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OBPOBKA PI3AJILHUX IIJIACTHH RNGN 09T300F 3 HAJITBEPJIO1
KEPAMIKMU 3A JOIIOMOI'OIO BIBPOABPA3ZUBHOI'O CIIOCOBY

Y ecmammi noxaszamno, wo npodemy 3 00podIeHHAM PI3ANLHUX NAACTUK 3 HAOMEEPOOT Ke-
PAMIKU MONCIUBO SUPTUUMU 3a OONOMO2010 GLOpayiiino2o 0bpobaenns. Y cmammi pose-
JSIHYmMutl abpasueruti Mikc, Wo NpuiiMae yuacmo 6 0OpoOieHHI Ha0meepool KepamiKu.
Oxapaxkmepuzo8ano 6niug 00ca2y 3a6aHMANCeHHs HA 3HIManHA mamepiany. [Ipodemon-
CMPOBAHO HAUKPAWUL NOKAZHUK NPpU 00pobaenni napmii naacmun. Ipu ywinonenni abpa-
3UBY 30IN6UYEMBCA 2TUOUHA BNPOBAOICEHHSL BEPULUHU AOPAZUBHOT YACTMUHKY 8 NOBEPXHIO
Memainy i 8i006y8acmvcs nepexio 00 MIKpOPI3aHHs, NOYAMOK AKO20 MONCHA GUSHAYUMU 34
NeBHUM CNIBBIOHOUIEHHAM, W0 € no3umusHum axmopom. Iloxazanuii we ooun gpaxmop,
AKUU GUKAUKAE NIOsUWerHst 0bpodosanocmi mamepiany. e cniggionoulenns Kitbkocmi
Odemaneil i abpaszusy. 3podaeHo 8UCHOBOK NPO me, WO HAUOLIbUW THMEHCUBHO 0OPOOKA Ge-
Odembcsl npu CnigiOHOWEeHHI Kitbkocmi poboyux min i niacmu 6id 40 0o 60%. Ilokasano,
wWo 3i 30i1bUeHHAM 3ePHUCIMOCTMI 3pOCMAE 3HIMAHH Mamepiany i opmMyemovcs mMeHua
wopcmkicmos nosepxui. Lle ceiouums npo npesantoowull 6niue Ha 3HIMAHHS MAmMepiaty
MIKpO- i cyOMIKposucmynie abpasusHux sepen. ¥ npoyeci 0ocaiodicensv sibpayitinoi 0opo-
OKU HAOMBepOoi Kepamixu 6y10 3'9C08AHO AK GNIUBAE 3MOUYBAHHS 30HU DI3AHHA HA NPO-
OYKMUBHICb. 3MOUYBAHHA BNIUBAE HA 30INbUIEHHS KITbKOCMI GUIYUeH020 Mamepiany 3
NOBePXHI NAACMUHU OYJice NOBLIbHO, MoOmMo npodykmuenicms BiO noginbno 3pocmac. Ilo-
KA3aHO, W0 8 3AJ1edCHOCHI 810 00POOII08AHO20 MaAmMePIaLy ma pelcumis 0opoobKu, Xapax-
mepHuUMU Mexanizmamu 3nocy incmpymenmie i3 IIKHM. /lana xapakmepucmuxa 3Hocam.
Ipu 06pobyi pizanvrux naacmMuH 3a Q0ROMO2010 GIOPAYIUHOT 0OPOOKU BIILHUM AIMAZHUM

* kano. mexn. nayx, doyenm, JJBH3 «Ilpuazoecekuti Oepacasnuti mexuiunuil ynisepcumemy, m. Mapiynono
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abpasugom. cepeos CmilKicmob 8UPOCIA 8 KLIbKA pa3ie y NOPIGHAHHI 3 NIACMUHAMU 3 TNEe-
pooeo cnnagy (muny BK, TK) i weuokopizanvrnoro cmanno. [lpoananizosano Haseoewi
suwe mamepianu i 3po0enuti UCHOBOK, Wo 0nst iHcmpymenmie i3 [IKHM, nezanedcro 0o
AKOI 6OHU 2PYNU HANEHCAMD, HA BUCOKUX WUBUOKOCAX DI3AHHA HAUDLIbW Yacmo Xapakme-
PHA XIMIUHA 83AEMO0IS i3 0OPOOIIOBAHUM MamMePiaioM ma OUQy3ilini npoyecu iHmeHCcus-
HICMb AKUX BUSHAYAE MEMNEPamypor PI3aHHA.

Kniouosi cnosa: pizanvui niacmunu, Haomeepoa Kepamixa, gibpayitine oopobaenus, ao-
DPa3uBHULL MiKC, 3MOYYBAHHS, GLILHUL AOPA3UE, CIILIKICb, KITbKICMb POOOYUX M.

