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AHaJii3 TeMIepaTyp y 30Hi pi3aHHs Ta CWJI Pi3aHHA NPH Jie30Biil 00po0ui YaByHYy
3 BEpMUKYJISIPHUM rpaditom

Y cmammi npoananizosano enue mopghonocii epagimosux 6xuOuUeHb Ma QI3UKO-MEXAHIUHUX
enacmugocmeti 4asynie Ha MeMNepamypHO-CUNOULl CMAH Yy 30HI pI3auHA Npu 1e306ill 06podyi.
Posenanymo ocobrueocmi 0bpodxu cipux uaeynie (CH), uasynie 3 sepmuxynapuum epagimom (4BI) i
BUCOKOMIYHUX uaBYHi8 3 Kynacmum zpagimom (BUK), wo wupoko 3acmocogyiomvcs 8 enemenmax
Mawiun, aKi npayioms 8 yMoeax GUCOKUX MePMOMeXanHiunux nasanmagicets. IIposedeno nopisHantbHul
aHaniz memnepamyp pizanus ma cknaoogux cun 011 CY, YBI' i BUK na ocHO8I ekchepuMeHmanbHux ma
MOO0€enbOBAHUX OAHUX, HABEOCHUX ) HAYKOBUX 00CNiOdHceHHsAX. Bcmanosneno, wo YBI xapaxmepusyemuvcs
nIOBUWEHOI0 MBEPOICMIO MA 3HUICEHOI MENJIONPOSIOHICIIO, WO YCKIAOHIOE MENI08I08e0eHH S, CHPUSE
JIOKATIbHOMY NEepecPi8aHHIO 30HU PI3aHHs MA IHMeHCUDIKYe 3Houyeanns incmpymenma. [loxasano, wo 3i
3POCMAHHAM WBUOKOCMI Pi3aHHs, Nodaui ma 2iubuHu 00poOKU Cnocmepieacmvcs NiOGUWECHHS
memnepamypu ma Cui pizamus, 0cooauso 8 ymosax cyxoi 06pobxu. FEM-modenioganns niomeepouno
epexmusHicmb mako2o nioxooy 0/ NPOSHO3YEAHHS HANPYHCEHO-0ehOPMOBAHO20 CMAHY, 0OHAK BUMA2AE
BDAXYBAHHSL 3HOULYBANHS PIJICYHOL KPOMKU MA PEATIbHUX YMO8 MENL000MiHy 051 NIOSUUEHHS MOYHOCTII.

Oxpemy ygazy npuodineHo oyiHyi epeKMUBHOCMI CYYaACHUX 0XON00NACYBANbHUX MeXHONI02Il. 30Kpema,
sacmocysanns cucmemu ScCO-MQL 0036015 cymmeso 3HUBUMU MEMNepamypy 6 30Hi pi3anis,
cmabinizyeamu npoyec ma 30inbWUmMu CMIUKICMb IHCMPYMeHmMa Apu BUCOKOWBUOKICHOMY (Dpe3epy8anHi
YBrI.

Kniouoei cnosa: uasyn 3 GepMUKyIApHUM 2pagiimom; memnepamypa pi3anHsa, CUIU DI3aHHS,
mennonposionicms; FEM-mooenrosanns; kyoiunuii Himpuo 6opy; minepanokepamixa .

