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MEXAHI3M YTBOPEHHSI MIKPOPEJILE®Y POBOY O]
ITOBEPXHI XOHIB B ITPOLHECI XOHIHI'YBAHHSA

Y cmammi nooano pezynemamu 00CHiONHCeHHs MexaHizmy 63aemMo0ii 3epeH XOHI8 13 38 SA3aHUM
abpaszusom 3 06poOIEHOI0 NOBEPXHEID YUNTHOPIB O8USYHIE GHYMPIUUHb020 320pstHsL ([{B3).

3asnaueno, wo 3 memoio oyiniosanus pyunysanus sepern SIC Ha pobouiil noeepxui XoHy
BUKOPUCTNOBYBABCS.  PACMPOBULL  ENeKMPOHHULL  MIKPOCKON 3 eHepeOOUCHEPCItiIHUM — aHANi3amopom
PeHmeeniBCbKUX 3HIMKI8. Buznaueno xapaxmepHi 03uaxu pyuny8anHs yinozo 3epHa 00 i Nicas XOHIHeY8aAHHS.

Toxasano xapaxmep 3namy uyacmunok SiC i3 ymeopenusim OpiOHUX 20CMPUX pi3albHUX Kpais.
Hoseoerno, wo maxi wacmurKu Maroms 6UcoKy meepoicms i pizanvHi enacmugocmi. 11i0 uac 3aemodii 3epen
6 Npoyeci XOHIHZYBAHHS YUIIHOPIE YIMBOPIOEMbCS NOBEPXHA, WO CNPUAE 30IIbUEHHIO MACIOCMIUIKOCMI ma
ONOPHOI NIOWL NPU BUCOKIU AKOCMI CIPYKMYPU.

Po3zenanymo eghexmusnicmo nonepeonbo2o 6a306020 XOHIHeYEAHH 3 0271A0) HA BUOATIEHHS NPUNYCKY,
a maKodic ONMUMI3AYIIo pexcumie 06poOKU 3 HeOOXIOHUM AKICHUM CKAA0OM AOPA3UBHUX XOHIE.

Ilpoananizoeano mexanizm 63aemo0ii 3epen kapoioy KpemHiio, Wo 3HAX00MvCs 6 poOOHUIl NOBEPXHI
XOHIB, i3 00POONEHOI0 NOBEPXHEIO YUTTHODIS.

Brasano, wo pesynomamu 00CRIOHNCEHHSI MOJICHA BUKOPUCMOBY8AMU 0N AHANIZY eQeKmueHoCmi
XOHI8 NpU CMEOPerHi npoyecie 6a306020 Ma QIHIUHO20 XOHIHEYBAHHS.

Knrouoei cnosa: mexanizm pyiuHy8aHHs 3epeH, THCMPYMEHm i3 38'A3anum abpasueom, CMpyKmypa
Ppo60u0i nosepxHi XoHy, 6a306e XOHIH2YBAHHSA, 08USYHI BHYMPIHbL020 320paHHs ([[B3)

Beryn

HailiBaxuBiliuM 3aBJaHHSAM TEXHIYHOTO Iporpecy B Taly3l MalIMHOOYIyBaHHS €
MiJBUIICHHS HATIHHOCTI Ta JOBrOBIYHOCTI pOOOTH MAaIMH Ta MeEXaHi3MiB. BupilieHHs #oro
MOB'sI3aHE 13 yIOCKOHAJEHHSM TEXHOJOTIYHUX METOIB 1 3aco0iB 0o0poOku neranei, ToOTO 3
TEXHOJIOTIYHUM 3a0€3MEYeHHSAM BHCOKOI TOYHOCTI iXHbOI TI€OMETpUYHOI (GOpPMH, HU3BKOI
IIOPCTKOCTI TMOBEPXHI, Kpamioro (¢izMKO-MEXaHIYHOTO CTaHy IIOBEPXHEBUX IIapiB MeTaly Ta
CKOPOYEHHSM Y uYaci TexHoJoriyHoro mporecy. Came Ha OCTaHHIX omeparisx (QopMmyeTbes
MOBEPXHEBUH IIap JIeTalel, 110 BU3HAYAE TXH1 €KCIUTyaTal[liiH1 BIaCTUBOCTI.
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OO6poOka OTBOPIB METOAOM XOHIHTYBaHHS y BITUYM3HSHIN Ta 3apyOiKHINA MPAKTHII B OCTaHH1
poku HaOyna IIMPOKOTO MOIIMPEHHS. BOHA 3aCTOCOBYETHCSI B aBTOMOOIUIBHIN, aBlaliifHiM,
TPaKTOPHiH, CLIILCHKOTOCTIONAPCHKIM, HAPTOBIM Ta IHIIMX TATY35X MAIIMHOOYTyBaHHS IPU 00poOIIi
AeTanel i3 4aByHy, CTaji, KepaMmiKH, IUIACTMAC Ta KOJbOPOBUX MeTalliB. XOHIHTYBaHHS ITiABHILY€E
TOYHICTh TEOMETPUYHOI (OPMH Ta 3MEHIIYE MIOPCTKICTh TMOBEPXHI, a TAKOX CTAOUII3y€e SKICTh
00poOIIIOBaHKX JIeTajeH Ta ITiIBUILY€E HAAIHHICTh TEXHOJIOTIYHUX mporecis [1, 2].

