCEHUA ¢ GONbULOT aMPAUMYOOTE

Ha Gase uneonorun axanemuxa Komxusa JI. H. [2] Hamu Takke npenjiaraerTcst TEXHONOTHS M KOMIUIEKT
000pya0BaHHs, MO3BOJISAIOUIME OCYLIECTBIATh KONeOaHHS Macc 3arpy3ku (06paGaThlBagMbiX j€Taneil M 4acTHIl
paboumx cpen) ¢ ammiutyaoi  or 10 1o 1000 MM u Bbiue [3]. Takas BO3MOXKHOCTH DEamH3yeTcsi 3a CueT
oopMIeHNA HAPYKHBIX MOBEPXHOCTEH PaGOuMX OPraHOB HA3BAHHBIX HaMH «BHHTOBEIE POTOPEI» AMCKPETHO
PACNOIOXKCHHBIMH 1[I0 NIEPHMETPY IUIOCKHMH WM KPHBONMHEHHBIMH OEMEHTAMH pPa3IMyHoOil Qopmbl K
THIIOPa3MEPOB, PA3HOHANPABIEHHBIMH [10 OTHOWICHHIO K BUHTOBBIM JIMHHAM TI0 HX HAapYKHOJ OBEPXHOCTH.

KomOHHHpOBaHME BENTHYMHBI M HaNpaBJCHHd BHHTOBLIX JIHHHH B COYETaHHM C TEOMETPHYECKHMH
XapaKkTePUCTHKAMH IUIOCKHX WM KPMBOJIMHEHHBIX JJEMEHTOB MO3BOMNSET HE TOJILKO CO3/1aBaTh HH3KOYACTOTHBIE
KoneGaHus Mace 3arpy3ky ¢ 60160 aMILTHTY0H, HO H COBMEILATh TPAHCIIOPTHBIE M TEXHONOTHYECKHE (DYHKIHH,
T. €. ocymecTsaiTs mpouecc O30 M ynpoyHEHMs MOBEPXHOCTHOTO CJIOS, Y/IyHLIEHHS KauecTBa NOBEPXHOCTH
HeTPEepPbIBHBIM NIOTOKOM, BO BPEMsI TPAHCTIOPTHPOBAHHKA AETaNeH OT 3arpy3KH K BHIFPY3KE.

B pesynbrate npoBefeHHbIX MHOTOJNETHHX HCCNENIOBaHHIA CO3aHEl 70 KOHCTPYKUMii BHHTOBEIX POTOPOB, B
TOM 4ucie 22 UMIMHAPHYECKUX, 15 KOHMYECKHX, 2 3Ur3aro06pasHbIX, 4 BBITYKIIBIX, 5 IPYTKOBBIX, 5 KOJBLEBHIX-
TOPOBBIX, 1 CHHPANbHLIA-TOPOBBIH, 4 CIHPANLHBIX-NIPAMOTOUHBIX, 4 KBAAPATHBIX, A TAKXKE & KOMOMHHPOBAHHBIX.
PaspaGoTana ki1accHuKalMs BHHTOBEIX POTOPOB, KOTOPAs IO3BOJSET LENEHANPABIEHHO BECTH MOMCK HOBBIX
KOHCTPYKLHMH BUHTOBBIX poTOpoB. ITo HaleMy MHEHHIO HX MOXET ObiTh 224.

Hccnenosanus >pYEKTHBHOCTH yYNPOYHEHHS NOBEPXHOCTHOLO CNOA AeTanell M yIydIIeHWs KauecTsa
TIOBEPXHOCTH, ~ NPOBEICHbl HA JBEHAAUATH KOHCTPYKIHMAX BHHTOBEHIX POTOPOB C YYETOM BIIMAHHA OTIENbHBIX
(aKTOpOB: YACTOT BpalleHHs BHHTOBBIX POTOPOB, T€OMETPHH BHHTOBEIX POTOPOB (3HAaueHHil OTAEIIOB, KIACCOB),
BECa JeTaieii, TBEPAOCTH MaTepuana JeTaiei NPOJOIKUTENBHOCTH 06paboTk, pasmepa rpaHyn pabounx cper,
3€PHUCTOCTH abpa3sHBHEIX MATEPHAIOB PabOYMX Cpel.

