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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.

Kaszaxcman Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28

«H3Bectuss HAH PK. Cepus reoioruu u TeXHHYeCKMX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcTBenHuk: Pecrybnukanckoe odmecTBeHHOe 00benuHenue «HarmonansHast akaaeMust HayK
Pecny6nuku Kazaxcran» (T. AJIMarsl).
CBHIETENBCTBO O MOCTAHOBKE HA y4eT MEpUOAMYECKOro neyarHoro m3nanus B Komutere mudopmannu
Munucrepctsa nHGopManuu u o01iecTBeHHOTo pa3BuTHs Pecryonmku Kazaxcran Ne KZ39VPY 00025420,
BeiganHoe 29.07.2020 r.
Temaruueckasi HaIpPaBIEHHOCTb: 2€0102Us, XUMUYECKUe MeXHONo2UY nepepabomku Hedpmu u 2asa,
Hegmexumus, mexHoN0SUY U3GeHEeHUSI MEMANN08 U UX COeOeHEeHU].
IlepuonngyHOCTE: 6 pa3 B rof.
Tupax: 300 3K3eMIIIIpOB.
Anpec penakiuu: 050010, . Anmarsl, yi. llleByenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY 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
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
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

PANFILOYV 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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© National Academy of Sciences of the Republic of Kazakhstan, 2023
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© N.Zh. Karsakoval, K.T. Sherov?’, B.N. Absadykov?, M.R. Sikhimbayev*, G.M. Tussupbekova', 2023
'A. Saginov Karaganda Technical University, Karaganda, Kazakhstan;
’S. Seifullin Kazakh Agro Technical University, Astana, Kazakhstan;
3A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan;
“Karaganda Economic University of Kazpotrebsoyuz, Karaganda, Kazakhstan.
E-mail: shkt1965@mail.ru

THE ISSUES OF IMPROVING THE TECHNOLOGY FOR MACHINING THE LARGE
DIAMETER HOLES OF THE LARGE-SCALE PARTS OF THE TECHNOLOGICAL
EQUIPMENT

Karsakova Nurgul Zholaevna — doctoral student. Karaganda State Technical University, Karaganda, Kazakhstan

E-mail: karsakova-87@mail.ru. ORCID: https://orcid.org/0000-0003-2002-1557;

Sherov Karibek Tagayevich — Doctor of Engineering Sciences. Professor. S. Seifullin Kazakh Agro Technical
University, Astana, Kazakhstan

E-mail: shkt1965@mail.ru. ORCID: https://orcid.org/0000-0003-0209-180X;

Absadykov Bakhyt Narikbayevich — Doctor of Technical Sciences. Professor, the Corresponding member of National
Academy of Sciences of the Republic of Kazakhstan. A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan

E-mail: b_absadykov@mail.ru. ORCID: https://orcid.org/0000-0001-7829-0958;

Sikhimbayev Muratbay Ryzdikbayevich — Doctor of Economic Sciences. Professor. Karaganda economic university of
Kazpotrebsoyuz, Karaganda, Kazakhstan

E-mail: smurat@yandex.ru. ORCID: https://orcid.org/0000-0002-8763-6145;

Tussupbekova Gulim Magauiyanovna — doctoral student. S. Seifullin Kazakh Agro Technical University. Technical
faculty, Astana, Kazakhstan

E-mail: gulim_tus@mail.ru. ORCID: https://orcid.org/0000-0003-3373-9541.

