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I Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets
it apart from other research databases. The inclusion of News of NAS RK. Series of
geology and technical sciences in the Emerging Sources Citation Index demonstrates our
dedication to providing the most relevant and influential content of geology and engineering
sciences to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD Cepusiculy bLibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0aH api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevtnaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2blAbIMOAp CEpUsiCol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoHe
6edendi eeonocus HcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 8 3mom UHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npuHAmMU
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednazaem xawecmeo u 2nyoOumHy
Kowmenma Ons uccieoogamenell, aemopos, uzoameneti u yuypedcoenuil. Brnouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboniee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haue2o coodujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
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SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
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K.T. Sherov!", M.R. Sikhimbayev?, B.N. Absadykov?, T.K. Balgabekov!,
A.D. Zhakaba'

IS. Seifullin Kazakh Agro Technical University, Nur-Sultan, Kazakhstan;
?Karaganda Economic University of Kazpotrebsoyuz, Karaganda, Kazakhstan;
3A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan.
E-mail: shkt1965@mail.ru

STUDY OF TEMPERATURE DISTRIBUTION DURING ROTARY
TURNING OF WEAR-RESISTANT CAST IRON

Abstract. This work presents a mathematical modeling process of the rotary
turning by a numerical method, which allows to research the dynamics of the
temperature distribution in the workpiece and cutting tool during processing.
Proposed methodology also allows to define the optimal cutting mode during
the rotary turning for processing of the durable wear resistant cast iron
ICH300X18G3. For performance of the study, from among the many existing
models of fracture during the cutting, the criterion, which was first proposed by
prof. V.L. Kolmogorov.

In order to increase the productivity of calculations, a mathematical model
was proposed where only three objects were used: a cylinder-shaped workpiece
and a cutting tool and tool shaft. The work considered the coefficient of friction
between the cutting insert and the workpiece, taken equal to 0.29 and in addition,
the dynamic coefficient of 0.39. To define the temperature in the objects, objects
were separately selected. As a result, the temperature values were taken for
different objects. Despite the fact that the occurring phenomena are non-linear, the
results showed that by increasing the cutting conditions, it is possible to increase
the distribution of temperature and on the contrary, the process is controlled. The
results of the research have shown the management possibility of the thermal
processes during the process by enumerating technological parameters.

Key words. Rotary turning, cutting tool, temperature, cutting zone,
mathematical modeling, fracture deformation.
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K.T. lllepos', M.P. Cuxumbaes?, b.H. A6canpikos’, T.K. baira6exos’,
A 1. ’Kakaoa'

'C. Ceiiymun atbinaarsl Kazak arpoTeXHUKaIBIK YHUBEPCUTETI,
Hyp-Cynran, Kazakcran;
*KastyTbinyonarsl KaparaHibl 5KOHOMUKAJIBIK YHUBEPCUTETI,
Kaparangel, Kazakcran;
*0.b. BekTypoB aTbIHaFbl XUMHS FHUTBIMIAPBI HHCTUTYTHI,
Anmarel, Kazakcras.
E-mail: shkt1965@mail.ru

TO3YFA TO3IM/I HIOWBIHABI POTAIMSJIBIK YKOHY KE3IH/E
TEMIIEPATYPAHBIH TAPAJIYBIH 3EPTTEY

AnHoranusi. Kazipri 3amManfbl MallldHa jKacaylblH ©3€KTI MOCceJeIepiHiH
0ipi MeTanapbpl KECyMEH OHJIey YILIH 03bIK TeXHOJOTHsIIap MEH MPOTrPeCCUBTI
KYpaJaapJbslH KYPbUIBIMIApbIH kacay Oomnbin Tadbuianel. JKIIC «Maker» -
Kaparanapl Kyt0-MeXaHUKAIBIK 3aybIThI KaFJabIHIA KYPri3iireH 3epTreyliep,
€H KublH eHaeneTiH To3yra Teo3iMai MY300X18I'3 molibiHHAH >KacairaH
TOMNBIPAKTHI cCOpFbl 8]'P OesniekTepi eKeHIH KOPCETTI.

