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2 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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



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.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

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

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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K.T. Sherov", B.S. Donenbayev', M.R. Sikhimbayev?, I.S. Kuanov',
G.D. Tazhenova’®

'S. Seifullin Kazakh Agro Technical University, Nur-Sultan, Kazakhstan;
?Karaganda Economic University of Kazpotrebsoyuz, Karaganda, Kazakhstan;
’Karaganda Technical University named after A. Saginov,
Karaganda, Kazakhstan.

E-mail: shkt1965@mail.ru

THE RESEARCH OF CIRCULAR SAW BLADE STABILITY STATE
FOR THERMAL FRICTIONAL CUTTING BY THE METHOD OF
CALCULATION IN THE FORM OF A HINGELESS CIRCULAR ARCH

Abstract. The productive and uninterrupted operation of the chemical, oil,
geological exploration and other sectors of the national economy of the Republic
of Kazakhstan directly depends on the quality of manufacturing of parts and
components of process equipment. The manufacture, repair and restoration of
parts and assemblies of technological equipment are carried out by mechanical
repair production, where the main mechanical operation is the cutting operation.
The authors have developed a method for thermal friction cutting with pulsed
cooling. A disc saw is used as a cutting tool.

In this article, a scientific and theoretical study of the state of stability of a
disc saw for thermal friction cutting was carried out by the calculation method in
the form of a circular hingeless arch.

A calculation method is proposed for determining the state of stability of a saw
blade. The form of buckling of a hingeless arch is also determined. Based on the
results of the research, the following conclusions can be drawn: the effectiveness
of the finite difference method for calculating the state of stability of a circular
saw is shown, using a rod calculation model in the form of a circular hingeless
arch for half of the circular saw that has penetrated into the body of the material
being cut, the form of buckling under a complex loading scheme has a “multi-
wave “ character.
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Key words. Circular saw blade, rod model, thermal frictional cutting, bending
moments, cross forces, longitudinal forces, hingeless arch stability.

K.T. lllepos", B.C. lonen6aes’, M.P. Cuxumoaen?, U.C. KyaHos!,
I.JI. Ta:xxkenona3

'C. Ceitdymnn ateinaarsl Kazak arpoTeXHUKAIBIK YHUBEPCUTETI,
Hyp-Cynran, Kazakcran;
’KastyTeinyonarsl KaparaHibl 5KOHOMUKAJIBIK YHUBEPCUTETI,
Kaparangpl, Kazakcran;
3A. CarbIHOB aTbIHIaFbl KaparaHabl TEXHUKAJIBIK YHUBEPCUTETI,
Kaparanaei, Kazakcran.
E-mail: shkt1965@mail.ru

TEPMO®PUKIINOH/AbBI KECYTI'E APHAJIFAH JIOMAJIAK
HIAPHUPCI3 APKA TYPIHAE ECEIITEY 9ICIMEH JIUCKIJII
APAHBIH, OPHBIKTBLIBIK KAFIAWBIH 3EPTTEY

