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TEXHOJIOTTYHI ACIIEKTHU TOPIIEBOT'O ®PE3EPYBAHHSA CTAJIEM BUCOKOI
TBEPJOCTI KYBIYHUM HITPUIOM BOPY

Y cmammi npedcmaeneno pesynvmamu KOMIIEKCHO20 GHANIMUYHO20 OOCHIOJNCEHHST 6NAUSY DIZHUX Napamempie
mopyesoeo gpezepysanns Ha 00pobaOeanicmy cmanell 6ucoxkoi meepdocmi. OcHOSHA y8aea NpudileHd BUKOPUCHAHHIO
iHCmMpYyMenmi6 3 NoAKpUCmaniuno2o Kyoiunoeo Himpudy 6opy (IIKHE) 6e3 nokpummis ma 3 nokpummsmu,, AKi OeMOHCMPYIOmb
BUCOKY 3HOCOCMIUKICMb | cmabinbHicmb npu 00podyi meepoux 6axckoobpodoeanux mamepianie. Ananimuuni 00CiOHCeHHs
BKIIOUAIOMb 6 cebe aHani3 6Naugy Napamempis pizaHHsa, MAKuUX AK WEUOKICb DI3aHHA, 2TUOUHA PI3aHHA, N00ayd, a MaKoiC
Memooie 0X0N00HCeHHS | 3MAUjeHHsT HA AKICMb 00poONI08aHOT NOGEPXHI A 3HOCOCMIUKICMYb THCMpYMeHmis. Buxkopucmanus
incmpymenmie i3 [IKHB pizHux epyn 3 pi3HOI0 2eoMempieto 003605€ 3HAYHO NOKPAWUMY HPOOYKIMUSHICb NPoYecy | 3HU3UMu
sumpamu Ha 00CIY208Y8aAHHS, 3A605KU IX 30AMHOCMI GUMPUMYBAMU BUCOKI MEMNepamypu I YMOGU BUCOKUX MEXAHIYHUX
Haganmaoicens. B pamkax excnepumenmy nposedeno nopienanns egpexkmugnocmi incmpymenmie i3 IIKHE pisnux epyn. I[lokasano,
wo incmpymenmu i3 IIKHE 3abesneuytomv Kpawy sxicme 00poONeHOI NOGEPXHI ma MeHue 3HOULYIOMbCS 6 YMOBAX
BUCOKOWBUOKICHO20 (hpe3epy8anHa. Po3eiaHymo pisHi Memoou OXON0O0XCEHHA, AK 6OHU 6NIUBAIOMb HA 3HOCOCMIUKICb
iHcmpymenmie i akicmv 00pobn0eanoi nosepxui. Ocobausa ysaza npudirena Onmumizayii napamempie mopyegozo gpesepysanHs
0718 OOCACHEHHA MAKCUMATLHOT eqheKMmUBHOCMI npoyecy, 30Kpema 3MeHUeHHA NOKA3HUKI8 WOoPCMKOCME NOBEPXHI cCmaell 8UcOoKoi
meepoocmi. Pospobneno pexomenoayii wo0o ubopy onmuManbHux pexicumis pisanus, axki 003601810Mb 3SMEHUUMU 3HOULYBAHHS
IHCMPYMEHmMI6 [ NOKpAwumu NOKA3HUKU WOPCMKOcmi obpobnioganoi nogepxwi. Cmamms mMaxoxic po3ensioae nepcneKmusu
BNPOBAVIICEHHS HOBUX MEXHONO02IU | MAMEPIANi8 Yy 6UPOOHUYMBO, WO MOICYNb CYMIMEBO GNAUHYMU HA ePEeKMUBHICMb MOPYEBO20
@peszepysanns cmaneti sucoxoi meepoocmi. [Ipedcmasneni pezyibmamu aHAAiMU4HO20 00CIIONCEHHS MONCYNb OYMU KOPUCHUMU
OJ11 THOCEHEPI8 | MEXHON02I6, KL 3aUMAOMbCsi PO3POOKOI0 Ma 800CKOHANEHHAM Npoyecie 06poOKU meepoux mMamepianié Ois
nO0AIbLULO20 NOKPAUEHHA NOKASHUKIB WOPCIMKOCMI NpU Mopyegomy (pesepy8aHHi.