Tozyra Ttezimai MY300X18I'3 1mIoHBIHABI pPOTALMSIIBIK >KOHY OIiCIMEH
eHjey ymin P6MS Gomarran xone STOODY M7-G GankpiMa MaTepuaibIMeH
OaNKBITBINT KanTaldfraH TabakKila KeCKIMTEPIMEH KaOABIKTAFaH POTAIUSIIBIK
KYpaJaapAblH KOHCTPYKIMUIaphl >kacamael. Tosyra Te3immi MY300X18I'3
UIOWBIHABI  POTAIMSUIBIK  KOHY odkcrnepuMeHTTiK 3eprreyi JET  GH-
1640ZX Ttokapmnblk OypaHIa KecKill OUIAETiHIE XKYPri3iiai. OpTypii Kecy
alimMakTapblHIa HKCIEPUMEHTAJAbl TyplAe TeMIleparypa HOTHXKENEepiH aiy
OenNTiTl KUBIHABIKTApFa OKET COFAJIbl, SIFHU KYpaJl-CaiMaHHBIH JKOHE OHJICICTIH
MaTepuaIblH OPEKETTECETIH aiiMaFrbIHBIH LIAFbIH OJIIIEMIEP], YPIAICTIH XKOFaphl
KBUITAMIBIKTA OTY1, COH/Iai-aK TYHICTIeNl aliMaKTapIblH YIalbl aybICYHI.

Ocpiran OaitnmanbicTsl, Ansys WB 0armapiaMachiH KOJJaHa OTBIPBIIN, OCHI
MOCEJICHI POTAIUSIIBIK KOHY YPAICIH CaHIBIK MOICII/IEY IICIIIe alajbl. 3epTTey/Il
OpBIHAAY YILIIH Kecy Ke3iHJe KHpayAblH KeNTereH YJTUIEpiHIH imiHeH mpod.
B.JI. KonmMoropoB ycblHFaH KpUTEpHH KOJMaHBULABL. EcenTtey eHIMIUIITIH
apTTRIPY MaKCATBIHIa MAaTEeMaTHKAJIBIK MOJIEITb YCBIHBUIIBI, OHA TEK YIII OOBEKT
KOJJIaHBUTFaH: UWIHHIP (pOpMachIHAAFbl AalbIHAAMa MEH KECKIIl KYpas kKoHe
acman Ouriri. JKymbIcTa KeCKilll TUIACTMHA MEH JalbIHIaMaHBIH apachbIHIaFbl
yiikenic koapdunmentinig maHi 0,29 TeH nen KaObulaHFaH jxoHe OynaH 6acka
TuHaMUKaIBIK KodhdumuenTi 0,39 ecenke aabIHIIbL.

3eprTey HOTWXKENepl TEXHONOTUSIIBIK TapaMeTpiepli TaHaady apKbUIbl
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OHJIEY Ke31H/E XKbUTy YpIIiCTEepiH OacKapy MYMKIHIITIH KopceTTi. ¥ ChIHBUIFaH
OHJIEYy TOCUNl YIIIH «Kypajl-JalblHAama» TYHICyiHAEri TeMmIieparypa
OHJICJICTIH MaTepUasIbIH PEKPUCTATN3AIUs TeMIepaTypachlHa >KaKbIH OOy
KepeK. OHJIeleTiH MaTepuai YIIH 0alKy TeMmIepaTypachl T6MK=1200°C, an
pEKpHUCTau3alus TEMIIEPATYPAChI - TpeK ~480°C kypaitpl.

Tyiiin ce3aep. PoTanusiibik sx0HY, TabaKIIabl KECKIII, TeMIeparypa, Kecy
aliMaFrbl, MaTeMaTHKAJIBIK MOJICITh, KUpay Je(OpMaIlHsCHL.
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NCCIIEAOBAHUE PACIIPEJAEJIEHUSA TEMIIEPATYPBI ITPU
POTAIIMOHHOM TOYEHHWHA U3HOCOCTOUKOI'O UYYTYHA

AHHoTanusi. OIHUM M3 akTyaJbHBIX BOIPOCOB COBPEMEHHOIO MAaIlMHO-
CTPOEHUS SBJSETCS CO3JaHUE MPOTPECCUBHBIX KOHCTPYKIMI MHCTPYMEHTOB U
MepeIOBBIX TEXHOJOTUM 11 00paboTKKU MeTauioB pe3aHueM. lIpoBeneHHble
uccnenoBanus B ycnoBusix TOO «Maker» — Kaparanauackuii tuteiiHO-mMexa-
HUYECKUN 3aBOJ — IMOKa3ajH, YTO CaMbIM TPYIHOOOpaOaThIBAEMbIM SBIISIOTCA
JeTany TpyHToBoro Hacoca 8I'P, M3roToBIEHHBIE U3 M3HOCOCTOMKOIO YyryHa
NY300X18I3.