Annorauus. Kazakcran PecnyOnukacblHbIH XUMUs, MYHaH, I€0JIOTUSIIBIK
Oaprnay >koHe Oacka Jja XaJbIK HIapyallbUIbIFbl CallaJapbIHBIH OHIIPICTIK KOHE
Y3MIKCi3 JKYMBICHI TEXHOJOTHSUIBIK JKAOABIKTBIH TETIKTEpI MEH TOpanTapblH
Jasipiiay carmachblHa TIKeJIeH Toyeu il 0osaael. TeXHOMOTUSIIBIK KaOIbIKTapIbIH
TETIKTepl MEH TOpAaINTapbhIH Jaspiiay, )KOHACY JKOHE KalWTa KajlblHA KEITIPY
AKYMBICTADbIMEH  MEXAaHUKAJIBIK-)KOHJEY  OHIIpicl  allHambIcaibl  >KOHE
OHJIaFbl OPBIHJATATHIH HETI3r1 MEXaHUKAJbIK ONepalusiIapAblH Oipi — Kecy
ornepauusachl. ABTOpiap TapanblHaH TEPMOGPUKIMAIIBIK KECY TACII KacaFaH.
Kecymi xypan peringe Oy Tocuige AMCKII apanap KOJAAHBUIAAbL. Op TYpii
MeTaJT MaTepuaigapabpl TEPMO(PPUKIMSUIBIK KeCy YIIIH alHaJIMaibl JUCKLI
apaylapAbIH KYMBIC icTey OapbIChIHIA, OJjlap/la KYINTIK >KOHE WHEPIUSIIBIK
ocepiiepAeH TybIHJAFaH Kypzenm KepHeymi-negopMalusiianFad KyObuibIcTap
naiina Oonazbl, OCbIHAANH MOCEJEHI IIenly KaObUIJaHFaH ecenTey MOJeIiHe
Toyeni Oonaabl. by makanaga TepMOQPUKLIUAIBIK KECY YIIIH JUCKLII apaHbIH
TYPaKTBUIBIFBIHBIH KYHIH JOMaJIaK MIapHUPCI3 apKa TYpiHAE ecenTey dAiciMeH
FBUIBIMH-TEOPHSIIBIK 3€pTTey >Kyprizinai. KecineTin marepuannblH AeHECiHE
Oarplpa KipreH AWCKUIl apaHbIH JKapThIChIHA apHAJIFaH JEOHIeJeK MIapHUPCI3
apkKa TYpPIHAET1 CTEP>KEH/II MOJENbIl KOJJaHyFa HETI3IeNTeH AUCKLI apaHbIH
OPHBIKTBUIBIFBIHBIH JKaFlaliblH aHbIKTAy ojicTeMeci ycblHbuiaabl. LllapHupcis
JIOHTeJIEeK apKaHbIH, MO MOMEHTTEpJIH SIIOPiHIH, COHAAN-aK KeJIJIEHEH
oHe OOMIBIK KYIITEP/IiH SMIOPIHIH €CeNnTiK cxeMachl kenrtipineni. Conaaii-ak,
IIAPHUPCI3 apKaHBIH OPHBIKTBUIBIFBIH JKOFANITY MIIIiHI aHBIKTAJABL. 3eprTey
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HOTIKEeCi OOMBIHIIA KOPBITBIHABI: KECLIETIH MaTepualiFa €HEeTiH AMCKUI
apaHbIH JKapThICBIHA apHAJIFaH JIOHTeJIeK MapHUPCI3 apKa TYPIHIE ecenTeyaiH
©3CKTI MOJEJIH TNaianaHa OTHIPHIN, AWUCKIIl apaHblH OPHBIKTHUIBIFBIHBIH
YKarJalblH €CeNTey YIUiH COHFbI albIPMaIIbLIBIKTAp 9IICIH KOJIJIaHY THIMJLIIT
KOPCETIITEH, XKYKTEYIIH KYPETi CyJI0achIH/Ia OPHBIKTBUIBIKTHI dKOFAITY MIITIHI
«K6I TOJIKBIH/IBIIBIK) CUIIaTKa he OoJabl.

Tyiiin ce3gep: nuckinmi apa, CTepXkJi MOAETb, TEPMOPPUKLIHUOHIBI KECY,
ULy MOMEHTI, KeJJIEHEeH KYLITep, OOMIBIK KYLITep, MIAPHUPCI3 apKaHbIH
TYPaKTBUIBIFBI.

K.T. lllepos", B.C. lonendaes’, M.P. Cuxumoaen?, U.C. Kyanos!,
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HCCJIEJOBAHUE COCTOSIHUSA YCTOMYUBOCTH JUCKOBOM
MWL JUISI TEPMO®PUKIIMOHHOM PE3KHA METOJIOM
PACUETA B BUJIE KPYTOBOWM BECIIAPHUPHOI APKU