V.I. Burlakov. Processing RNGN 09T300F cutting plates from superhard ceramics by
vibroabrasive method. The article shows that the problem with the finishing of cutting
plates made of superhard ceramics can be solved by vibration processing. An abrasive mix
involved in the processing of superhard ceramics has been considered. The influence of the
loading on the material removal has been characterized. The best performance is displayed
when processing a batch of plates. When the abrasive is compacted, the penetration depth
of the tip of the abrasive particle into the metal surface increases and microcutting occurs,
the beginning of which can be determined by a certain ratio; it being a positive factor.
Another factor has been found out that increases the machinability of the material. This is
the ratio of the number of plates and the abrasive. It has been concluded that processing is
the most intensive with the ratio of the number of working bodies and plates being 40 to
60%. It has been shown that grain size results in material removal increase and a lower
surface roughness. This is convincing evidence of the prevailing influence of micro- and
submicro-protrusions of abrasive grains on material removal. In the studies of superhard
ceramics vibration processing, the influence of the wetting of the cutting zone on produc-
tivity has been found out. Wetting affects the increase in the amount of material removed
from the surface of the plate very slowly, i.e., vibration processing productivity is growing
slowly. It has been shown that the characteristic mechanisms of wear of tools made of
PSHM depend on the material being processed and the processing modes. The kinds of
wear have been described. When machining cutting plates using vibration machining with
free abrasive with the addition of artificial diamonds, the average tool life has increased
several times in comparison with the plates made of hard alloys (such as titanium-cobalt
alloy,tungsten-cobalt alloy) and of high-speed steel. The above-mentioned materials have
been analyzed and it has been concluded that for the tools made of PSHM at high cutting
speeds, chemical interaction with the workpiece material and diffusion processes are often
inherent, the intensity of them being determined by the cutting temperature.

Key words: cutting plate, superhard ceramics, vibration processing, abrasive mix, wetting,
free abrasive, stability, number of working bodies.

IMocTranoBka npo6/emMu. Y cy4acHOMY MallMHOOYAIBHOMY BUPOOHUITBI, A€ IUPOKO BUKOPHC-
TOBYIOTBCS BXXKKOOOPOOITIOBaHI MaTepialiv, 3aCTOCYBaHHS iIHCTPYMEHTIB 13 IMONIKPUCTAIYHUX HaITBE-
paMX MaTepiaiiB Ha OCHOBI KyOiuHOTO HiTpHay 6opy (ITHTM) citinx po3riasaaTu K HOJaNbIIANA PO3BU-
TOK TIporieciB MexaHiqHoi 00poOku. [HcTpymenTty i3 [IHTM sBISIFOTBCS OMHUMH 13 HAWTBEPAIIINX Ta
XIMIYHO 1HEpTHHX 10 3ajli3a IHCTpyMEHTAJILHIX MaTepiajiiB Ta MIMPOKO BUKOPHUCTOBYIOTHCS ATl 00po-
OKM JIETOBaHMX CTajicH, YaBYHIB Ta TBEPIUX CIUIABiB. 3aBISKH CBOIM (Di3MKO-MEXaHIYHUM BJIACTHBOC-
TSM Mae 0arato TepeBar, sIBISIOYHCH AILTEPHATHBOIO TBEPIIOMY CILIABY, pi3albHil KepaMilli, Ta B Je-
SIKMX BHUIAAKaX BUKOPHCTaHHS iHCTpyMeHTIB i3 [IHTM moxe 3aminuTu onepanii nutidgyBaHHs.

BuxopucroByroun inctpymenty i3 [IHTM, MokHa TOCSTTH CYTTEBOTO i ABUINEHHS POy KTHB-
HOCTI 00pOOKH, B MOPIBHSAHHI 3 TPAJAHUIIIHHIM TBEPAOCIIABHAM Ta KEPAMIYHHM iHCTPYMEHTOM, 3a pa-
XYHOK 301JIbIIIEHHS IIBUIKOCTI pi3aHHs. TakuMm 4MHOM Mpo0sIeMa, 0 PO3IIISIHYyTa Y CTATTi € aKTyallb-
HOIO.

AHaJIi3 oCTaHHIX JOCHiTKeHb i myOJikaniii. PO3BUTOK TEXHOJIOTiH MeXaHIIHOT 0OPOOKH Bak-
KOOOpOOIIIOBaHUX KOHCTPYKIITHAX MaTepiaiB MOB'I3aHUH 3 IMiJBUILICHHSM IIBHIKOCTI Ta TOYHOCTI 00-
poOKH, 10 Besie 10 CTBOPEHHSI HOBUX Pi3aJIbHUX 1HCTPYMEHTIB 13 BUKOPUCTAHHSIM BUCOKOE(QEKTUBHUX
IHCTpyMEHTaJIbHUX KOMIIO3HTIB i3 TMoOJikpucTaidiuHnux HaarBepaux matepiamiBe (IIHTM) Ha ocHOBi
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kybiunoro Hitpuay 6opy (KHB). bararo 3axopnoHHUX Ta BITYM3HSIHUX BUEHHUX 3aiiMaiacs TaKokO Ipo-
onemoro. Hampuxan, B pooorax De Godoy V.A.A. [1], Chou Y. K., Evans C. J. [2, 3] moka3aHuii BIUIHB
BMiCTy KyOIi4HOTO HITpHTy O0pY Ha HAHOUTBIIY CTIHKICTh IHCTPYMEHTY i 4ac Oe3MepepBHOTO TOYIHHS
3araproBaHux craieil. B po6orax Slipchenko K. [4] mocmimkyBanrcs XapaKTepUCTHKU pi3aHHS pi3a-
npHUX iHCTpYMeHTiB Ha ocHOBI KHB i3 3B's13k010 Cr3C, ipu 06po0iti Hepskasitowoi cram AISI 316L ta
BHICOKO JIETOBAHOI iIHCTpyMeHTaNbHOI cTtaii Vanadis 4E.