st 06padotku m3Hococroikoro uyryna MY300X181'3 Obl1u U3rOTOBIEHBI
KOHCTPYKIIMM POTAlMOHHBIX HHCTPYMEHTOB, OCHAIIEHHbIE Yall€YHbIMU
pe3uamu u3 ctaiau P6MS u ¢ HarutaBko# u3 HarmaBoyHoro marepuaia STOODY
M7-G. DKcrepruMeHTAlIbHbIE HCCIEAOBAHHS POTAIMOHHOTO TOYEHHUS ObUH
BBINIOJIHEHBI Ha TOKapHO-BUHTOpe3HOM cTaHke JET GH-1640ZX. IlonyueHue
TEMIEPATYPHBIX PE3YIHTATOB 3KCIIEPUMEHTAILHO B PA3IMYHBIX 30HAX pE3aHU
BBI3bIBACT OINPEACICHHBIE CIOKHOCTH, BBI3BAHHBIE MajbIMU pa3MepaMu 30H
B3aMMOJCHMCTBUS PEXYIIEro HHCTpYMEHTa M o0pabaTeiBaeMOro Marepuala,
OOJIBIIION CKOPOCTH TMPOTEKAHUsI MpOLEecca, a TaKkKe IOCTOSHHONH CMEHBI
KOHTAKTHBIX 30H. B CBs3M ¢ 3THUM, YHCIEHHOE MOJAETUPOBAHUE IMpoliecca
POTALIMOHHOTO TOYEHHUS MOXKET PEHIMTh JAHHYI0 NpoOiIeMy MOCPEICTBOM
IIpUMEHEHHUs porpaMMbl Ansys WB.
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JUig BBINOJIHEHMSI HCCIENOBaHMS M3 UYUCIA MHOXKECTBA CYLIECTBYIOLIUX
MO pa3pyLICHHs PU PE3AHUHU UCTI0JIb30BAJICA KPUTEPHIA, KOTOPBIN BIIEPBbHIE
npemioxmt npod. B.JI. Kommoropos. [lns yBenuueHUs: MpOU3BOAUTEILHOCTH
BbIUMCJICHUIM ObUla TMpeajoKeHa MareMaTuyeckas MojeNb, TAe Obuin
HCIIOJIb30BaHbl TOJIBKO TPU O0BEKTA: 3aroTOBKa B (hopMe LUIUHAPA, PEXKYIIUM
WHCTPYMEHT M BajJl HHCTpyMeHTa. B paGore yuutsiBasics ko3(hHUIUEHT TpeHUs
MEXIY PEXKylEl MIACTUHON M 3aroTOBKOM, MpUHATOM paBHOU 0,29 u, kpome
3TOT0, KO3 Puent aunamuanoctu 0,39.

Pesynprarel  uccienoBaHMA — TOKa3ald — BO3MOXKHOCTb  YIIPaBIICHUS
TEIUIOBBIMHU TIpolieccamu Npu o0pabotke. i1 3Toro He06xoIMMO obecreueHne
TEeMIIepaTypbl B KOHTAKTE «MHCTPYMEHT-3aroTOBKay», OJIM3KYI0 K TeMIeparype
pexpuctau3anuu. [i1s o6pabdarsiBaeMoro Marepuaia TeMIeparypa riaBieHHs
cocrapnser T, =1200 °C, a TeMneparypa peKpUCTAILIM3ALNH - T ~480°C.

KiroueBble ci10Ba: poTalliOHHOE TOYEHHE, YAILICUHBIN pe3el, TeMreparypa,
30Ha pe3aHusi, MaTeMaTnieckas MoJielb, 1eopManus pa3pyuieHHUs.

Introduction. One of the relevant issues of modern engineering is the creation
of progressive tool designs and advanced technologies for metal cutting. The
dominant role of mechanical processes in the technological cycle of most critical
parts is due mainly to versatility, efficiency and high accuracy. At the same time,
traditional mechanical processing methods that are widely used do not always
satisfy the increasing demands on productivity and quality.