IIpoBeneHHbIE HCCNENOBAHNS IOKA3AMH:

-YBEJIMYCHHE TEXHOIOTHYECKHX BO3MOXHOCTEH M NOBbleHHe I dexTnBHOCTH BUGpaLHoHHOH 06paboTky,
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TOBBIIICHHE HAJAEXKHOCTH MAIUMH ~ MOXHO JIOCTHYb C TOMOIUBIO  COBMEIUEHHs CJIOKHOTO IBHIKEHHS
00pabaThiBaeMbIX IPEAMETOB C KOJIEOAaTeIbHBIM ABIKCHHEM DabOuMX Tel ¢ Masoi aMILTHTYA0M KoseGanuii 10 §
MM;

-YBEIIMYEHHE TEXHONOIHYECKUX BO3MOXHOCTEH M MOBBIIIEHHE YPHEKTHBHOCTH BUOPALIMOHHOH 00paboTku,
TIOBBIICHHE HANEXKHOCTH MALIHH MOXHO AOCTHYL IyTE€M CO3MAHHS TEXHONOIMH H KOMIUIEKTa 000pyA0BaHHS
obecneunBaloONUX NpuaaHue o6paGaTIBAEMBIM AETANAM M PalouuM TelaM JIBUXKEHHS C GONBINONH aMILTMTYI0M
Kxonebaunit He TONbKO pabounx Tel, HO K mpeamMeTos 06paboTki ot 10 10 1000 MM u Bbime. IToKa3aHbl: IPHALMI
paboTsl CTaHKa AJIs OT/AC]IOYHO-3a9HCTHON O6PAabGOTKM LIECTEPEH C MOMOLIBIO COBMELIEHHS MX CIOKHOTO
ABHXKEHHS C KoNeOGaTeNbHBIM IBIKCHHEM pabodux Tell, o0pasel CTaHKa, BHEAPEHHBIH Ha MAIIMHOCTPOUTENLHOM
3aBoje;

- ipouecc 06paboTKH B BUHTOBBIX POTOPAX CONPOBOKAETCS MIIACTHYECKUM
nedopMUpOBaHHEM TIOBEPXHOCTHBIX CIIOEB A€TAjlel, OIHAKO, YBEIMYEHHE BpeMeHu o6paboTKH CBEINE 25 MuH,
TNPAKTHYECKH HE IPUBOJIAT K Y/y4LlIEHHIO COCTOSHHUS MOBEPXHOCTHOTO CIOs ETanel;

- Ha Kax/oM 3Tane o6paboTku fneTaneif B BUHTOBBIX POTOPAaX MHTEHCHBHOCTh HAK/ENA PA3iHYHAs U MOXET
JIOCTHIaTh 3HAYMTEILHON BENTMYHHBI, OGecrieunBas NI0BbILIEHHE MHKPOTBEPAOCTH I0BEPXHOCTHOrO ciost B 1,1-1,5
pasa;

- YeM BBIIIE KJAcC BUHTOBOTO pPOTOpA, TEM BBILIE TPAHCHOPTHPYIOIAA CIOCOGHOCTh, OJHAKO, MEHbLUE
SHEPTOEMKOCTh B3aMMO/IEHCTBHA IpaHyJl paboumX Cpell Ha AeTalH, @ 3HAYHT MEHbILE CheM METAILIA;

- C yBEJIMYEHHEM TBEPJOCTH 00pabaThiBaeMOro MaTepHaia AETAIH, ChbeM METAILIA YMCHBLIAETCS;
-yBeNMYEHHE TPaHYIAUMH (Pa3MEpOB) YacTH PaGodMX CPel MOBBILIAET ChEM MeTajlla H CKOPOCTb MPOTEKAHHS
NPOLIECCOB;
-C yBEJIMIEHHEM BECa [eTaH YBEIMIHBACTCS CheM METAIIa;
-C YBEJIMYEHHEM MPOJIOJIKHTEIBLHOCTH 06pabOTKU ChEM METallia yBEIMIHBAETCS;
-IPOM3BOAUTENBHOCTL CHEMA METALNA PAcCTET C YBEIMYEHHEM 4YaCTOThl BPALUEHHS BHHTOBBIX DOTOPOB JI0
npenesnbHOH CKOPOCTH, CBBILIE KOTOPOH eTany 1 paboyas cpeja «IPWIHNAIOT, T. €. HAYHHAIOT BPALIATHCS BMECTE
€O CTEHKaMH BUHTOBBIX POTOPOB. .