MeTa cTaTTi — PO3TIIIHYTH POJIb BiOp0aOpa3suBHOTO 0OPOOJICHHS Pi3abHUX TUIACTHH IS TTOK-
pAIIEeHHS SKOCTI MMOBEPXHi, 110 00POOIIIETHCS.

Buxkian ocHoBHOro Martepiaiay. OCHOBHHI BIUIMB Ha SKICHI Ta €KCIUTyaTalliiiHi MOKa3HUKU Je-
Tanel HamaoTh (QiHINHI oreparlii. 3aBIaHHS MiIBUIICHHAS SKOCTI MPOIYKIIii MOB'13aHe 3 YJOCKOHAJICH-
HSM B)K€ BIIOMHX 1 po3p0OKOI0 HOBUX €(DEKTUBHUX METOIB (PiHIMIHOT 00pOOKH, cepel SIKUX TPOBiTHE
MicIle 3aiiMaloTh MeToIu BiOpoadpazuBHOTro 00pobieHHs (BiO). 3Haunwmii iHTepec (axiBIiB A0 EOTO
NPOIIECY MOSICHIOETHCS HOTO IIUPOKUMH TEXHOJIOTIYHUMH MOXKITUBOCTSIMH i CYTTEBUMH TEXHIKO-EKOHO-
migHMH TiepeBaramMu. Cdepa BUKOPHUCTAHHS BiOpaIiitHOI TEXHOIOTIT B PI3HUX TaIy3sX BUPOOHHUIITBA
JIOCUTH OaraTorpaHHa i Ma€e TEHACHIIIIO JIO MOJANBIIOTO PO3IIUPEHHS.

BinnosigHo no Bumor ISO y BigHomeHHI GOpM i po3MipiB pi3adbHUX 3MIHHHUX IJIACTHH, 3 BUKO-
pUCTaHHAM TeXHOJIOTil MexaHiuHoi 00poOkn IHM HAHY i3 credeHnX 3aroToBOK BUTOTOBJICHI ILIac-
truar RNGN 09T300F (puc. 1)

AHanizyrouu nonepeaHi AoCIiKeHHs, poOMMO BUCHOBOK MO Te, 10 HalKpairy oOpoOHy 31aT-
HICTh IUIACTHMH MOKa3aB MOHOKOPYH/. 3aCTOCYBAaHHS aIMa3HOTO IHCTPYMEHTY CIpHUSE MPUCKOPESHHIO
TEMITiB TEXHITYHOT'O TIPOTPECY, MO3BOJISIE BIPOBAIKYBATH HOBI MMPOTPECUBHI TEXHOJIOTIYHI MTPOIIECH, 1110
3a0e3Meuy0Th OUIbII BUCOKY TOUHICTB 1 SIKiCTh 0OpOOKH, 301IBIICHHS TEPMIHY CITY>KOU 1 TiABUIICHHS
HAIIHHOCTI poOOTH MauH i mpuiafis [1].

[Tim miero 6araTopa3oBO MOBTOPIOBAHMX MIKPOBILIUBIB rpaHysl IUIi(pyBaIbsHOTO MaTepialy, sKi
BUKJIMKAIOTh 3MiHYy TE@OMETPUYHUX 1 (i3MKO-MEXaHIYHUX MapaMeTpiB MOBEPXHEBOTO mIapy (IIOPCTKO-
CTi, MIKpOTBEPAOCTI, 3aJUIIKOBUX HAIPY>KEHb, CTPYKTYPH) HE TiINbKH 00pOoOIIOBaHOTO MaTepiaiy, a i
a0pa3WBHOTO IHCTPYMEHTY, a0pa3uBHUN iHCTPYMEHT TEX 3a3HA€E 3MiH, TaK K HOTO TBEPICTh IMOCTYyTIa-
€TBCSI TBEPAOCTI 00pOOIIIOBaHOTO MaTepiay. BHacizok 1iporo nmpu 00po0Oili BChOTO JIKIIIE OAHIET neTai
3HIMaHHS MaTepiany BCe-TaKH BiIOYBAEThCS, aJie CTIHKICTh IHCTPYMEHTY OyJie HEBHUCOKA.