ocranoBka npodsemu. LlInpoke 3acTOCYBaHHS YaBYHIB Y MallMHOOYTyBaHHI 3yMOBIICHE 1X CHPHATINBHMH
(bi3MKO-MEXaHIYHIMH ~ BJIACTHBOCTSIMH, 30KpEeMa BHCOKOI JIMBAPHICTIO, XOPOLIMMH EKCILTyaTalliiHUMHU
XapaKTePHCTUKAMH Ta BiJHOCHO HHW3BKOKO BApTICTIO MOPIBHSHO 3 JICTOBAHMMH CTASAMH aHAIOTIYHOTO KIIACY
minHocTi [1-3]. 3anexHo Bix Gopmu rpadiTOBUX BKIFOYCHb YaBYHH MOJUISIIOTECS Ha cipi (CU), BepMUKYIspHI
(UBI') Ta BucokoMilHi 3 kymsictuM rpaditom (BUK) (puc. 1), kokeH 3 SIKHX XapaKTePU3YEThCs CHelr(idHUMU
MEXaHIYHIMH Ta 0OpoOroBambHUME BiacTHBOCTSMH (Tabm. 1). UBIT Ta BUK 3aBmskum moemHaHHIO BHCOKOL
MII[HOCTI, TEPMOCTIHKOCTI, Ta 3JaTHOCTI MPOTUCTOSITHA HUKITIYHUM MEXaHIYHMM 1 TEPMIYHMM HABAHTAKCHHIM
3a3BUYail BUKOPHCTOBYIOTHCSI y BIINOBINAJBHUX €IEMEHTaX JBUTYHIB BHYTDILIHBOTO 3TOPSIHHS, BHITYCKHHX
KOJIGKTOpax 1 rajbpMIBHHX CHCTEMax, Ji¢ [IIIOTh Mi/IBUIIEHI TeMIiepaTrypu, OaraTokpaTHe HaBaHTAXKEHHS Ta
IHTEHCHBHE JIOKaJIbHE 3HOIITYBaHHs [4, 5]. UHCICHHI JOCITI IUKEHHS i ATBEPHKYIOTh, 1110 MOpdoJIoris rpadiTy mpsamo
BIUIMBAaE HA IHTEHCHBHICTh TEIUIOBUJIICHHS, THII YTBOPEHOI CTPY)KKH Ta pIBEHb CHJ Di3aHHS, TUM CaMUM
BH3HAYAIOUN OOPOOIIIOBAHICTE KOHKPETHOTO THIy 4aByHy [6-15]. Bzaemosp’s30k mix ¢opmoro rpaditoBux
BKJIOYECHb | TUIOM METaleBOi MaTpHlli BH3HAYAE HE JIMIIC MAaKPOMEXaHIYHI XapaKTepUCTHKH YaByHY, ale
crenudiKy HOro MOBEMIHKH ITiJ HABAHTAXXCHHAM y 30HI pi3aHHA. Taka CTPYKTypa BIUIMBAaE Ha TEIUTOBHI OanaHc,
TCHEepAIlif0 HapyXeHb 1 POpMyBaHHS MIKPOTPILIHH, II0 Oe3M0CepeTHRO MOB’SI3aHO 3 AKICTIO 00po0IICHOT TOBEPXHi
Ta PeCypcoM IHCTPyMEHTA.

Puc. 1. Mopghonozia epagimosux éxiouens y pisHux munax 4agyHie:
a) naacmuHuyacmuil 2pagim y cipomy uagyni, 0) 6epMUKYIAPHULL 2pApim Y YasyHi 3 6EPMUKYIAPHOIO
2paghimogoio cmpyKmypoio, 8) KyIsacmuil 2papim y GUCOKOMIYHOMY YAGYHI 3 KVISCIMUM 2pagdimom
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Tabauys 1
Dizuxo-mexaniuni xapakmepucmuxu yagynig [15]

Baacrusictb CcY YBI' BUK
Tumuacosuit omip po3puBy, MIla 250 450 750
Monyns npyxsOcTi, ['Tla 105 150 160
BinHocHe momoBxeHHs, % 0 15 5
BinHocHa nemndyBanbHa 31aTHICT 1 0,35 0,22
TBepaicTb 179-202 217-241 217-255
TenmonposigaicTs, B1/(M°K) 48 38 32

TenuioBi acnekTH mpouecy pizaHHs

Bucoki Temmeparypu B 30HI pizaHHS mpu o0pobmi UBIT minTBepmkeHO ekcrepuMeHTadbHO (Souza,
Tooptong). Ilpu TodiHHI MiHEpaJIOKepaMidHUM IHCTPYMEHTOM Temmeparypa csrama 742-920 °C, mo cyTTeBO
TIEPEBUIIY€E IMOKA3HUKH JJIS CIpOTO YaBYHY (pHC. 2), i CYIPOBOIKYBAJIOCS 3pOCTaHHAM 3HOCY 3aIHBOT OBEPXHi
IHCTpyMEHTA.

OOMexeHa TeIUIONPOBIIHICTh IMEPEHIKO/KAE e(QEeKTUBHOMY BIZIBEICHHIO TeIJla, CIPHUSIOYH  HOTo
aKyMYJIFOBaHHIO Y 30Hi pi3aHHs Ta MPHCKOPIOIOYN PYHHYBaHHS IHCTPYMEHTAIBHOIO Marepiany. 3a nanumiu [11,
12], no 80 % TeroTH BUBOJOUTHCS uYepe3 CTPYXKKY 3aBISIKHM 1I BHCOKIH nedopmalii Ta TepTio. 3acTOCYBaHHS
koMOiHoBaHOTO oxonomkeHHs ScCO2-MQL 3a6e3neuye 3umxkenHs Temmneparypu Ha 30—40 % mopiBHIHO 3 CYXO0I0
00pOOKOIO, 1110 3HAYHO MMiBHUIILYE TEPMOCTAOLIBHICTh MPOIIECY.