B pesynbTaTe npoBeNleHHBIX MCCIEIOBAHMN NPENAraloTcsl KOHCTPYKLUMHA cTankoB 11 O30 M ynpouHeHus
NOBEPXHOCTH J€Taliel, 06eCneunBalONMX MOBEINICHHe HAAEKHOCTH IeTaledl MallMH, a TaKkKe TeXHHYecKas
JIOKyMEHTalusl.

1. A.C. CCCP 1283058 Poccuiickas ®enepauns, MIIK B24B 31/073. CraHOK J/1sl INNMAIENbHOH BHOPAIMOHHOIM 06paboTki
Jnetaneit B aGpasuHoii cpene / I'. B. Cepra; ApMaBupckuit rocy1apcTBeHHbII Nearornyeckuit MHCTHTYT. - No 3857326 ; 3ass.
20.02.1985 ; onmy6. 15.01.1987.

2. Kowrknn J1. H. PoTopHBIE i poTOpHO-KOHBeHepHbIe TMHUU. M. : MammHocTpoenue, 1986. 319 c.

3. Cepra I'B., WBano A.H. Texsonorus $pHHMIIHONA 0GpaGOTKM KPOMOK M yJaleHHs 3ayCEHLIEB B BHHTOBBIX poTopax //
TexHomnorus GpuAMIIHOH 06paGOTKH NPENCH3NOHHBIX IOBEPXHOCTE U yaJeHHe 3ayceHIeB: 6. Tp. 6-0i MeKIyHap. Hay4.-TeXH.
koH¢.~Cankr-Tletep6ypr, 2000. C. 249-256.
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ONTHYECKUM U3SMEPUTEJIBHBIA KOMILIEKC.
CTPYKTYPA 1 ONUCAHHUE

WL.II. MupomHHYeHKO
JIOHCKO# rocynapcTBEHHBI TEXHHYECKHIT YHHBEPCHTET,
Pocros-na-/lony, Poccust

Annorauus. Craths TOCBAIleHa pa3pabOTKE ONTHYECKOTO H3MEPHTENBHOTO KOMILIEKCAa Ui
GECKOHTAKTHOH PerHcTpalui 1 OGPaGOTKH De3y.bTaToB W3MEPEHHH MAbiX MPOCTPAHCTBEHHBIX MepeMelleHHit
TIOBEPXHOCTEH OOBEKTOB KOHTDONIA HA OCHOBE MPHUMEHCHHA JA3€PHBIX TEXHOJNOTHH M ONTHYECKHX
HHTEPHEPEHIIHORHBIX METOOB.

Kuaroyesbie cioBa. Jlazeprblii unTepdepomerp, HHTeppEpEeHUMOHHAS KAPTHHA, HM3MEPEHHE MAlbIX
nepeMenieHui, 06beKT KOHTPOJIA.

Abstract. The article is devoted to the development of an optical measuring complex for non-contact
recording and processing of the results of measurements of small spatial displacements of surfaces of control objects
based on the use of laser technologies and optical interference methods.

Keywords. The laser interferometer, the interference pattern, the measurement of small displacements, the
object of control.

B HACTOAIICE BpEMS TOABICHHE 3HAYUTEILHOTO KOJIMYECTBA HOBBIX MATEpPHAJIOB M MX UIHPOKOE
HCIONB30BaHHUE B Pa3IHYHBIX 0011aCTsX TEXHHKH NPUBOJUT K Heo0X0IUMOCTH pﬂBpaGOTKH M MCNOJIb30BaHUS HOBBIX
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1126 [lepcreKTHBHBIE HANpABIEHMs pPasBUTHA  OTICIOYHO-YNPOUHSIOUICH
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y— yron Mexay ockto OY u nuHKeH, npoxonsuiei yepes cepeauHy 3y6a HHCTpYMeHTa, 00pabaTbiBalouIero
JaHHYIO BNAJMHY KOJeca B TI0OOM €TI0 MOTOKEHHH;

@ — yroJ1 oBopoTa 3y6a pe3LoBoi roJIOBKH B INIOCKOCTH XZ;

A — napameTp pexylued KpOMKH (LIMPHHA);

b — mupuna 3y64aToro BeHIa Koeca;

b1 — PaMyC HavaIbHOH OKPYXKHOCTH;

r — pajuyc JCTHTENbHON OKPYKHOCTH;

Fa — PalHyC BEPILIHHBI 3y0a;

Fo — PaaNyc OKPYXKHOCTH hopmMooGpa3yrolen TOYKH.