Puc. 1 — Kpyruni pizansai mactuan RNGN 090300T, surotosieni 3 KMK cuctemu cBN-
TiC (¢cBN(KM 3/2) + TiC (£ 4,5-7 Mkm), 45 00.% micns MexaHiqHOT 0OpoOKH

Jng migBUIEHHS MPOIYKTHBHOCTI 0OpoOKH 3pa3KiB, BUKOHAHKX 3 HAJITBEPIUX MaTepiaiiB, 10
00po06HOI Maci ¢ AoaTH MTY4HI alMasd B KiTbKocTi 15% BifCOTKIB Bif 3arainpHOi Macu. HasBHICT
ix B abpa3sMBHOMY MiKCi 301IBIINTH IPOYKTUBHICTE 00pOOKH IPUOIH3HO B 2-2,5 pasu.

Haii6inpm npoaykTHBHOIO € BiOpoabpa3zuBHe 00pOOICHHS 3 BAKOPUCTAHHAM CyCIIEH3il, 0 Mic-
THTH mopomok anmazy ACM 20/14. Lle mosICHIOETCS 3MaTHICTIO YaCTHHOK aiMa3a ACM miaTpuMyBaTu
CBOIO PIXKYYY 3/IaTHICTh 3@ PaXyHOK HMOCTIHHOTO MIKPOCKOJIFOBAaHHS KOHTAKTHUX JIJISTHOK B Pe3yJIbTaTi
BiOpaMiifHOTO i yJapHOTO HaBaHTa)XEHHS B 30Hi 0OPOOKH.
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BukopucranHs npu BiOpoadpa3suBHOMY OOpOOJIEHHI CYCIIeH31H 3 MOHOKOPYH/IOM 1 IOPOIIKaMHU
anMa3sy B Pi3HiM KOHLEHTpalii iICTOTHO BIUIMBA€E HA BEJIMYMHY 3HIMaHHA Matepiany 3i 3paskis [IHTM

[2].

Sx BumHO 3 Tpadika Ha puc. 2, IEMIO IHITa KapTHHA MOYKE PO3TOPTATHCS ITPH 0OPOOIICHHI MapTii
IacTvH. BrumiB 06csry 3aBaHTa)KeHHS Ha 3HIMAaHHSI MaTepiaty HOCUTh eKCTpeMabHUI XapaKkTep 3 Ma-
KCHMYMOM IIpH 3aBaHTaXeHH1 y podouy kamepy 3-4 miactunu (40% Bix ii oOcsry). [Ipu 3aBanTa)xkeHH1
oinpimoi maprii getaneit (70% miuacTuH) iHTEHCHBHICTE 0OPOOIIEHHS Pi3KO 3HIKYETHCS, TaK K 00po0-
JIFOBaHI IJIACTUHH HE MOXYTh 3JIIICHIOBATH PyX MO BCbOMY 00'eMy poOouoi kamepu. B pa3i 06pobieHHs
nuine oaHiei abo aBox ruractuH (10-20% Big 00cATY) HASBHICTH BUTLHOTO MPOCTOPY TaKOXK MPU3BEIE
JI0 3MEHIIIEHHS iIHTEHCUBHOCTI 0OpOOJICHHS BHACIIIOK HEPIBHOMIPHOTO TIepeMilllyBaHHS MacH 3aBaHTa-
JKEHUX TUIACTHH 1 abpa3uBy 1 BiICYTHOCTI TUCKY aOpa3uBy Ha pi3aiabHi IUTACTHHU.
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Puc. 2 — 3anexHICTh IHTEHCHBHOCTI 3HIMaHHS MaTepially BiJl KUIBKOCTI OJTHOYAacCHO 00po-
OJIOBaHMX TUIACTUH BiJ 3arajbHOTO 00’ eMy. Cyminn mopomky anmmazy ACM 28/14 B kos-
nenrpauii 15% i moHOKOpyHIY, 00poOKa — 40 xB.

Hatikpamuii moka3HuK HpoaeMoHcTpyBaia 00podka 3-4 mmactul (30-40% Big BChoro 00’emy
KaMepH) ofHOo4YacHoO. Lle MosSCHIOETHCS TUM, L0 BUIBHOTO MPOCTOPY Y pobouoi kKaMmepu Oifble, KOHTa-
KTyBaHHs aOpa3uBy i IUIACTHH € OLIBIN IIUTBHIIINM 1 00po0Ka, TAKMM YWHOM, POBOAMTHCS OLIBII iH-
TEHCUBHIIIIE.

Jlo Toro * MIUIBHICT KOHTAKTYBAaHHS YIIUTLHEHOTO a0pa3uBHOTO MIapy 3 00pOOIIOBAHOO MTOBE-
PXHEI0 IIpY KaMepHii 00poO11i 3HAYHO BHINA, HIX ITPU 00pOoOIli iIHCTpYMEHTaMH 3 TIOB'I3aHUMH abpas3u-
BHUMH YaCTHHKaMH.