Kniouoei cnosa: mopyese ¢hpesepysanus, cmani ucokoi meepoocmi, NOAKPUCMANIYHUL KYOiuHUll Himpuo 60py,
3HOCOCITIKICTb, AKICMb NOBEPXHI, ONMUMI3AYIS napamempis.
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RESEARCH OF STRUCTURAL AND MECHANICAL PROPERTIES
OF MEAT AS AN OBJECT OF PROCESSING IN MEAT COMMINUTOR

The article presents the results of a comprehensive analytical study on the influence of various face milling parameters on the machinability
of high-hardness steels. The focus is on the use of polycrystalline cubic boron nitride (PCBN) tools, both uncoated and coated, which demonstrate
high wear resistance and stability when machining hard-to-machine materials. The analytical studies include the analysis of the effects of cutting
parameters, such as cutting speed, depth of cut, and feed rate, as well as cooling and lubrication methods on the quality of the machined surface
and the wear resistance of the tools. The use of PCBN tools from different groups with varying geometries significantly improves process
productivity and reduces maintenance costs due to their ability to withstand high temperatures and high mechanical loads. The experiment
compares the effectiveness of PCBN tools from different groups. It has been shown that PCBN tools provide better surface quality and exhibit less
wear under high-speed milling conditions. The study also considers various cooling methods and their impact on the wear resistance of the tools
and the quality of the machined surface. Special attention is given to optimizing face milling parameters to achieve maximum process efficiency,
particularly reducing surface roughness of high-hardness steels. Recommendations have been developed for selecting optimal cutting regimes that
minimize tool wear and improve surface roughness. The article also explores the prospects of introducing new technologies and materials into
production, which can significantly impact the efficiency of face milling high-hardness steels. The presented analytical research results can be
valuable for engineers and technologists involved in the development and improvement of machining processes for hard materials to further
enhance surface roughness in face milling.

Keywords: face milling, high-hardness steels, polycrystalline cubic boron nitride, wear resistance, surface quality, parameter optimization.

IocTaHoBKa MPo0/IeMH Y 3arajiIbHOMY BHIISATI
Ta 1i 3B’5130K i3 Ba)KJIMBUMM HAYKOBUMH UM NPAKTHYHUMHM 3aBJaHHIMH