Maremarnyeckoe oToOpaxkeHHe 00pabOTKM TO3BOJNACT YNPaBIATH IpoueccoM (HopmMoodpazoBaHHs:
H3MEHEH)E NapamMeTpa «y» COOTBETCTBYET M3MCHEHHIO MOAYH, NAPAMeTpa «@» — CKOPOCTH PE3aHHs, MapameTp
«A» npexnctaBnser pexymee Jie3ue. ONHOBpeMEHHO BhlpaxeHHe (1) — TeopeTHueCKOe MPENCTaBICHHE
HOMHHAJIbHO# OBEPXHOCTH KPYroOBOro 3y0a LHIHHAPHYECKOrO KoJleca.

TMocnenoBaTensHOe W3MEHEHHE BBILICYNIOMSIHYTHIX [apaMeTPOB B COYETAHHUH C  HCIIONBb30BAHMEM
IKCIEPHMEHTAbHBIX JAHHBIX 10 ONpPEJENeHHIO YIENbHbIX CHJI PE3aHHs M H3HOCA PEeXYIIHX JE3BHH MO3BOJAET
MOTY4HTh MaTEMaTHYECKYI0 MOJIENb IPOLECCA, MO3BONAIONLYIO ONpENENUTh CHIBl DPE3aHHA M CTOHKOCTH
HHCTPYMEHTa U, B KOHEYHOM UTOT€ — NPOrHO3MPOBATh TOYHOCTh 3y0uaThiX Koiec [4].

VipaBnenne HOMHHAIBHOM MOBEPXHOCTH MO3BONACT MONYYHTh BEIHYHHY OTKIOHEHHH HEPOBHOCTEH,
06yCIIOBICHHEIX OCOGEHHOCTBIO B3aHMHOTO TIEPEMELICHHS IeTaJIH ¥ HHCTpyMeHTa [5].
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NEPCIIEKTUBBI PA3ZBUTHA IIPOLECCOB OTAEJOYHO-YIIPOYHSIOUEN OBPABOTKHI
JAETAJIEX B BUHTOBBIX 1 KOMBUHHUPOBAHHBIX POTOPAX C BUHTOBBIMH IIPY)KWHAMH

Cepra I'.B., XBoctuk D.A.
Ky6aHckuii rocy1apcTBEHHBIH arpapHblii YHHBEPCUTET
umenn U. T. Tpy6ununa, r.Kpacnonap, Poccus

AnsoTanmus. PaccMaTpuBalOTCS BO3MOXHOCTH IOBBINICHHS TPOH3BOJAHTENBHOCTH M YMEHBILIEHHS
JHepro3aTpaT INyTeM CO3JaHWA W BHEIDCHMS CTAHKOB Ha 0a3e BHHTOBBIX H KOMOHMHHDOBAHHBIX POTOPOB C
BMHTOBBIMH NPY)XHHAMH, B KOTOPBIX COBEPIUAOT KOJEOAHHS JHIUb OXHH 0OpabaThiBaeMble JETATH H HacCTHIIbI
pabounx cpea (Maccel 3arpy3kd). OTH CTaHKH COCAMHSIOT 1BE, B OOmIEM HE3aBMCHMBIE, HO MO CyTH
B3aMMOCBSI3aHHbBIC TEXHOJIOTHYECKHE ONEPAIIMH ~— UCITOJIE30BaHHE BO3MOXKHOCTEH Buﬁpauummoro 110151 ¢ OOJIBILIOH
aMIuIMTyao# KoneGaHuii M MOTOYHOH (OPMOH OpraHu3auMM NPOM3BOACTBA. IIpencTaBneHbl KOHCTPYKTMBHbIE
CX€MBl BHHTOBBIX H KOMGHHHPOBBHHHX POTOPOB C pa3jiM4HBIMH KOHCTPYKTHBHBIMH OCOGCHHOCT)IMH, 4To
MO3BOJIAET NMPH CO3JAHHHM CTAHKOB HMCIIONB30BAaTh DA3/IMYHbIC THIBI POTOPOB UIA KOHKPETHBIX TEXHOJOTHH M
ocobeHHoCTEH MaIllHHOCTPOUTENbHBIX  mpeanpuatuit.  [loxasaHel  pe3ynbTaThl  aHAIMTHYECKHX  H
9KCTIEPHMEHTATIBHBIX HCCIIEA0BAHHIA.