[Tpu BimHOCHOMY TIepeMillleHHi a0pa3uBHOTO 3epHa i 0OpPOOIIOBAHOI MMOBEPXHI JieTali BinOyBa-
I0ThCSI APSANIAHHS MaTepiaiy 1 3pOCTaHHs CHJI, IO Oil0Th Ha 3epHO. [.B. Kparenbcpkum mokaszano, mo 3i
3pOCTaHHSAM HOPMAJIBHOTO HaBaHTaXKeHHs PN 30UIbIIyeThCS TIIMOWHA BIPOBAHKCHHS BEPIITMHN adbpa-
3WBHOI YaCTHHKH B TIOBEPXHIO METANY 1 BiIOYBAETHCS MEPEXiJ] JO MiKpOpi3aHHS, TOYATOK SIKOTO MOKHA
BU3HAYUTH 32 CMiBBiAHOLIEHHAM h,/p (h,; — r1MOMHA BIPOBaIKEHHS BUCTYITY a0pa3uBHOI YACTUHKH IPU
BiTHOCHOMY TepeMillIeHHi, KOJIU 3'BISIEThCS TaHTeHITianbHa cuna P;) [3].

Tak sK KUTBKICTH JeTaliel € JOCUTh YMOBHHM IOKa3HUKOM, Kpare HoTpioHOo O OyIio 3aMiHUTH
KIJIBKICTB Ha 00°eM ( SIK 1 € B HALIOMY BUIIAJKY), IKAH OyayTh 3aiMaTH IUNIACTUHY Y Till 4M iHIIIHA poOo-
yiii kamepi. Takoxk 1ell Moka3HUK Oy[e 3aiieaTd BiJf rabapuTHUX PO3MIpiB caMoi TutacTHHH. Takum
YUHOM HaWKpairy MpoIyKTHBHICTh MTOKa3alu TuTacTUHH (D4,5MM), mo 3aiimaroTsh 35% Big 00’eMy Ka-
Mepu y 50 v’

e ogHUM BaXJIMBUM (DaKTOPOM, SIKMI BUKJIMKAE MigBUILCHHS 00pOOIIOBAHOCTI MaTepiany, €
CHIBBiTHOIIIEHHS KiIbKOCTI IIaCTHHU 1 abpa3uBy (puc. 3).
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Puc. 3 — BruB ciBBiqHOIIEHHS KiJTbKOCTI IVIACTHH 1 aOpa3uBy Ha IHTEHCUBHICTH 00pOOKH

Buxopsun 3 onepeHix JOCHiIKeHb, MOXHa 3pOOUTH BUCHOBOK TIPO T€, 0 HAWOLIBII iHTEHCH-
BHO 00po0OKa BeETHCS MPH CITIBBIAHOIIEHH] KUTBKOCTI pobounx Tin i mactuH Bix 40 1o 60%. B inmomy
BUTIAJIKY, SKIIO a0pa3uBHOTO Matepiaiy OyJe MeHIe, Hixk 00poOIIOBaHNX TIIACTHH, IHTEHCHBHICTh 00-
POOKH pi3KO 3HU3UTHCS Yepe3 Te, IO IUIACTUHU OyIyTh CHIBYAAPSTUCS, B OCHOBHOMY, OJJHA 3 OJTHOIO 1
JIUIIE B HE3HAYHIH Mipi 3 aOpa3suBHUM MaTepiajoM. Y pasi MeBHOTO NMEePEeBUIICHHS KITLKOCTI abpa3uB-
HOTO MaTepiaily Haj KiUTBbKICTIO IUIACTHH MOKa3HUK iHTEHCHUBHOCTI OOpOOKM 3HU3WTHCSA 4Yepe3 3MEH-
HICHHS KUTBKOCTI AeTael 1 HeMOXKIIMBICTh piBHOMIpHOT 00poOKH iX abpa3uBoM.

JloGaBky mMTYyYHHX anMa3iB B Oyab-SKOMY BHITAJKy IPUCKOPIOIOTE 00pPOOKY, aje iX BIUIMB Ha
Matepiay Moxke OyTH AeIIo iHImUM. 3i 30UTBIIIEHHAM 3€PHUCTOCTI 3pOCTaE 3HIMAHHS METaly i opmy-
€THCSl MEHIIIA IOPCTKICTh MOBepXHi. Lle cBiqUnTh Mpo MpeBarO0YMii BIUIMB Ha 3HIMAHHS Marepiany
MiKpoO- 1 CyOMiKpOBHCTYIIiB a0pa3uBHUX 3€pEH.