[TocranoBka npoGseMu TOpIEBOro (pe3epyBaHHs CTajel BHCOKOI TBEPAOCTI KyOiYHMM HITpUaOM Oopy
(KHB) € kim040BHM acneKToM Cy4acHOi MalMHOOYAIBHOT Hayku Ta npakTHku. OOpoOKa crajeil BUCOKOI TBEPIOCTi,
TaKMX SIK IHCTPYMEHTAJIbHI Ta IITaMITyBaJIbHI CTaJi, € HaJ3BUYAHO BKIMBOIO IS 3a0e3MeYeHHs] BUCOKOT TOYHOCTI
Ta SIKOCTI BHUpOOIB, $Ki BHUKOPHUCTOBYIOTbCS B KPUTHYHO BaXKJIMBHMX Tajy3siX, BKJIIOYAIOYM aBialio,
aBTOMOO11€0y/lyBaHHS Ta BUPOOHUIITBO €HEpreTHYHOro obyanHanHsi. OCHOBHa IpoOiemMa MoJsirae B JOCSTHEHHI
cTabIbHOI Ta BHCOKOSIKICHOT OOpOOKM IMX MaTepiaiiB, 3HM)KEHHI 3HOCY PUKYyYHX iHCTPYMEHTIB Ta ONTHMI3allii
mapamMeTpiB pi3aHHSA Ui MiABHIIEHHS NMPOAYKTUBHOCTI Ta €KOHOMIYHOI e(eKTHBHOCTI mporecy. Bukopucranus
inctpymenTiB i3 KHB BigkpuBae HOBI MOXIIMBOCTI I MiJABHIIEHHS NMPOAYKTUBHOCTI Ta 3MEHIICHHA BUTpPAT Ha
BHUPOOHHUIITBO 3aBISKH {X BUCOKii TBEPAOCTI 1 3HOCOCTIMKOCTI, ajie BUMAarae AeTalbHOTO TOCIIKEHHS BIUIHBY Pi3HUX
TEXHOJIOTIYHHX MapaMeTpiB Ha KiHIEBUH pe3ynbTaT. JlocmimKeHHs Mpo0IeMu BaXXIUBO IS pO3POOKH HOBUX METOIB
1 MaTepiajiB, MO MiABHITYIOTh €PEKTUBHICTE OOPOOKH, 3MEHIIYIOTh BUTPATH Ha OOCIYrOBYBaHHS Ta ITiIBUIIYIOThH
SIKICTh TOTOBO1 POIYKIIil. Ba)IIMBUM 3aBIaHHSM € BU3HAYCHHS ONTHMAIBHUX PEXKUMIB Pi3aHHS, BUOIP BiAIOBITHUX
IHCTPYMEHTIB Ta METOJIB OXOJO/KEHHS, 10 J03BOJSIE IOCATTH HANKpalUMX Pe3yJbTaTiB y BUPOOHUUMX yMOBAX.
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TakuM 4YHMHOM, IOCHI/DKEHHS TEXHOJIOTIYHUX AacleKTIB TOPLEBOro (pe3epyBaHHs CTajeld BHCOKOI TBEPIOCTI
KyOIYHUM HITpuaO0M OOpY CIIPsIMOBaHE Ha BUPIIICHHS BaXKIMBUX HAYKOBHX 1 IPAKTUYHUX 3aB/1aHb, 1110 MAlOTh BEJIMKE
3HAUEHHS I Cy9acHOI MPOMHCIIOBOCTI.
AHaJi3 nocairkens Ta myoaikanii

BitumsasaanMEy Ta 3apyO0iKHUMHU TOCIITHUKAMH ITiATBEPIKYETHCS 3HaYHA e()EeKTUBHICTD IIPH 3aCTOCYBaHHI
takoro marepiainy, sk [IKHB pizaux rpym, mo 6a3yeTscs B 001acTi 3aCTOCYBaHHS BaXKKOOOPOOIFOBAHOT YUCTOBOT Ta
HAITIBYKNCTOBOI 0OPOOKM CTajieli BHCOKOI TBEpAOCTI MPH BHCOKOMIBHAKICHHUX Tporecax pizanus [1-5]. B mestxux
BHITA/IKaX YUCTOBA 00pOOKa TaKUX MaTepiaiiB MOKE TaBaTH MOJKIMBICTh BiIMOBHTHCS BiJ omepamiil muripyBaHHS.