[IpoGnemMaMy XOHIHTYBaHHS 3alMalMCs SK BITYM3HSHI, Tak 1 3apyOiXkHI BueHi. 30Kpema,
O.II. ba6iyes Ta M. O. TamapkiH y CBOiX JOCHIUKEHHSX INPOIMOHYIOTh BUKOPUCTAHHS HOBOTO
Marepiany sK 3B’s3yBajibHOTO iHCTpyMeHTY B abpasuBi; C. A. Kimimos, B. 1. 3aiines, 10. M.
[MonsHuukos, JI. I'. I'inpaeOpana Ta iH. — BUKOPUCTOBYBAIM €EeKTpoximiuHe XoHinryBanus; C. L
Kynukos, ®@. @®. Pi3BaHOB pO3risAarOTh BIUIMB PI3HUX BUIIB OCIHMIIOIOUUX PyXiB Ha Ipolec
xoHiHryBanus, B. I. Byrenko, O. B. UuCTSKOB IOCHIIKYIOTh BIUIMB TEMIIEpaTypH Ha IPOIEC
00poOKH Ta MPOMOHYIOTh 3aCTOCYBAaHHS MACTHJIBHO-OXOJIOKYIOUMX TEXHOJIOTTYHUX CEpPEeOBHIILL
neBHoi Temmeparypu; B. M. Ulymsuep, 1. M. HikipopoB — BIIMB CKJIQAy MacTHIBHO-
OXOJIO/IKYIOUO1 pIAMHY Ha mpornec abpazuBHoi 00pooku; 0. H. Ionsxnuukos, FO. I1. Annep, A. A.
OMmenstHeHKO — BUOIp ONTUMATBHUX PEXKHUMIB Pi3aHHS MMPH XOHIHTYBaHHI TOLIO.

OcHoBHa MeTa XOHIHT'YBAaHHS MMOBEPXHI IWIIHJIPIB JABUTYHIB BHYTPIIIHHOTO 3TOpaHHS —
(dhopMyBaHHS ONTHMAIEHOTO MIKPOTIPOQLITO 3 O1TIBIIOI0 OMTOPHOO MOBEPXHEIO 1 IITHOOKUX PHCOK, SKi
CHPUSAIOTHh BUBLIbHEHHIO IpadiTy (CKIa10BO1 YaByHa) Ha poOouiil moBepxHi [3]. 3anexxHo BiJ BUOOpY
3epHUCTOCTI a0pa3uBy, 3aA1STHOTO Yy 3B’SI31I1 XOHY, TOCITAETHCS MOTPIOHUH pe3ynbTaT. JlocmiKeHHIO
XOHIB 31 3B’s3aHMM aOpa3WBOM IEpeIyBal0 MOJCIIOBaHHs Mpollecy pyiHyBaHHS 3epeH SIiC 3
BUKOPHUCTAHHSM IUTaHeTapHoro MiauHa M-44J1. Anani3 aucnepciiiHoro crany noapioOHeHoro kapoiay
KPEMHII0, TpOBeIeHN Ha JazepHoMy audpaxmiiinomy anamizatopi MAS — MASTERSIZER,
MOKa3aB, 10 KUIBKICTh APIOHUX 3€PEH MPEBATIOE MPU PO3MOILIL PO3MIPY YACTHHOK, a 1€ 3HAYHO
3MEHIIY€E MPOIYKTUBHICTh XOHIHTYBaHHS [4]. Tomy, ans 3a0e3meueHHs CyTTEBOTO MPUIYCKY MpH
XOHIHTYBaHHi, Oyno BuOpano SiC 3epuucrocti 160/125. B Hamomy BHIAIKy pO3IIISIAETHCS
XOHIHTYBaHHSI IHCTPYMEHTOM 31 3B’si3aHMM a0Opa3suBOM, J€ 3a PaxyHOK BIUIUBY CTPYKTYPHHX
(akTopiB Ha MEXaHIYHI BIACTHBOCTI TBepAUX i kpuxkux (a3 SiC BinOyBaeTbes ixHs pyiiHauis [4, 5].
Ile copusie OTpUMaHHIO ONTHUMAIBHOIO MIKpONpodiIro 0o0poOII0OBaHOI MOBEPXHI LMJIHAPIB Ta
e(peKTUBHOMY BUKOPUCTAHHIO XOHIB.