And also, their usage to obtain products from new materials becomes
inefficient and low productive with a high consumption of expensive cutting
tools. Studies conducted under the conditions of Maker LLP - Karaganda
Foundry and Mechanical Plant showed that the most difficult parts of processing
of the 8GR soil pump are made of wear-resistant cast iron ICH300X18G3. To
process wear-resistant cast iron [ICH300X18G3 by the method of rotary turning,
constructions of rotary tools equipped with cup cutters were made from P6M5
steel and with surfacing from surfacing material STOODY M7-G.

Experimental studies of rotational turning of wear-resistant cast iron
ICH300KH18G3 were carried out on a JET GH-1640ZX lathe. Figure 1 shows
the designs of rotary tools equipped with cup cutters made of P6MS5 steel and
with surfacing from surfacing material STOODY M7-G.

It is known (Konovalov E.Y. et.al, 1972; Borisenko A.V. 1983), that a large
reserve of increasing the productivity of the process, improving the quality of the
machined surfaces is incorporated in the methods of rotational cutting, in which
cup cutting tools are used as cutting elements, rotating around their axes during
the cutting process.

A fundamental feature of rotational cutting lies in a sharp decrease in the
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sliding speeds of the working surfaces of the tool relative to the material being
processed without reducing the relative speed of the tool and part by replacing
the sliding friction in the contact zones with rolling friction(Konovalov E.G.
et.al, 1969).

a)
a —rotary tool and cup cutter made of steel POMS5; b - rotary tool and cup
cutter with surfacing from surfacing material STOODY M7-G

Figure 1 - Designs of rotary tools equipped with cup cutters made of P6MS5
steel and with surfacing from surfacing material STOODY M7-G.

However, the poorly studied technology of rotational processing inhibits its
widespread usage in production. In this regard, the study of the cutting process
and in particular the temperature distribution in the contact zone of the «tool-
workpiece» during rotary turning is an urgent task.

Materials and basic methods. In the mechanics of destruction, the destruction
ofasolid body is understood as a macroscopic violation of the integrity of the body
as a result of external loads acting on It (Childs T.H. et.al, 1989) In isothermal
conditions, the destruction of materials can be conditionally divided ductile
fracture and brittle fracture(Shih A.J. et.al, 1991). Destruction under adiabatic
conditions of deformation occurs due to localized adiabatic shear (Bobrov V.F.
et.al, 1966). Viscous fracture, as a rule, is associated with large deformations,
very high energy dissipation rates and low fracture rates and is intracrystalline
fracture. Low fracture — as a rule is a microcrystalline fracture. It is a gap with
low energy, which under loading conditions, causes instability of the process,
occurs catastrophically. In this case, the rates of low fracture, as a rule, are high
(Kato S. et.al, 1972). Thus, brittleness and toughness are not the structure of a
material, but varieties of its state (Shirakashi T. et.al, 1973). Materials during
cutting can be forced to break by viscous, brittle, and localized shear depending
on temperature T, hydrostatic pressure p (negative during tension), strain rate,
and other conditions in the shear zone (Otieno A. 2005). Therefore, significant
hydrostatic pressures and temperatures that occur during cutting, require special
approaches to the implementation of fracture models (Otieno A. 2005). From
a detailed review of W. Grzesik (Otieno A. 2005), V. Astakhova (Lundblad M
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et.al, 2005), Yu. N. Vnukov (Childs T.H. et.al, 1990), we can see that when
processing metal materials, fracture should be considered as a phenomenon due
to which the material is separated in front of the cutting edge to form a new
surface (cutting surface) and chip elements are formed, breaking the connection
between its volumes. For example, when cutting titanium alloys, fracture by a
localized shear in a thin layer, where the material has lost the ability to resist
deformation, forms clearly pronounced, very offset from one another, though
rather tightly interconnected chip elements (Childs T.H. et.al, 1997).

Results. Figure 2 shows an imitation of the process of rotational turning of
wear-resistant cast iron ICH300H18G3. The cutting tool is a cup made of P6M5
steel.

Figure 2 — Imitation of the process of rotational turning of wear-resistant cast
iron ICH300H18G3.