AsTopu [6] oTpuManu 3HaYCHHS KOHTAKTHHX HaBaHTa)XeHb Ha PiXydi enemeHTH iHcTpyMmeHtiB i3 [IKHB
rpynu BL, ne BinoOpakaroThecsi cepesiHi HOpMallbHI Ta JOTHYHI KOHTAKTHI HAIpYyru Npu oOpolui craneil BUCOKOT
TBEPOCTi, Ta JocATaloTh 3HayeHb 70 2500 i 1100 MIla. ABTOpM BH3HAUWIIM, IO 3HWKEHHS BEJIMYHMH Oyzae mpu
HaBaHTAKCHHSIX, SKIIO KOHCTPYKLiS IOKPUTTS Oy/ie BKIIOUATH BEPXHIil 1Iap, 110 BUKOHYE (YHKIIT IPHUITPAIIOBAHHS.
OCHOBHOIO BUMOTOIO JI0 TAKOTO TPOIIAPKY € MOETHAHHS TUIACTUYHOCTI 1 MIIIHOCTI, IPH TOMY, LIO TBEPAICTH HOTO
MoOJKe OYTH ICTOTHO HI)KYe, HiJK TBEPIiCTh OCHOBHOTO MAacHBY MaTepialy MOKPUTTA. Y AOCHIIKEHHIX po3po0iIeHo
Pi3HI MEeTOIW MiIBUIIEHHS CTifiKocTi pixydnx iHcTpyMeHTiB 3 [IKHDB, ski momsraioTs y 3HIDKEHHI TeMIIepaTypu B
KOHTAaKTHIH 30Hi pi3aHHSA 3a JOTIOMOT'00 IOKPHUTTIB, III0 3MEHIIYIOTh KoedimieHT TepTs. OTHNUM 3 TaKUX ITOKPUTTIB €
mwriBka 3 BN. ['0J0BHOIO OCOONHMBICTIO IIBOTO TOKPHUTTS € HOTO aMOp(HO-KpUCTaJidHA CTPYKTypa i OIHM3BKICTH
XIMIYHOTO CKJIaJy O OCHOBHOTO MaTepiairy iHCTpyMEHTY.

@opMyTI0BaHHA 1ijeii cTaTTi

Metoi0 po6oTH €: OOIPyHTYBaHHS TEOPETHYHHMX OCHOB TOPIEBOro (pe3epyBaHHs cTajieil BHUCOKOL
TBEPAOCTI 3 BHUKOPHCTaHHSIM IHCTPYMEHTIB 3 MOJIKPHCTAIIYHOrO KyOiuyHOro Hitpuay Oopy. JocuimkeHHs
CHpsIMOBaHE Ha aHaji3 MEXaHI3MiB B3a€MOJIi PiXKy4oro iHCTpyYMEHTY 3 MaTepiajloM 3aroTOBKH, BUBYCHHS BILIMBY
PI3HHMX TEXHOJIOTIYHUX MapaMeTpiB Ha MPOLEC Pi3aHHs, a TAKOX BU3HAUCHHS ONTHMAIBHUX YMOB IS 3a0€31eYeHHS
BHCOKOT SIKOCTI 00pOOKH Ta 3HMKEHHSI 3HOLITYBaHHS IHCTPYMEHTIB.

BukJjiax ocHOBHOro MaTepiaiy

[upoke 3acTocyBaHHs CTajiell BHCOKOi TBEpAOCTI IEpII 3a BCe Y BHPOOHHUITBI Ipec-(popM i IITaMIiB.
O0po0Oka neraseil BinOyBaeTbes iHCTpyMeHTaMH 3 pisHEM BMicToM [TIKHDB 6e3 mOKpHUTTIB Ta 3 TOKPUTTAMH, PI3HUX
GopM Ta 3 pi3HOIO TeOMETPier0 pikydoi KpoMkH. [IpoBeneHi mocimimkeHHs [7] moKasaau BIUIMB Pi3HOI MIBHAKOCTI
pizaHHS 1 pagiansHOI TTUOWHY pi3aHHS Ha MOPCTKICTH OBEPXHI 3araproBanoi craii TBepaicTio 60 HRC.

BB panianbHOI TITMOWHY pi3aHHS Ha peibed 00pobdiIeHol moBepxHi 300pakeHo Ha Puc. 1.