AnHoTtauus. [IpousBonutensHas U OecrnepeboifHas paboTa XUMHUYECKOMH,
He(TAHOM, reoJoropa3BeOYHON U APYTUX OTpaciell HapOIHOIo XO3siicTBa
PecnyOnuku Kazaxcran HanpsiMyro 3aBUCAT OT Ka4eCTBa U3TOTOBJICHUS JIeTanen
U Y3J0B TEXHOJOIMYECKOro oOopynoBaHus. M3roroBienueMm, peMOHTOM
U BOCTAQHOBJIEHHMEM JieTalledl M Y3JI0B TEXHOJIOTMYECKOro O00OpYI0BaHUS
3aHMMAETC  PEMOHTHO-MEXaHMYECKOE  IIPOM3BOACTBO, IAE€  OCHOBHOMU
MeXaHMUYEeCKOH orepalueil apsieTcs oTpe3Has onepaus. ABTopaMu pazpaboTaH
croco0 TepMOYPUKIIMOHHON OTPE3KHU C UMITYIHCHBIM OXJIaX1eHueM. B kauecTBe
PEeXYILIEro MHCTPYMEHTa NpUMEHseTCs JUCKoBas nuia. B mpormecce paboTsl
BpAIIAIOIINXCS JUCKOBBIX MW AJII TEPMOPPUKIIMOHHOM OTPE3KH PazIUUHbIX
METAJUINYECKUX MATEPUAIOB B HHUX BO3HUKAIOT CIIOKHBIE HAINPSOHKEHHO-
Ne(pOpPMUPOBAHHbBIC SIBICHHS, BBI3BAHHbIE CHJIOBBIMH M HHEPLUUOHHBIMU
BO3/ICHCTBUAMM, pellieHUe MOA0OHOH 3a/ja4K 3aBUCUT OT NMPHHATON pacueTHON
Mozenu. B 1aHHOHM cTaTbe BBIOJIHEHO HAY4YHO-TEOPETHUUYECKOE MCCIIECNOBAHUSA
COCTOSIHUSI YCTOWYMBOCTH IMCKOBOM MHWIJIBI JJISI TEPMODPHUKIIMOHHON pPE3KU
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METOJIOM pacyeTaBBUIe KpyroBoii OeciiapaupHoii apku. [Ipennaraercs Metoanka
pacdera OIpeneseHUuss COCTOSHUsS YCTOWYMBOCTH AUCKOBOM IWIIBI, KOTOpas
OCHOBaHa IIPUMEHEHUIO CTEPKHEBON MOJIEIM B BUJIE KPYTOBOM OecliapHUpHOU
apKy Ui IIOJIOBHHBI JUCKOBOW MWJIBI, IPOHHKIIEW B TEJIO pa3pe3acMoro
Marepuana. [IpuBoasTcs pacdyeTHash cxema OECIIapHUPHOW KpPyTrOBOHM apKu,
SMIOpa U3rMOAOIIMX MOMEHTOB, a TaKXe JII0pa MOMEPEYHBIX U MPOAOIbHBIX
cui. Taxke ompeneneHa ¢popma MOTEpH YCTOWYMBOCTH OeCLIapHUPHONW apKu.
1o pesynbraTam ucciieq0BaHUN MOXKHO CIEJIaTh CIEAYIOIINE BBIBOJBL: [I0KA3aHa
3¢ (}EeKTUBHOCT, TPHMEHEHUS METoJa KOHEYHBIX pa3HOCTeH s pacdera
COCTOSIHMSI YCTOMYMBOCTH JUCKOBOM IHJIBI, MCIOJIB3YSl CTEPKHEBOTO MOJIEIA
pacdeTa B BUJI€ KPYTrOBOW OeCIIapHUPHON apKH JIJIsl TTOJIOBUHBI TMCKOBOM TTHJIBI
MIPOHUKILEH B TEJIO pa3pe3aeMoro Marepuaina, Gopma morepu yCTOWYHMBOCTU
IIPU CIIOKHOU CXEME 3arpy>KeHHsI UMEET «MHOTOBOJIHOBOW» XapaKTep.

Ki1roueBble ci10Ba: 1MCKOBas UJIA, CTEPKHEBBIN MOJIEIb, TEPMOPPUKLIMOHHAS
pe3ka, U3rHOalOMMi MOMEHT, IONEPEYHbIC CHJIbI, MPOJIOJbHBIC CHIIBL,
YCTOMYMBOCTH OECHIapHUPHON apKH.

Introduction. Traditional thermal frictional processing technology based on
the softening of the processed material in the cutting zone on account of the high
rate of sliding friction. At the same time, the higher the velocity, the more the
amount of heat accumulated in the contact. Consequently, the processed material
is subjected to a greater softening and the cutting circular saw blade retains
strength properties due to the particular part location minimizations periphery
of the disk in contact. However, an excessive increase in velocity leads to a
tightening of requirements for equipment. So, the average cost of the machine
by increasing the speed V = 30 m/s to V > 70 m/s, increases 5+7 times and
increases the power consumption (for machines equipped with engines thermal
frictional processing 22-40 kW). Persistence of the circular saw blade in the
range V = 35+70 m/s is low, as it does not have time to cool down. The authors
have developed resource saving technology of thermal frictional processing
implemented at low speeds (Sherov, et all, 2017 a: 10, Nasad, et all, 2019: 7,
Khodzhibergenov, et all, 2015: 3, Dudak, et all, 2017: 8), one of which is thermal
frictional cutting with the localization of the thermal field due to a pulsed cooling
(Sherov, et all, 2020 b: 4, Kadyrov, et all, 2021: 9, Balgabekov, et all, 2014: 3).
Figure 1 shows photographs of circular saw blades of various designs.