Pe3yabTaTu nociigkeHb

JlocmiKeHHs Ta aHalli3 MEeXaHi3My pyiHyBaHHs 3epeH adpa3uBy BUCOKOT KOHLIEHTpAL]l IpU
XOHIHTYBaHHI CIIelIaJIbHUM 1HCTPYMEHTOM Ha/lajau
MOJJIMBICTh ~ BU3HAQUUTH  DI3HOBUJA  3J1aMy
untidgyBanpHEX yacTok SiC.

Jlnst ouiHroBaHHs 3nmamy 3epeH SIiC Ha
poOouili TOBEpXHI XOHY BHUKOPHUCTOBYBABCS
pacTpoBuii enekTpoHHHMH Mikpockon Carl Zeiss
EVO 50XVO 3 eHeproaucrepcHUM aHAIi3aTOPOM
PEHTI'€HIBCbKHX CIIEKTPIB. Crocrepiranocs
YacTKOBE JIPOOIHHS 3€peH 3 YTBOPEHHSIM MEHIINX
55 (parMeHTiB i3 TOCTPUMH pi3aTbHUMHU KPOMKaMH,
ome ooz ) 0 Jla€ MOXIIMBICTh YHHMKHYTH 3acaJIlOBaHHS

WD:|20mm Photo No. = 8035 Time :12:34:00
po6oY0i moBepxHi XOHY (pucyHOK). Lli yacTuHKM
Konmypu yinicnoeo sepna SiC posmipom MaloTh BUCOKY TBEPJICTh, MOCTYMAIOUNUCh KapOiLy
290x240 mKm nicns XOHiH2Y6aAHHS Oopa Ta anMasy, 1 3Ha4Hi pi3anbHi BIaCTUBOCTI.
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B3aemMois Takux 3epeH 13 XOHIHTYBAJIBHOIO MOBEPXHEIO IMIUTIHJAPIB 3a0e3Ieuy€e OTHOPIIHY
TOHKY (aktypy ii Mikpornpodiato. OKpiM IbOT0, BOHH BIUIMBAIOTh HAa CTaH IMOBEPXHi, III0 TaApAHTYE
301BIICHHS. MACIOCTIHKOCTI 11010 OMOPHOI TUTOIII MPU BUCOKIN SKOCTI CTPYKTYPH IMOBEPXHEBOTO
mapy muIiHIpa.

Jlnst yTBOpeHHs OUTbII OJHOPIHOT 36PHUCTOCTI B 3B'SI3KYy XOHIB BBOJIWJIM JIMIIIEC KaIiOpoBaHi
3epra M40 i3 Al2O3, ski B iporieci XOHIHTyBaHHS MOAPiOHIOBaIN O1IbIIi 3a po3mipom 3epHa SiC.

[TpoBeneni BunpoOyBaHHs po3pobieHnx abpa3uBHUX XOHIB ABBX 125x8x7 Ha opraniuHii
3B'S3I01 3 BHKOPHCTAHHSM cymimn SiC (Kap6izly KpeMHito 3eieHoro) 64C BCpHI/ICTOCTi 160/125 #
okcuay amominito (Al203) 3epaucrocti M40 mpu 06poOITi 4aBYHHHUX nuniaapis JIB3 B ymoBax
PEMOHTHOTO LICHTPY MOKA3aiH, 10 38 IPOXYKTHBHICTIO Ta SKICTIO 0OPOOJICHHX [OBEPXOHb OJIOKIB
(rinp3) BUNpoOyBaHi XOHIHTYBaJIbHI OPYCKU JAIOTh MOXKJIMBICTH 301UIBIIMTH IIBUIKICTH POOOTH Ha
30%. L1i XOHM BUKOPHCTOBYBATHCS IS [IONEPEHBOT0 6a30BOTO XOHiHryBaHHﬂ

OinilwHe XOHIHIYBaHHS NPOBOAWIOCS Ha opraHidHiil 38'ssui 3 SIC seprucrocti M40,
OCKUIBKM BCC HABAHT@XCHHS IIOA0 €(EKTHBHOIO BUIAICHHS MPHUIYCKYy 1 IOMIMIICHHS
(BumpasiieHHs) (hOopMHU BHYTPIIIHBOI MOBEPXHI IMIIiHApa Oepe Ha cebe XOH, SIKUi, HacamIiepes,
mictuth K3 13 3eprom 160/125.