KioueBble €J10Ba: OTIENOYHO-YNPOYHSIOmMAs 0OpaGoTKa, BHHTOBbIE POTOpHI, KOMOMHMPOBaHHBIE
POTOPBI, JeTalIN,4acTHIBI pabodeii cpesl

Annotation The article considers the possibilities of increasing the productivity and reducing energy costs
by creating and introducing machine tools on the basis of screw and combined rotors with helical springs, in which
only the parts to be processed and the particles of working media (load masses) vibrate. These machines combine
two, in general independent, but essentially interconnected technological operations — use of the possibilities of a
vibrating field with a large amplitude of oscillations and a streamlined form of production organization. The design
schemes of screw and combined rotors with various design features are presented, which allows using different
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types of rotors for specific technologies and features of machine-b
The results of analytical and experimental studies are shown.

Key words: finishing-strengthening processing,
working medium

uilding enterprises when creating machine tools.

screw rotors, combined rotors, parts, particles of the

Cosnanne GnarompuaTHHX ycnoBuii s HMHTEHCHQHKALMH mpolecca
NpOU3BOACTBA, MPUMCHEHHE 3PPEKTHBHBIX METONIOB BO3AEHCTBHS Ha npeaMeTsl 06paboTk!
BO3JCHCTBHA NpH BHINOIHEHHE OTHEIOYHO-3aYHCTHON K ynpoussitome#t  o6paboTku
TNOBBILIEHHE l'l])OHZtBO;]H’[‘eJ’leOCTPI, YJAYYIUCHHE Ka4yeCTBEHHBIX noxasa'reneﬁ,
BO3MOXHOCTH peaNi3aliH TEXHOJIOTHYECKHX MPOLEeCCoB B uenoM [1,2].

CPC,ZIH CTaHKOB, KOTOpEIE YZOBJIETBOPSAIOT 3THM CBOﬁCTBﬂM, MOXHO BBIACJIUTh CTAHKH Ha baze BHHTOBBIX
H KOM6HHHPDBHHHHX POTOPOB C BMHTOBBIMH NpyXWHaMH, B KOTOpPBIX COBEpLIAIOT KOHEGHHPUI JIMIIb OJHH
00pabaTbiBacMble NETANH M YaCTHLBL paboumx cpen (Macchl 3arpyski). ITH CTAHKH COCMHSIOT [BE, B 06LIEM
HE3aBUCHMBIE, HO u B33aMMOCBS3aHHbLIE TE€XHOJIOIHYECKHE onepauun —
BHOPaLMOHHOTO NOAs ¢ GOMbuUION amLIH
Onanm

MalHHOCTPOUTENLHOTO
H, Hanpumep oGbeMHOro
Aetaned, obycnaBnuBaer
a B HCKOTOPLIX Clly4asax ©

HCHOJIb30BAHHE BO3MOXHOCTEH
TYnoH KoneGaHuil M MOTOYHOMH dopmoit oprasuzamn NIPOU3BOACTBA.
u3 ny’reﬁ PpemeHHs TaKoM 3aa4d U SBIAETCS TNPHMECHEHHE B CTaHKax Al OT}ICHO‘{HO-prO'{HﬂIOHIEﬁ
06paboTkH paGounX OPraHoB, B BHAE BAHTOBHIX M KOMOGHHHMPOBAHHBIX POTOPOB C BUHTOBBIMH NpY)XMHAMH.