31 3MEHIICHHSIM 3epHUCTOCTI MUTI(PYBAIEHOTO MaTepiany iIHTEHCHBHICTD 3HIMAHHS METaly, MPU
IHIIUX PIBHUX YMOBAaXx, MOBHHHA 3pocTaTH. OJHAK EKCIIEPUMEHTAIBHUMHE JIOCTIKEHHSIMH BCTAHOB-
JICHO, 110 HAaBIiTh MIPH HEBUCOKUX KOHTAaKTHUX THUCKAaX, 10 MAIOTh Miclle TPH KaMepHiii 06pooui, Oibi
M'SIKHI MaTepial MOKe TpaTy POJIb BUTHPAIOUOTO MaTepiaiy, 0 MOXKe HiIBHIUTH AKiCTb 00po0IeHol
MTOBEPXHI.

[Tpu noBexeHHi B mpoleci 3HIMaHHA MaTepiary Oepe yJacTb YHCIEHHA CYKYIHICTh BEpPIIMH a0-
Pa3MBHHX 3€peH, YaCTHHA 3 SKUX, IPOXOISYN 30Hy KOHTAKTY, 3/IHCHIOE pi3aHHA 1 3HIMA€ MOOJHHOKI
CTPY’KKH, III0 BU3HAYAIOTH MPOIXYKTUBHICTH MTPOLIECY JAOBEIACHHS. Y 3B'SI3KY 3 IIM OLIHKY HPOTYKTHB-
HOCTI IIpoliecy JOBEACHHS 3IIHCHIOIOTh 32 CYKYITHHMHU 3HIMAHHIO METaly PKYYHMHU 3epHAMU B 30HI
KOHTaKTy ab0 3a XapaKTepHCTUKaMH MiKpOpi3aHHS OAMHUYHOTO 3€PHA.

V mpomeci mociipkeHb BiOpariiHoro oOpoOIeHHS HAATBEPIOi KepaMiku OyiIo 3'SCOBaHO SIK
BIUIMBAE 3MOUYYBaHHsI 30HU pi3aHHS Ha MPOAYKTHBHICTb. 3MOYYBaHHs TIPOBOAMIOCS aHTHKOPO3iHHOIO
HU3BKOKHITISTYOIO P1IKOIO CyMIIIIIIO, IO MIBUAKO BUMAPOBYETHCS.

Ha mixcraBi aHamizy oTpuMaHHX pe3ynibTaTiB OyB moOymoBaHUil rpadik 3ajeKHOCTI 3HIMAaHHS
MaTepiary BiJ HasBHOCTI ab0 BiZICYTHOCTI 3MouyBaHHA. HasBHICTH 3MouyBaHHs (puc. 4) BIDTUBaE Ha
NPOIYKTUBHICTH 0OPOOKH.

Amnanizyrouu rpadik, MOKHa MIPUITH 10 TIEBHOTO BUCHOBKY IIPO Te, 10 3MOYYBaHHS BIUINBA€E HA
30LIBLICHHS KUIBKOCT] BHIIy4€HOr0 MaTepially 3 IOBEPXHI IIACTUHH [yKe NOBLIBHO, TOOTO IIPOAYKTH-
BHiCThH BiO 1MOBiIBHO 3pocTae. [i MO3UTHBHMIA BILUTUB MIPOSBIAETHCS B 301IbIIEHHI OBEPXHI KOHTAKTY
MIOBEPXOHB, IO MIPUTHUPAIOTHCS, OUMIIEHH] JeTanell 1 HOBEpXHI KaMepH, 3MEHILIEHHI YTBOPEHHS MUY
Ta OXOJIOJDKEeHHI 30HU pizaHHsA. OTxe 1 100aBKa MOKe BIUTMHYTH Ha IHTEHCHBHICTh. 3aCTOCYBaHHS pi-
JIMHU MOKe OyTH 00YMOBJICHO TAKOK OUHMIIICHHSM HAJATBEPAOI KEPaMiKH BiJ BiIXOMiB 0OpOOKH.
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Puc. 4 — 3anexHICTh KiJTBKOCTI BUIIYYE€HOTO MaTepiajiy Bijl HAsIBHOCTI 3MOYYBaHHS

B 3amexHOCTI Bifg 00poOIIOBaHOTO MaTepialy Ta peXHUMIB OOpPOOKH, XapaKTEPHUMH MEXaHi3-
Mamu 3Hocy iHcTpyMeHTiB 13 [IKHDB siBistroTbesi: abpasuBHMiA, anresiinuii, nudysiiiauii [4] Ta 3a paxy-
HOK IIPOTIKaHHS XIMIYHHUX peakKiii B3aeMoil Ky6iuHoro HiTpuay Oopy i3 00poOaroBaHNM MaTepiaioM
B mpornieci 00poOKH BUIIIUTH OJTMH MEXaHI3M 3HOCY, SIK MPEBANIOIOYHN, HEMOXKIIUBO — IIOTPIOHO PO3T-
JSIATH MPOIIEC 3HOCY SIK CYKYIMHICTh NEKUTFKOX BUAIB. [IpoTe ciix BiIMITHTH, 1110 3HOC IHCTPYMEHTIB 3
pizaum BMictomM KHB Mae cBoi ocobmuBoCTi.