Temmepartypa B 30Hi pi3aHHS 3aJI€XKHUTH Bix cwi pizaHas. Kinpkicts Temna (Bt) Bix medopmarii matepiary,
SIKE MOCTYIIA€E B 3aTOTOBKY Ta IHCTPYMEHT, MOYKHA BU3HAYUTH IIPH BUKOPHCTAHHI 3aJIeKHOCTI [16]:

v
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Puc. 2. Po3noodin memnepamypu 6 30ui pizanni npu oopooyi YBI™ (0,1 mm/06 npu 400 m/xs)

Temneparypa Ta CHJIM pi3aHHS 3pOCTAIOTh 31 30UIbIIEHHAM MBUAKOCTI pizanust (Vc), noxadi (Sz) Ta riaubuHu
pizanHs (1), HE3aJIEeKHO BiJl THITy YaBYHY YHM OXOJIOJKYBAIBHOTO cepenopuiia. [le 0OyMOBIEHO MOCHIECHHIM
racTHyHOi aedopMariii Ta 30LIBIIEHHAM IIBUAKOCTI TEPTA MK CTPYXKOIO Ta iHCTpyMeHTOM [26]. Cepexn
JIOCTIKYBAaHMX MaTepiaiiB HAMBHIITY TeMIepaTypy pizanHs 3adikcoBano must BUK, mo nos’s13aHo 3 0ro BHIIO0
TBEPIICTIO, IIUTBHICTIO i HU3HKOIO TEIIONPOBiaHicTIO (prc. 3—4).
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Puc. 3. 3uina memnepamypu ons C4, YBI" ma BUK 3anesicno 6i0: (a) weuoxocmi pizanns, (b) nooaui,
(€) enubunu pizanns ap 6 ymosax cyxoi 06podxu, oxonooxcents ScCOz ma KOMOIHOBAHO2O OXONOONCEHHS
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Puc. 4. 3mina cun pizanns ons C4, YBI" ma BUK szanexcno 6i0: (a) weuoxocmi pizanns, (b) nooaui, (c) anubunu
pizanns ap 6 ymosax cyxoi 06pooku, oxonodzxicenns ScCOz ma kombinosano2o oxonodcents ScCO—MQL

VYceknannene (opMyBaHHS CTPY)KKU Ta IHTEHCUBHE 3HOLIYBaHHS IHCTpyMEHTa mij yac o6pooku UBI' i BUK
MPU3BOAATH JIO 3pOCTaHHS CWJ pizaHHs mopiBHsHO 3 CU. Hampukman, mpu TouinHi 6e3 MOP mpu pexumax
vc = 300 m/xB, f = 0,3 MM/00, ap = 1,5 MM, pesynbryroua cuna pizanss juist UBIT 1 BUK nepesumrysana 930 H.
Hnst CY Bona cranopuna mennre 800 H [13]. Ilix wac cBepaninnas UBI cunu pisanns Oyiu Ha 21 % Oinbii, Hix
st CY [14].

VY poboti [7] Oyno 3mificHEHe MOJEIIOBaHHS CHIJI Pi3aHHSA METOAOM CKiHueHHHX eneMeHTiB (FEM), ske
MiATBEPANIIO YiTKY 3aJIeKHICTh CHII Pi3aHHS BiJl OCHOBHHUX PEKMMIB — IIBUJKOCTI, MOAAYi, TTTHOMHU. SIK BUIHO 3
PHUCYHKY 5, 3MOJIeNTbOBaHI Ta EKCIIEPUMEHTANbHI 3HAUEHHS JeMOHCTPYIOTh moaiOHI TpeHan. Oxnak FEM-mozeni,
SIK TIPaBUIIO, HEJIOOLIHIOIOTh CHIIM uYepe3 ifieai3oBaHy reOMeTpilo IHCTpyMeHTa 0e3 BpaxyBaHHsI TOYaTKOBOTO
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3aTYIUICHHA pi3aano'1' KPOMKH. 3HOC BHUHHKAE Maiixke MUTTEBO, MO 3YMOBJIOE€ IIOCTYIIOBE 301/IbIIEHHS
HaBaHTa>XCHHA.
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Puc. 5. Excnepumenmanbho 6UMIpsani ma 3M00eib06aHi CUlU Pi3anis 3a pizHux weuoxkocmeil i nooay [7]