Figure 1. Photo of circular saw blades of various designs
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When thermal frictional cutting with pulsed cooling one of the indicators
of the quality of the cut is perpendicular. Providing of perpendicularity of cut
depends largely on the stability of the circular saw blade. In this regard, the study
circular saw blade stability of the state by calculating in the form of hingeless
circular arch is an urgent task.

Research materials and methods. In operation, the process of the rotating
circular saw blades for thermal frictional cutting of various metallic materials
complex stressedly-deformed facts caused by the inertial force and the inertional
impacts. There is a solution that depends on the accepted calculated model (rod,
plate, etc.)

In this research to calculate the cutting saws were accepted the rod model in
the form of a hingeless circular arch for half of the circular saw blade, piercing
into the body of the material being cut.

Results. Figure 2 shows the calculated scheme of a hingeless circular arche.
All external loads arising in the process of cutting (radial and tangential) are put
to a single value of q.

The geometry of the arch axis (see. Figure 2)

X, - abscissa current i-th section;

y, - the same, the ordinate;

@, - angle of the tilt tangent to the x-axis held in i-th section.

For arches, the axis of which is delineated by a circle is taken:

2

l
yi= [R2=(5=x) —R+f (1)
r-f . P _;/5 — The radius of the circle
2 8f 2)
sing; = (I — 2x;)/2R; cos¢; = (y; +R—f)/R 3)

u - axis parallel to the tangent; v - axis normal to the tangent; s - size of the
bow arch.
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Figure 2. The calculated scheme of a hingeless circular arche
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The differential equation of the bent axis of a circular bar of small curvature
has the form (through the bending moment) (Darkov, et all, 2010 a: 656;
Smirnov, et all, 1981: 512; Burgakov, et all, 1983: 255; Klein, et all, 1980: 384;
Rabinovich, 1960: 516):

dz_u u M d*u Mp?

- =—-= — tu=-
ds? t p? EJ of dg¢? EJ] (4)

where (see Figure 2): ds - the length of the elementary arc arch axis; ¢ - angle
counted relatively to the center of vertical axis of the circle; d¢ - elementary
opening angle; M - a function of the bending moment in the cross sections on
the axis of the arch; EJ - bending stiffness of the arch axis; u - v linear movement
along the axis; d_- elementary movement (p = R) - for circular arche.

For hingeless arch when effects to loads indicated in Figure 2 (three times
statically indeterminate system) the classical method of forces (by the method of
elastic center) was made static analysis (Darkov, 2008 b:420; Imanbaeva, et all,
2011: 158; Lukashevich, 2003: 135; Doihen, et all, 2001: 203), and received the
diagrams of internal forces M, Q, N.

Figure 3 shows the bending moment diagram.

0.109
0.078 _—T—_0.078

0.090

0.132

0.172

0322

Figure 3. The diagram of Figure 4. The diagram of Figure 5. The diagram of the
bending moments cross forces longitudinal forces

The ordinate values of bending moment diagram M can be inserted into
equation (4).

To make equation (4) we use the method of finite differences using a curved
grid (Ilyin, 1990: 268; Filippova, et all, 2016: 162; Zenkevich, et all, 1974: 239;
Aleksandrov, et all, 1990 a: 400). We transform the equation (4) of the intensity
of the external load of q, the critical values which, in the future, we seek out
when we solve the problem of stability of the curved bar (Klein, 1980: 384;
Aleksandrov, et all, 2000 b: 560; George, et all, 1984: 333; Togizbayeva, et all,
2020: 9; Zhunusbekova, et all, 2016: 4).

We allow the following symbols:

a-q-R?

K* = + 1.

EJ (5)
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K? - parameter of the external load.

We can determine the value of the critical load intensity with the known
value of «K»:

_ EJK*m)

Gp =z

(0)

The original differential equation (5), expressed in load «q» will take this
view after the transformation as follows:

d*u = d?*u q d*u 1 d?u q
4 z or—+—="——5=
ag* ' ¢  Ej..  ds* | RZ ds®  EJ_._ (7)

We can write the equation (7) in finite differences through radial grid
parameters u, ¢,. Taking into account the symmetry we divide the half-arches
(see Figure 2) into 6 equal parts with the parameters: R = 6 cm; dp = 90%6 = 15°
=0.2618; dS=Rde =0,01571 (m).

Figure 2, the unit “A” - the outlined unit, “7” - contoured unit. We exclude
their value of movement, using the boundary conditions in the “A” unit:

U, = 0 (fixed “heel” arches).