B BMHTOBLIX POTOPaX BOSMOXHOCTb CO3JAHMA HH3KOYACTOTHBIX Konebanui ¢ Gombwioit amminTyROl
MOMKCT peanu3oBaThCs 3a cuyeT opopmieHHs paGouHX OpraHOB 1o NEPUMCTPY NJOCKAMU HWJIM KPHBOJHHERHBIMHI
onemenTamy [3]. Hamu na ocrose pabor [4, 5, 6, 7, 8, 9] pa3paboTana THIIOBAs CXEMa CTAHKOB IS OTACNOYHO-
3aYMCTHOH H ynpouHstouleii 06paboTku Aeraneii Ha 6ase BUHTOBBIX POTOPOB  C HAaNpaBJeHHBLIMH HAaBCTPEYy APYT
JPYTY MO NEPHUMETPY JIOMAHHBIMH HJIH IUIABHBIMY BHHTOBBIMH JIMHHAMH H noBepxHOCTAMHU (pHC. 1).

8 6 4 A..{ 3 10
10 o' ~.|
y L 0
1. 3 ol
S0 TATTT

A
2 7 3 9

Puc.1. Cranok a1 0TaenouHo-3a4nCTHOR U ynpouHsiomei 06paboTku
Aetanel MawnH Ha 6ase BUHTOBOro poTopa:
1 —~ cranuna; 2 — npuBox; 3 — poNHKOBHIE Onopbl; 4-BHHTOBOM PoTOp; 5 1 6 — f1Ba o6ona; 7-npuBoaHO# Bar; 8—
CPEICTBO JUTA 3arpy3Ku; 9 — Gynkep Ans npuema o6paGOTaHHBIX JeTanei 1 4acTHL paboyHx cpex;
10 — oGpaGarbiBaeMble NETANH M HACTHIB PabOTHX cpen.

Tpeanaraemsiii CTaHOK [UIS OTAENOYHO-3a4HCTHOI H
crneayromumM obpasom.

Bo Bpamaromuiics BUHTOBOIM POTOP 4 Yepe3 CPeacTBo IS 3arpysku 8 6GecnpepsiBHO 3arpysxaercs pabouas
cpena n  nopnexanue obpaborku Aeranu 10. Ipu Bpamenun BHHTOBOrO potopa 4 wactumsl paGounx cpen u
oﬁpaéaTbmaeMue AeTanu COBEPIIAIOT ABHIKEHHUE N0 BHHTOBBIM KaHaBKaM " BEIIDYXaKOTCA B 6yHK€p A1 ipueMa
obpaboraHHbIX AeTaneit U yacTH pabouux cpen. Takum o6pasom, TpH BPAlIEHHH BUHTOBOTO POTOPA 4 YaCTHIIBI
pabounx  cpex u oGpabaThiBaeMbie AeTamM 3aXBaTHIBAIOTCH BHYTPCHHEH BMHTOBOH IOBEPXHOCTHIO, H B
HAlpab/ICHUH BPAIICHAS NOAHHMAIOTCA BBEpX. 104 AeHCTBMEM IpaBHTALMOHHBIX CHI YI7a €CTECTBEHHOro
OTKOCA, 4YacTHUbl paboynmx cpen u o6paGaThiBaeMble jeTat ABIKYTCA HAaBCTPedy JpYr K JApyry mon
ONpENCICHHEIMU YIJIAMH M K CTEHKAM BpalIAOUIErocs BHHTOBOTO POTOpa 4 M TNepeMemaloTcs B CTOPOHY
BBIFPY3KH. Tak Kak NOBEPXHOCTb BHHTOBOIO poTopa 4 HenpepelBHA, TO M HeNpephBeH TPOLECC JBMKEHUS
TOCNeNYIomUX nopuni obpabatbiBaeMbix neTanedt M wacTui pabouux cpen, KOTOphIE MONHMMAIOTCS BBEPX H
TaNalT BHW3, TPU ITOM  [BWKYTCA TNOJ DPA3HBIMA YINAMH, Tlockonbky mnockwe amemenTnt BHYTpeHHel
TIOBEPXHOCTH BUHTOBOTO POTOPA 4 PACTIONOKEHDBI TIOJL YITIOM APYT K JAPYTY, TO Kaknas TIOpLMs YacTHLL paboumx
cpen M o0pabaThiBacMBIX neTaNeil B3auMOAEHCTBYIOT ApYT C APYTOM M CO CTEHKaMH BHHTOBOTO poTopa 4, 4To
TIOBBILUIAET WHTEHCHUBHOCThL OGPHGOTKH ne‘ra.neﬁ H pacliupseT TEXHOJIOTHYECKHE BO3MOXKHOCTH. B pesyJsbTare, B
TAaKOH KOHCTPYKIMM paGodero oprana CTaHKa IS OTAENOYHO-3aYMCTHON M YOpouHsIomeH o6paboTku AeTaneit
MaLIHH 3HAYHTE/IbHO PACUIMPEH 1HaNla30H H3MEHCHUH PE3YIbTHPYIOUIMX BEKTOPOB nepeMeLIeHHH YacThL paGouux