3HOC pi3abHUX IHCTPYMEHTIB BiI0OYBa€ThHCS 32 paXyHOK YTBOPEHHS JIYHKH T10 TIEpEIHii MOBep-
XHi, YTBOPEHHS TPINTUH, 3a3yOpHUH Ta TEMIIEPATypPHOTO MPOCITaHHS Pi3adbHOI KPOMKH, a TaKOXK CTH-
paHHS IHCTPYMEHTY MO 3a[Hiil moBepxHi. Came YTBOpPEHHs JYHKH 1O TepeiHil moBepxHi Ta (acku
3HOCY Ha 33/IHi{l IOBEPXHI iIHCTPYMEHTY SBISIOTHCS KPUTEPISIMH CTIHKOCTI IHCTPYMEHTY Ta BU3HAYAIOTh
NOJaJbIy MPale3AaTHICT Pi3ajJbHUX IUTACTHH.

YTBOpEHHS JIyHKH, B OCHOBHOMY, BHKIIMKAaHO PO3YHHEHHSM iHCTPYMEHTAJIbHOTO Marepiany B
CTpYXILi. AnresiiiHe 3HOIIYBaHHS BiIOYBAETHCS B pe3yIbTaTi Oe3MepepBHOIO CXOIUTIOBAHHS 1HCTpyMe-
HTY 31 CTPY’KKOIO, IiJl Ai€}0 BUCOKHUX THCKIB Ta TEMIIEPATYyp, Ta PyHHYBaHHIM YTBOPEHHUX 3B'S30K, 110
CYIIPOBO/KY€ETBCSI BUPUBAHHIM OKPEMHX 3€pEH IHCTPYMEHTAJIBHOTO MaTepiaiy.

AOpa3uBHE 3HONIYBaHHS MOXJIMBE Yepe3 HasBHICTH BUTBHUX aOpa3vBHUX YaCTOK, SIKi JIIOTh 5K
MIPU MIKpOPI3Ii, AKi APSANAIOTh KOHTAKTHI JUISHKY 1HCTPYMEHTY, a TaKOXK 4epe3 HasBHICTh TBEPIUX
BKJIFOYCHDb B 0OpOOIIOBAHOMY Matepiaji. 3HOIICHHs 1HCTPYMEHTY I10 3aHiil TOBEpXHi BiOyBaETHCS
yepe3 TepTs 00 00poOIIoBaHy JETalb.

3pasku iHcTpyMeHTiB 3 00'emHnM BMicTroM KHB 50% moka3ann BUCOKY 3HOCOCTIMKICTE IIPH 00-
po6mi AISI 316L na mBunkocti pizanas 300 m/xB. OCHOBHMM MeXaHI3MOM 3HOCY € XiMidHa B3aEMOJIis
3 00poOItoBaHUM MatepianoM Ta audysis. [Ipu 30inbIIeH] MBUAKOCTI pizanHsa 10 500 M/XB 3HOC iH-
CTPYMEHTIB IIBUAKO 301IbLIYBaBCs 3aBASKH I ABUILIEHHIO TeMIIepaTypu pizanHs. [[pubausHo Takuii sxe
CTYIIHb 3HOCY IEMOHCTPYIOTh iHCTpyMeHTH 13 00'emHnM BMicToM KHB 60, 65% Ha 000X mBHAKOCTIX
pizaHHS.

[Tpu touinHi crani Vanadis 4E inctpymenTu cuctemu 50 06. % KHbB nokazanu HaiGinery msu-
JKiCTh 3HOCY. Hail0inblry 3HOCOCTIMKICTE AEMOHCTPYIOTh iHCTpyMeHTH cucteMu 60, 65 06. % KHB.

Komroro MexaHIYHOTO pyHHYBaHHSI pOoOOUYNX MMOBEPXOHb He Oyio 3adikcoBaHo. Kpim Toro Bin-
MIYa€eThCsl 30UIBIIEHHS CTIHKOCTI IHCTPYMEHTIB 13 HU3bKHM BMICTOM O0pY 3a paXyHOK MEHIII iHTEeHCH-
BHOI B3aeMozii 3 00poOIIOBaHUM MaTepPiaioM.

[IpoananizyBaBuIu HaBeJeHI BHIE MaTePial, MOKHA 3pOOUTH BUCHOBOK, IO AJISl iHCTPYMEHTIB
13 [IKHB, He3anmexHo 10 K01 BOHU TPYITH HaJIeKaTh, HA BUCOKUX IMIBUAKOCTSX pi3aHHSI HAHO1IbIIT 9acTo
XapakTepHa XiMiuHa B3aeMOJid 13 00poOIoBaHMM MatepiajoM Ta Audys3iiHi Mporecu, IHTeHCUBHICTh
SKHX BU3HAYAETHCS TEMIIEPATYPOIO Pi3aHHSL.