BucHoBKH. Y pe3ynbTaTi aHATITHYHOTO OISy BCTaHOBIJIEHO, IO TEMIEpaTypa B 30HI Pi3aHHS Ta piBEHb
CHJIOBOTO HaBAaHTAXXCHHS € KPUTHYHAMH (DAKTOpPaMH, 110 BU3HAYAIOTh €()eKTUBHICTE 0OPOOKH 4aBYHIB, 30KpeMa
3  BEPMHUKYJSPHOIO TpadiToBOK CTPYKTypor. bBimpmmicTe AOCHiIKeHb MiATBEpKYIOTh, 1o UBI
XapaKTepU3Y€ETHCSI MEHIIOK TEIUIOTPOBIMHICTIO Ta OIUNBIIO TBEPHICTIO MOPIBHIHO 3 CIpUM YaBYHOM, IO
CIPUYMHSE JOKaJbHE HAKONWYEHHA TEIUIA, MOTIPIICHHS YMOB TEMJIOOOMIHY Ta NPHCKOPEHE 3HONIYBAaHHSA
iHCTpyMeHTa. BcTaHoBIIGHO, 110 MIBUILEHHS MIBUAKOCTI pi3aHHs, NOAayl Ta MIMOWHU 00pOOKH MPHU3BOAUTH JI0
3pOCTaHHsI TEMIIEPaTypH Ta CHJI pi3aHHs, 0COOIMBO B yMOBax cyxoro ¢pesepyBanHs. [Ipu 11bOMy BETMYHHU CHII
pu 00po611i UBT 3Ha4HO MEepeBHIYIOTh BiANOBIAHI 3HaueHHsI 1715t CY, 1110 3yMOBJICHO CTPYKTYPHOO KOPCTKICTIO
Ta CKJAIHICTIO CTPY)XKO YTBOPEHHS. AHaii3 JDKEpen TakoX CBIUUTh NpO e(EeKTHBHICTh 3aCTOCYBaHHS
YHCENIbHOTO MOJIEJIFOBAHHS ISl IIPOTHO3YBAHHS TEMIIEPATYPHOTO Ta CHIJIOBOTO CTaHy, X04a MOJIeJl MOTpeOyroTh
YIIOCKOHAJIEHHS 3 ypaxyBaHHSAM 3HOCY IHCTPYMEHTY i peanbHHX yMOB TepTs. [lepcrieKTMBHMM HampsMoMm
BUSIBJICHO BUKOPHCTaHHS IHHOBAIIHHIX OXOJIOKYBAITBHUX TEXHOIOTIH, 30kpeMa ScCO—MQL, ski J03BOJISIOTH
ICTOTHO 3HU3UTH TEMIIEPaTypy B 30Hi pi3aHHA Ta cTabiIi3yBaTH Mporec 0OpoOKH.
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Haykogi inTepecu:

—  TIJBWINCHHS NpAare3laTHOCTI pi3ajJbHOTO IHCTPYMEHTY M TEXHOJIOTIYHOTO 3a0e3ledeHHs SKOCTI Ta

SKCIUTyaTAlllHHUX XapaKTEePUCTHK AeTajeil MallnH i puiais;

—  KOHCTPYIOBaHHS Ta GOpMyBaHHS Tomorpadii 3HOCOCTIHKHUX TOKPUTTIB.

Antonyuk V.S.

Analysis of temperatures in the cutting zone and cutting forces during blade processing of cast iron with vermicular
graphite

The article analyzes the influence of the morphology of graphite inclusions and the physical and mechanical properties of
cast irons on the temperature and force conditions in the cutting zone during blade processing. The features of machining gray
cast iron (Gl), cast iron with vermicular graphite (CVG), and high-strength cast iron with spheroidal graphite (HSG), which
are widely used in machine elements operating under high thermomechanical loads, are considered. A comparative analysis of
cutting temperatures and force components for GC, VCG, and HCG is performed based on experimental and modeled data
presented in scientific studies.

It has been established that SG is characterized by increased hardness and reduced thermal conductivity, which complicates
heat dissipation, contributes to local overheating of the cutting zone, and intensifies tool wear. It has been shown that with an
increase in cutting speed, feed rate, and machining depth, there is an increase in temperature and cutting forces, especially
under dry machining conditions. FEM modeling confirmed the effectiveness of this approach for predicting the stress-strain
state, but requires consideration of cutting edge wear and real heat transfer conditions to improve accuracy.

Particular attention is paid to evaluating the effectiveness of modern cooling technologies. In particular, the use of the
ScCO--MQL system allows to significantly reduce the temperature in the cutting zone, stabilize the process, and increase tool
stability during high-speed milling of cast iron with vermicular graphite.

Keywords: vermicular graphite cast iron; cutting temperature; cutting forces; thermal conductivity; FEM modeling; cubic
boron nitride; mineral ceramics.

Crarra Hagiinua no pexakuii 14.04.2025.

23