ynpouRstomeii 06pabotku Aetaneil MamnH paGotaet
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cpen 1 0GpaGaThIBagMBIX JeTalleif, IOSTOMY Kaxaas paGoyas wactuua M obpabarbiBacmasn eTanb ABWKYTCA 110
DPa3HbIM BEKTOPAM HAMPABNEHHA, YTO OBECTIEYHBACT GONBUIYIO BEPOATHOCTH CTOJIKHOBEHMH B HAUAMLHBIH MOMEHT
OTPBIBA MX OT CTEHOK BHHTOBOTO POTOpa 4, IIe OHH 0G/Ia/aloT ONPE/IENIEHHBIM 3aIIaCOM KHHETHUECKOH JHEpriu
M IBWKYTCA ¢ GObIION KMHETHUECKOH SHEprHeli, ofecneunBas HHTCHCHPHKALHIO Nporecca 06paboTKy neranei.

AHanu3 HaKOWICHHBIX PE3YNBTATOB AHATHTHYECKHX M IKCICPUMEHTANIBHbIX MCCIENOBAHUH O3BOMIMI
PENNIOKHTL JJIS PAcyeroB NpH NPOEKTHPOBAHWM CTAHKOB Ha 0ase BHHTOBBIX POTOPOB 3aBHCHMOCTb JUIi
onpejieNeHHs NPOIOIBHON CKOPOCTH MNepeMelleHHs o6pabaTbiBacMeIX jieTaneli B pafodem Oprane cTamka Ans
OT/IENIOYHO-3aYMCTHOM H yIpoyHsiommel 06paboTku:

Vi= Ao (B1- o + B2r ©+Bj3), (€3]
riie: Ao— KO3(hOHLHMEHT, 3aBUCAILMH OT YCIOBHiT paboThl BUHTOBOTO POTOPa
(Ao=f (Ky. m;, my),

B1,B2 B3 — k03 (HLHEHTHI, XapaKTepH3YIOIHe KOHCTPYKTHBHbIE OCOGEHHOCTH BHHTOBBIX POTOPOB;

m; - Macca oGpabaTsIBacMbIX JeTaNeH;

m; - Macca paGoOYMX YaCTHIL;

Kv — k02 dHIHMEHT 3an0NHEHHs BHYTPEHHEH NONOCTH BHHTOBOTIO POTOpa

(Kv=Vu/ Vpe )i

Vm — 06beM Macc aetaneil M 9acTHL pabouux Cpejl 3arpyKEeHHBIX BO BHYTPEHHIOIO IOJIOCTh BUHTOBOTO
poTopa;

Vp.e.— 06bEM BHYTPEHHEH TI0JOCTH BUHTOBOIO POTOPA;

@® — YIJI0Basi CKOPOCTh BPAllEHUsI BAHTOBOTO POTOPA.

CTaHOK cHabeH CMEHHBIMH BHHTOBBIMH POTOPaMH C Pa3TM4HBIMH KOHCTPYKTHBHBIMH OCOOEHHOCTAMH,
T.e. Pa3IN4HOH HOPMBEL.