(dw/dx),=0; (U.-U )/o,=0; (¢ ,= dx=15°), hence:

U=U, e U=0;U=U;dS~AS=001571 m. )
For the i-th unit of the radial grid (See Figure 5), equation (6) in finite
differences will be:

; [(ug +up) — 4(uy + wp) + 6u,] +

(45)" (we +uy — 2u,)
= k*(a)

1
RZ (4S)? 9)
(a = g/q, conditional coefficient of load q (see Figure 1), (q, - conditionally
accepted value).

The number of calculated linear units radial grid (n = 6).

Making «n» of finite-difference equations (like 8) we receive a system of
linear algebraic equations (SLAE) of 6-th order.

( 114,7u, — 65,556u, — 16,418u; + 0,212K2 - 106 = 0
—65,556u, + 98,283u, — 65,556u; + 16,418u, + 2,212K2 - 1076 = (
) 16,418u; — 65,556u; + 98,283us — 65,556u, + 16,418u5 — 1,188K? - 10°
16,418u, — 65,556u; + 98,283u, — 65,556us + 16,418u, — 1,188K2 - 10~
16,418u; — 65,5561, + 114,70us — 65,556u, — 1,188K2- 1076 = 0
L 32,838u, — 131,119us + 98,283u, — 1,188K2- 1076 = 0

(10
)

246



ISSN 2224-5278 4.2022

Figure 6 shows a fragment of the radial grid.

Figure 6 — Fragment of the radial grid

SLAE of 6th order (9) in matrix form can be written as:
(A—BK)i =0, (11)
where A - a square matrix of order 6, composed of the coefficients of the
appropriating units displacements u , u,,...,u;
B - a diagonal matrix of order 6, composed of the coefficients relating to the

load parameter in units 1, 2, ... 6.
A nontrivial solution of the equation (11) when , has the form:

D=A-B-K=0 (12)

D - determinant of the 6-th order. Disclosing this determinant relatively in the
parameter load “K” we get the characteristic equation of order 6, ie,

aK°+aK’+.. . +aK'+b=0 (13)

Solving the characteristic equation (13) we get six of its roots (eigenvalues of
the matrix «D»), each of which corresponds to its own vector of unit displacements
(of 6 vectors) defining forms of stability loss of hingeless circular arches.

In practical tasks the actual value has a smaller value K, (i=1, 2, ..., 6), i.e.
K=K ., which corresponds to the critical load A (expression 6), i.e.,

- B (K2, 01)
R (14)

For the calculated arch scheme (See Figure 2) (calculated using the standard
program “Matcad”) received for SLAE (10) value:
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K=K _ =39,9832; (15)
Then, by (14) the critical load equals
Gy - B0 g,

1.€. Qup = 443793,3851m(KH/M).

The first form of the arch of loss stability (or values K . =39,9832) is shown
in Figure 7.

Figure 7 - The form of loss stability of hingeless arch

Discussion. Complex stress state that occurs when cutting different materials
by rotating circular saw blades, in this research, it is modeled by the rod model
in the form of a hingeless circular arch, loaded by radial and tangential loads. In
the study of the reliability of such circular saw blades along with the issues of
their strength are more important and the problem of stability of the Euler sense.
Applied in the research the differential equations (5,7) of curved axis of the
circular bar is adequately reflects the relationship between external influences
and internal forces and displacements. The greatest bending moments are
concentrated in the left half an arch in the lock area of an arch (Figure 3). The
longitudinal force (Figure 5) acquires the highest values in the right half an arch
and have different symbolic value (on the diagram - three half-wave).

The finite difference method, applied for the stability study provides sufficient
engineering accuracy (estimated at six units - taking into account the symmetry
of the arch).

The value of the critical load (q,) provides stability to the circular saw blade

248



ISSN 2224-5278 4.2022

solid stability supplies is more than one. Form of loss stability (Figure 7) has a
complex multi-wavelength character in view of the nature of a complex scheme
of loading blade (Figure 2).

Conclusions. It is showed the effectiveness of the use of the finite difference
method for the calculation of the state of stability of the saw blade, using the rod
model calculation in the form of a hingeless circular arch for half circular saw
blade pierced into the body of the material being cut.

The form of the loss of stability in a complex scheme of loading (see. Fig. 2)
has a “multiwave” character (see. Fig. 7).

The proposed methodology of calculation on stability can be applied to other
calculated arches schemes (with other conditions equations arch basing axle,
loading schemes).
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