This methodology for studying the process is of practical interest to the
distribution of temperature in the contact zone of the «cutting tool - workpiece».
Obtaining temperature results experimentally in various cutting zones causes
certain difficulties caused by the small size of the interaction zone of the cutting
tool and the processed material, the high speed of the process, as well as the
constant change of contact zones. In this regard, numerical simulation of the
rotary turning process can solve this problem by using the Ansys WB program.
This problem was solved earlier in other works (Togizbayeva B.B. et.al, 2020),
(Sherov K.T. et.al, 2017). In these works, only two elements of the workpiece
and the cutting tool were analyzed. The desire to reduce costs in developing
new and optimizing existing machining processes and equipment for their
implementation by virtual modeling of these processes necessitates the use of
both finite- and discrete-element, as well as analytical and experimental models
of cutting. However, there are still no models allowing to obtain adequate
forecasts simultaneously for all indicators of the cutting process in a wide range
of its parameters. This is due, first of all, to the lack of an adequate model of
friction in the contact of the workpiece - the cutting wedge and, as a rule, to a
rather arbitrary setting of its parameters as a constant ratio between tangential
and normal stresses, called the average coefficient of friction. To build the
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model, the following steps were performed: a CAD model of the cutting tool
and the workpiece and shaft (Geometry) was developed; input of the mechanical
characteristics of the materials of the cutting tool and the shaft, the workpiece
(additionally for the destructible object - Johnson Cook model) (Engineering
Data) the type of contact between the surface of the cutting tool and the workpiece
(Frictional) is set; decomposition into FE (Explicit) (Figure 3).
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Figure 3 — Block diagram of numerical simulation.

The mechanical characteristics of cast iron, a cutting tool for a cup cutter
made of P6MS5 steel used in the model are presented in table 1.

Table 1 - Mechanical characteristics of cast iron

Parameters Unit of measurement ICH300H18G3
Density, p kg / m? 7000
The Young's Modulus, E GPa 162
Poisson's ratio, v - 0.25
Specific heat conductivity, ¢ J/(kgK) 525
Initial temperature,T, °C 22
Melting temperature T, °C 1200

Among the various laws of material behavior under large deformations, the
Johnson-Cook law is the most common. It takes into account adiabatic shear
phenomena caused by the large plastic deformations and significant temperature
gradients. This law establishes the dependence of the stress ¢ on the degree € (%)
and the strain rate, as well as on the temperature T, and can be decomposed in a
multiplicative form into three functions:

o—(A+B.g"{1+C~h:][l{ﬁ)D (1)

The first factor describes the hardening phenomenon, the second describes
dynamic processes, the third describes the vacation phenomena. The riveted
multiplier corresponds to the flow stress of a constant strain rate. A is the limit
of elasticity of the material under consideration, B and n are linear and nonlinear
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hardening parameters. The second factor is a multiplicative factor characterizing
the dynamic hardening of the material. It depends on the equivalent rate of plastic
deformation. C is the coefficient of sensitivity to the strain rate. We assume the
initial strain rate to be 1 ¢ ~!. The third factor is a factor corresponding to the
phenomenon of thermal tempering. T is the initial temperature. For temperatures
between T and the melting temperature T, the motion stress decreases along with
the temperature and tends to zero at T =T . At temperatures tending to the melting
temperature, the stress of motion is almost zero. Thus, T is the temperature in
relation to which the mechanism of thermal tempering is considered, and m is
an indicator of the degree of this thermal tempering. The values of the Johnson-
Cook model parameters for the workpiece materials are presented in table 2.

Table 2 - the Johnson-Cook model parameters for the workpiece
Workpieces A, MPa B, MPa C n m
ICH300H18G3 254 639 0.26573 0.4969 1.037

The adapted failure criterion is interconnected with the Johnson-Cook law of
motion. Destruction is considered for each element, starting from the moment
when:

AE
w=3 E (2)

where Ag - increment of the resulting plastic deformation,

A&, - the resulting deformation of the material failure [18].