Tak Kak BpaiieHue BUHTOBOMY POTOPY 4 OT NpHBOAA 2 MEPENAETCs MOCPEACTBOM YETHIPEX POJIHKOBBIX
onop 3, TO CMeHa BHHTOBOTO POTOPa APYroif KOHCTPYKIHMH U GOPMbl IPON3BOAMTCA MyTEM CHATHA C POJIMKOBBIX
ornop 3 BUHTOBOTO poTopa 4 ¢ AByMs 06o1amu 5 M 6 M MOHTaxka Ha €r0 MeCTO JPYroro THNa BHHTOBOTO poTOpa ¢
TAKHMH K€ pa3MEpaMU ¥ B3aHMHOMY PacriONoXeHHI0 060/108. .

B mpolecce COBEPIIEHCTBOBAHHMS CTAHKOB Ha Gase BUHTOBBIX POTOPOB  NPEIOXKEHA THIOBax CxeMma
CTAaHKa JUIfl HENPEPbIBHOH 06pabOTKM C MeXaHH3alMeH OTJeNeHHs 4acTHL paGounx Cped H OTXONOB 06paboTkn
or 06paGoTauHbix fetaneit [4]. Ha puc. 2 npencrasiena cxema JBwkeHns pabouci cpesibl 0 JleTaneii B mpeyiaraeMoi
KOHCTPYKIMHU CTAHK JUIAl OTAEO4HO-3a4MCTHOM H ypouHsmiomiel o6paboTku neTanei.

(o]
o copcogo0eoceocae®

O - wacTHubI pabodeli cpeast

Il - o6pabatriBacmble neTanu

Puc. 2. Cxema JBIKEHHs JeTajeil ¥ yacTHl pabounX Cpel B CTaHKe
IS OTAEIOYHO-3a4HCTHOH M ynpouHsiomteii o6paGoTku neTaneH

B COOTBETCTBMM C 3TOH MIeeil CIPOEKTHPOBAH M HM3TOTOBNEH CTAaHOK JUIA OTENOYHO-32YHCTHOH H
ynpounsiomel  06paboTkn netanedl MauwmH, obecrneYMBAOUIMI He TONBKO BBIMIOJHEHHE OCHOBHOH
TEXHONOTHYECKOH Onepaluu- oGpaGoTKy AeTaneil, HO M BHIIOIHEHHE TIPH 3TOM BCMOMOTaTENLHOM omepalmu —
OT/lenieHHH OT 06PaGOTAHHEIX ieTanel 4acTH PaGOuHX Cpejl H OTXONOB 0GpabOTKH, a TAKKE MOHKY 06paboTaHHBIX
netanei. Bpems 06pabOTKH INTAMIIOBAaHHBIX jeTanef MaWMH B TAKAX CTAHKAaX HE NPEBBILACT TPEX MHHYT.

AHamu3 pe3yBTATOB HMCCHIENOBAHMA M NPAKTHUeCKod paGoTEl CTaHKOB Ha Gase BHHTOBBIX DOTOPOB
OKasan, 9YTO HAPANY C BHICOKOH NPOM3BOAMTENBHOCTBIO H HENPEPHIBHOCTBIO Mpoliecca 00paGOTKH OXHHM H3
HEJIOCTATKOB TAaKMX CTAHKOB SBIAETCA HEKOTOpas CI0KHOCTh H3TOTOBJICHHS BUHTOBBIX poTopoB. [losToMy, Hamu
paspaGotansl  3(beKTHBHbE POLECCHl OTACNOUHO-3AUHCTHOH M yNpouHsomei 00paboTKH, KOTOpbIe
XapaKTepU3YIOTCS TeM, YTO CIOXKHO-BHHTOBOE JBHXKEHHE, HMEIOLICe MECTO B BHHTOBBIX POTOPAX, PaCH/ICHEHO Ha
OTHOCHTENBHO TIPOCThIE B KHHCMATHYECKOM OTHOLICHHH JBMKEHHSA, 06ECNICUNBAIOIINE SHAUUTENLHOE NOBBILICHHE
MPOH3BOIUTENBHOCTH, @ TAKXKE KOHCTPYKLIHH CTAHKOB JUIsl MX peann3auuH. TIpe/UIoKeHbl CTAHKH VIS OTACNOUHO-
3a4MCTHOM ¥ ynpouHsiowmei 06paboTky Aetaneii, CHaGKeHHbIE pabOYMMU OpPraHaMu B BHIE KOMOMHMPOBAHHBIX
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