V=100 m/min, dr=3 mm V =100 m/min, dr=4 mm V=100 m/min, dr=5 mm

Puc.1. Bnius pagiansHoi rimduHn pisaHHs Ha peabed 00pod1I0BaHOl MOBepXHi
Ha pucyHKy BHIHO, III0 TOBEPXHS CTA€ OLIBII MIOPCTKIMIOI NP 301IbIICHH] pafialbHOT ITTMOMHN pi3aHHA
yepe3 30UIbIIeHHS NEPEKPUTTS Mil TPAEKTOPiAMH pizaHHs. OTpUMaHI TOKa3HUKH IOPCTKOCTI IIOBEPXHI OKa3aHO Ha
Puc.2.iPuc.3.
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Puc.2. Bnuins napamerpiB pi3aHHS HAa INOPCTKiCTh NOBEPXHi B HaNpsAMKYy noaayi (a) IBuakicTs pisanus Bnius (dr =4 mm) (b) Bnuins
paaiajabHoi riMOuHN pizanns (v =100 m/xB)
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Puc.3. BnuiuB napaMertpiB pi3aHHs Ha HIOPCTKICTh MOBEPXHi B HANPSMKY IIBHAKOCTI pi3anust

Buano, mo 3i 30inblIeHHAM pafianbHOi ITMMOMHM pi3aHHS IIOPCTKICTH IMOBEPXHi 3pocTae. PamianbHa
rIMOWHA pi3aHHs 5 MM Mae HallBUIIy MOPCTKICTh MOoBepXHi B AiamazoHi 0,17-0,38 MkM, 3a sIKOIO CIIYIOTh padianbHi
ribunu pizanas 4 mm (010-0,27 mxm) i 3 mm (0,10-0,22 MKM) BiANOBiTHO.

BucHOBKHY 3 1aHOTO0 AOCTiTKEHHSI
i mepcneKTHBY NMOJAJIBIINX PO3BIIOK Y JaHOMY HanpsiMmi

TeopeTnuHuii aHani3 Ta eKCIIEPUMEHTAIbHI PE3YJIbTaTH MOKA3alH, 10 IHCTPYMEHTH 3 MOJIKPHUCTAIIYHOTO
KyOigHOTO HITpUAY 0OpYy € BHCOKOS(PEKTHBHUMH IJISI TOPLIEBOTO (pe3epyBaHHS cTalieli BUCOKOI TBepaocTi. BoHn
3a0e3MeuyIoTh BHCOKY SIKICTh OOpOONIOBaHOI TOBEpXHI Ta MAalOTh MiABHIIEHY 3HOCOCTIHKICTh. OmrmMmizaris
mapaMeTpiB pi3aHHs, TaKUX SK MBHUIKICTh Pi3aHHsA, T0Jada i TIMOMHA pi3aHHA, 3HAYHO BIUIMBAE HA KiHIEBY SIKICThH
MOBEPXHI Ta 3HOIIYBAaHHS IHCTPYMEHTIB. 3HIDKEHHS IIBUIKOCTI pi3aHHS 1 30UIBIICHHAS TOAAYi JO3BOJISIE 3MCHIIUTH
3HOIIYBAHHSA 1HCTPYMCHTIB Ta IOKPALINTH SKICTb OOpOOIIOBaHOI MOBEpPXHI. 3HAUCHHS IIOPCTKOCTI IMOBEPXHI B
HaNpsIMKy MIBHIKOCTI TMOAAYi HE Ma€ YiTKOI 3aJeKHOCTI BiJl IIBHUAKOCTI pi3aHHA, B TOW Yac K 31 301IpIICHHAM
panianbHOI TIIMOMHU pi3aHHS BoHa 3poctae B Mexax 0,13-0,24 pkm. Y HanpsMKy DIBHIKOCTI pi3aHHs 3HaYCHHS
HIOPCTKOCTI MOBEPXHI 3MEHIIYETHCS B [lialla30H1 BUCOKHX IIBUIKOCTEH, B TOH Yac K BOHO 301IbIITY€ETHCS PU BEIHKIH
pajianbHii rIMOWHI pi3aHHS.
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