3IaTHICTh KPHXKOTO py#HYBaHH: 1 moApiOHEeHHs 3epeH KapOiay KPEMHII0, PO3TallIOBAHOTO Ha
poGouiil MOBEPXHI XOHY, I Yac HOro JUCKPETHOIO KOHTAaKTy 3 O0OpOOIIOBAHONO MOBEPXHEIO
nependadae Taki crasii, SK:

1) mouaTkoBa — 3epHa 1e Besnuki (10 600 MKM) BOHH 3HIMAKOTh 3HAYHY YACTHHY HPHILYCKY
10 0,2 MKM 1 BUTIPaBISIOTh TOPYIICHHS BHYTPIIIHBOI (hopMu MoBepxHi uiiHApa. Poboua moBepxHs
XOHY HC 3aCaJFOEThCS Yepe3 MOCTIHO PO3KPHUTY CTPYKTYPY;

2) 3aBepIalibHa — KPUXKI 9acTKH KapOiny kpemHito SiC i okcuay amtominito Al2O3 ouniaroTs
MOBEPXHIO IMIIIHJIPA, 110 POOUTH 11 O1IbIII 3MOUYBaHOIO (MTOAIOHO 10 KpalleBaHHS).

BucHoBku

JlocmipkeHo, Mo B TPOLEC XOHIHTYBaHHA pPOOOYOI0 IOBEPXHEI0 XOHY, SKa MICTUTh
abpasuBHi 3epHa SIC, Big0OyBa€eThCs KPUXKE iX MOAPIOHEHHS 3 YTBOPEHHSM (PParMeHTIB i3 TOCTPUMHU
pi3aIbHUMHU KPOMKaMH, 1110 J1a€ MOJIMBICTh €()EKTUBHO 3HIMATH MPUITYCK O€3 3acallOBaHHS XOHY.
Ie 1ae MOKJIMBICTh 3MEHIIIUTH Yac 1 CHPOIILY€E TEXHOJIOTIK CAMOT0 MPOLECY XOHIHTYBaHHS.

PesynbpTaTi noCimiKeHHS MOXHA BHUKOPUCTATH JJIs aHaII3y e€(pEeKTHMBHOCTI 3aCTOCYBAaHHS
IHCTpYMEHTA i3 3aKpIiTUICHUMH BETHMKUMHU ab0 JpiOHuME 3epHamu SIC mpu cTBOpeHHI 0a30BOT0 ab0
(iHIIIHOTO MPOIeCY XOHIHTYBaHHS.

O. Denisenko?, V. Kisel?, V. Belorusets?, L. Makarenko?, O. Koshkin?

V.N. Bakul Institute for Superhard Materials of National Academy of Ukraine
2Company “Repair Center”, Ukraine
%Institute of nuclear researches of National Academy of Sciences of Ukraine

MECHANISM OF FORMATION OF THE MICRORELIEF
OF HONES WORKING SURFACE IN THE PROCESS OF HONING

The article presents the results of the study of the mechanism of interaction of hone grains with a
bound abrasive with the treated surface of cylinders of internal combustion engines (ICE).

Itis indicated that in order to simulate the process of grinding SiC grains with a grain size of 160/125,
their fine grinding was carried out on a laboratory planetary mill M-44L, which, according to domestic and
foreign research, is widely used when grinding materials that are difficult to grind, for example, carbides,
synthetic diamonds, etc.

It is noted that in order to evaluate the characteristics of SiC grain destruction on the working surface
of the hone, a Carl Zeiss EVO50XVO scanning electron microscope with an X-ray energy dispersive analyzer
\évas us_ed.dCharacteristic signs of destruction of the whole K3(SiC) grain before and after honing were

etermined.

The characteristics of the fracture of SiC particles with the formation of small sharp cutting edges are
also presented. It has been proven that such particles have high hardness and cutting properties. During the
interaction of the grains with the honing surface of the cylinders, a surface is formed, which contributes to the
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increase of oil resistance and the bearing area with a high quality of the surface structure. The final honing is
carried out on an organic bond with SiC grain size M40. Since all the load related to the effective removal of
the allowance and improvement (correction) of the shape of the inner surface of the cylinder is taken by the
hone, which, first of all, contains short-circuiting with a grain of 160/125. In addition, the unique composition
of the bakelite bond is optimized taking into account rational honing modes.

The effectiveness of the preliminary basic honing is considered in view of the removal of the allowance,
as well as the optimization of processing modes with the necessary high-quality composition of abrasive hones.

The mechanism of interaction of silicon carbide grains located in the working surface of the hones
with the processed surface of the cylinders was analyzed.

Itis indicated that the results of the study can be used to analyze the efficiency of hones in the creation
of basic and final honing processes.

Key words: mechanism of grain destruction, tool with bound abrasive, structure of the working surface
of the hone, basic honing, ICE — internal combustion engines.
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