[Tpu 06poOITi pi3adbHUX IIACTHH 3a JOTIOMOTOIO BiOpaIifHoro oOpoOIeHHS BITbHUM aJIMa3HUM
abpa3rBOM cepeiHs CTiIHKICTh BUPOCIIA B KUIbKA Pa3iB y MOPIBHSHHI 3 TIACTUHAMU 3 TBEPAOTO CIUIABY
(tumry BK, TK) i mBuakopi3aibHOIO CTaJUIIO, 10 MIOKAa3aHO HA PHC. 5.
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Puc. 5 — 3anexHICTh CTIMKOCTI pi3alibHOT TUIACTHHY BiJl BUAY MaTepiany: | — mBuakopiza-
TpHHUN MaTepian; 2 — tBepaociuiaBHi ractuau trmy BK, TK; 3 — HaaTBepi ruiacTiHU 3
Kepamiku, 00po0JIeHi MIKCOM 3 JI0JJaBaHHSM IITyYHUX aIMa3iB

BucHoeku

1. IIpu 0OpoOIIi pi3abHUX TUIACTHH 32 JOMOMOTOI0 BiOpaIlifHOro 00po0JIeHHS BUTBHUM MiKCOM
3 IOJaBaHHAM ajJMa3HUX 3€PEH CepelHs CTIMKICTh BUpocha B 2,5 pa3iB y MOPIBHSAHHI 3 IUIACTHHAMH 3
TBEPJOTO CILIaBY.

2. Haii6inpi iHTeHCUBHO 00pOOKa BeJEThCS MPH CHiBBIAHOMIECHH] KiTBKOCTI poO0YnX Til 1 mia-
cruH Big 40 no 60%.

3. Haiikpammii moka3HUK MpoJeMOHCTpyBaiia 00podka 3-4 (35-40% Big 3aranbHOTO 00’ €My po-
00401 KaMepH) MIACTUH OJHOYACHO.

4. Nns inTeHcudikanii BApoOHHULITBA 10 (EepOMArHiTHOI CKIIa10BOT HEOOXiAHO T01aBaTH ITYYHi
anmasu Mapka ACM 20/14 y kibkocTi 15 BiICOTKIB Bifl 3arajlbHOT Macu abpasuBy.

5. BusBIIEHO MO3UTUBHUI BIIMB 3MOYYBaHHS, SIKUI TPOSBISETHCS B 301IbIICHH] TTOBEPXHI KO-
HTaKTYy MOBEPXOHb, 110 MPUTHPAIOTHCS, OUUIICHH] JeTanel 1 moBepXHi KaMepH, 3MEHIICHH] YTBOPEHHS
Ty Ta OXOJIO/PKEHHI 30HH Pi3aHHS.

6. B 3B'i3Ky 3 BUIE3raJlaHUM € aKTyaJIbHUM IPOBEICHHS JOCIHIII)KEHb, HAallpaBJICHNX Ha BU3HA-
YEeHHS ONTUMAJILHOI MiKporeoMeTpii pobounx noBepxoHb iHcTpyMeHTiB i3 [IKHB ni1st 3menmenns tpu-
00J10Ti9HOT B3aEMO/IT 3 00pOOIIOBAaHUM MaTepialioM Ta pO3POOKH METOMIB IS i1 TOCATHEHHS.
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WORKING CAPACITY OF ROLLING PILLOWS AND RELIABILITY
INVESTIGATION

The article is devoted to a comprehensive study of the performance and reliability of roller
bearings. Based on the analysis of the longevity of the pillows and the generalization of the
research results, the method of assessing the impact of key factors on the longevity of roller
bearings has been clarified. A mathematical model was obtained to express the longevity
of rolling pads as a function of a random argument based on a known law of distribution
of conductivity. It has been confirmed that the longevity of roller bearings is distributed by
the law of normal logarithmic distribution. Probability-statistical models for estimating the
continuous operation of roller bearings as a result of the composition of the distribution
function of the dynamic load, taking into account the typical variable loading modes and
real operating conditions, have been clarified. Given the need to substantiate the adequacy
of probabilistic-statistical mathematical models and to obtain more accurate results, the
probability of continuous operation of roller bearings with a high level of reliability was
assessed. An analytical model of pillow conductivity has been developed. The probability
of uninterrupted operation of the pads was assessed, taking into account the operating
modes. Probabilistic-statistical models of longevity of pillows have been clarified. The sys-
tem of equations obtained as a result of analytical studies represents mathematical models
of the continuous operation of roller bearings, taking into account the typical variable
loading modes. In order to ensure a high level of reliability and to more accurately deter-
mine the effect of the equivalent load, the relative error of the reliability index was 0.05
and the significance level was 0.01. These conditions meet the requirements of methods for
assessing the reliability of experimental data.

Key words: rolling pads, performance, reliability, longevity, operating modes, uninter-
rupted operation, probabilistic and statistical models.
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