Destruction in the material begins when ® = 1. The Johnson-Cook fracture
model takes into account thermomechanical processes at large deformations. The
equation of the resulting plastic fracture deformation is presented in the form:

g, =D, + D, -exp(D, -1+ D, e [ i+ 7], (3)

where o - the ratio of the average stress (o, ) and the resulting von Mises
stress (€ );

i - dimensionless degree of plastic deformation with ® a calculated strain
rate and a limit characterizing the moment of sensitivity to the strain rate. The
dimensionless temperature coefficient T" is written in the form:

T =(r-1T )T, -T,). )

where T, — material melting point; T, — initial temperature; D, — initial
fracture deformation; D, — exponential factor; D, — triaxiality factor; D, —speed
deformation factor; D, — heat factor.
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The parameters of equation (3) of plastic deformation of the destruction of the
workpiece are presented in table 3.

Table 3. Parameters of plastic deformation destruction of workpieces
Workpieces D D D D D

1 2 4 3

ICH300H18G3 -0,8 2,1 -0,5 0,002 0,61

In the case when the fracture criterion is made, the criterion for the development
of fracture comes into force. This criterion represents the energy level G,
necessary for the development of a crack. After a crack occurs, the behavior of
the material appears to be the relationship between stress and displacement, and
not between stress and deformation. For a scientific study of the cutting process,
it is necessary to obtain the following information: contact force in the contact
zone and temperature distribution in the workpieces (Bacaria J.L. 2001; Sherov
K.T. et.al, 2018). A denser overlay of the finite element mesh allows you to get
more accurate results in modeling physical processes, but it requires a lot of
time. Therefore, always choose the ratio between the required accuracy and time
constraints. In order to analyze the physical processes in the cutting zone, we
show the surface of the workpiece in the cutting zone. Figure 4 shows the finite
element mesh of the tool and the workpiece, as well as the boundary conditions.

a) b)
a - finite element mesh of the tool and the workpiece; b - boundary conditions

Figure 4 — Finite element mesh of the tool and the workpiece, boundary
conditions

Discussion. According to the result obtained, it is obvious that at the same
place on the contact surface the temperature of the surface layers of the workpiece
and the cutting tool is different, because the same layers of the workpiece are
subject to heating all the time, and since there is rotational processing, the
contact surfaces of the tool are constantly updated. And as a result, the surface of
the cutting cup does not heat up. Under experimental conditions, the maximum
temperature on the surface of the workpiece can reach the values of heat resistance
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of the material, and the maximum temperature in the surface layers of the chips
can reach the melting temperature of the processed material. Figure 5 shows the
temperature distribution in the body of the workpiece.

= I=.

a) b) c)
S =21,6 mm/min; n = 2000 rpm; a - 40HN2MA; b - 30HGSA; c - St 45

Figure 5 - Contact temperature when processing workpieces made of
various materials.

From the figures we can notice that with an increase in the number of
revolutions of the workpiece (spindle), an increase in temperature is observed
in the “tool-workpiece” contact. For the proposed processing method, it is
necessary to ensure the temperature in the contact «tool-workpiece» close to
the temperature of recrystallization of the processed material. Look at Figure 5,
and when machining workpiece from wear-resistant cast iron ICH300H18G3.
For the following material, the melting temperature is T = 1200° and the
recrystallization temperature is T__~480°. From the figure we can see that under
the contact layer - this is a brightly green zone, the temperature is 460°, and
indicates that at the given processing modes the temperature in the tool-to-
work contact does not exceed the recrystallization temperature. This confirms
the optimality of the specified processing modes. This technique allows you to
determine the optimal cutting conditions during rotary turning for processing not
only this material, but also for various materials. For performing the study, from
among the many existing models of fracture during cutting, we used the criterion,
which was first proposed by prof. V.L. Kolmogorov. In order to increase the
productivity of calculations, a mathematical model was proposed where three
objects were used: a blank in the form of a cylinder, a cutting plate in the form
of a cup, and a shaft of variable cross section. In addition to the coefficient of
friction between the cutting insert and the workpiece, the dynamic coefficient
was included in the work. A picture of the temperature distribution in the objects
under study with a change in the spindle speed is obtained. The results of the
study showed the possibility of controlling thermal processes during processing
by sorting the technological parameters.
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Conclusions. 1. The developed computer simulation model of numerical
simulation of rotary turning using AnsysWB tools made it possible to study the
temperature distribution in the bodies of objects.

2. This technique allows you to set the optimal cutting conditions for
processing various materials, bypassing expensive costs.
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