Abstract. The leading industries such as mining, oil and gas, exploration, etc. play a special role in
the development of the economy of the Republic of Kazakhstan (RK). Ensuring the smooth operation of
these industries primarily depends on the quality of the parts manufacturing and the components of the
process equipment. Machines and technological equipment produced for these industries are characterized by
high metal consumption and high labor intensity of their manufacture. Such details include the frame of the
submersible pumps. The base of the NP8 submersible pump is its supporting part, on which the components
and parts of the pump are mounted and to which particularly high requirements are imposed in terms of its
strength, rigidity and manufacturability. The conducted studies have shown that one of the main problems
arising in the manufacture of large-sized parts is the processing of the large diameter holes. The frame part
has stepped holes of the large diameters, and when processing them, it is necessary to ensure the alignment
of the holes. The study in this article aims to solve this problem. The authors suggest the design of a special
boring bar, which provides simultaneous processing of the stepped holes. However, there is the issue of
vibration when boring holes of large diameters, which negatively affects the machining accuracy. To dampen
vibration during processing, it is offered to use special controlled technological equipment. The design of a
special controlled technological tooling can compensate for elastic squeezing during processing. The results
of experimental studies are also presented to determine the response of the system to a power surge and to a
mechanical shock disturbance with and without correction of the elastic pressures.

Keywords. Large parts, large diameter holes, bed, boring bar, vibration

© H.K. Kapacakosa!, K.T. lllepos*’, b.H. A6canbikos’, M.P. Cuxumoaes*, .M. Tycyn6exonaZ, 2023
'A. CarbinoB aTeingarsl Kaparanasl TeXHUKaNbIK yHUBEpcuTeTi, Kaparanasl, Kasakcran;
2C. Ceii¢pymumun atbingarsl Kasak arpoTexHuKanbIK yHUBepcuTeTi, Acrana, Kazakcran;
39.B. BexTypoB aTbIHAAFbl XMMUA FBUIBIMJIAPBI MHCTUTYTHI, AMaThl, Ka3zakcran;

“Kastyteinyonarsl Kaparanasl SJKOHOMHKaIBIK yHHBepeuTeTi, Kaparanael, Kazakcran.
E-mail: shkt1965@mail.ru

TEXHOJOI'UAJIBIK KABJABIKTBIH YJIKEH TUAMETPJII IPI BOJIINEKTEPIHIH
TECIKTEPIH OHAEY TEXHOJIOTI'UACBIH XKETIJIIAIPY MOCEJIEJIEPI
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Annoramusi. Kazakcran PecmyOnmkacsl SKOHOMHUKACHIHBIH JaMyBIHIA Tay-KeH, MYHal-Ta3,
TCOJIOTHSUIBIK Oapnay >koHe T.0. CHSKTBI ©HEPKICINTIH JKETEKINi cajajiapbl epeKiie peil aTKapaabl. byn
cayllanaplblH Y3IIKCi3 JKYMBIC iCT€yiH KaMmMTaMachbl3 €Ty €H algbIMEH TEeXHOJOTHUSUIBIK >KaOIbIKTBHIH
OeJIIIeKTEepi MEH TOpanTapblH JaibIHAAY carnachiHa OaitnaHbicThl Ooaabl. JKoraphlaa aTajaraH cajiajap YIIiH
OHJIIPIJIreH MalllMHAJIap MEH TEXHOJIOTUSUIBIK KaOJbIKTap YJIKEH METaI ChIMbIMIBIIBIFEIMEH JKOHE OJIapibl
OHJIPYIiH KOFapbl €HOCK CHIMBIMIBIIBIFEIMEH CHNAaTTana sl. MyHIail OemeKTepre cyacTsl COPFbUIaPBIHBIH
TYFBIPBIH J1a )KaTKbI3yFa Oosanpl. CyacTsl coprbiHbIH HII8 TYFBIPBI OHBIH Tipek Oeliri 00BN TaObLUIabL,
OHJIa COPFBIHBIH TOpanTapbl MeH OeIIeKTepi OpHATHIIAJbI JKOHE OHBIH OEpIKTIri, KATTHUIBIFBI JKOHE
OHIMIIIrT TYPFBICBIHAH €peKLIe >KOFapbl Tajantap Koubuiaabl. JKyprisiiren 3eprreyiiep KepceTKeHAEH,
YJIKeH eimeMal OenuekTepli eHIipyAe TYybIHIANTBIH Heri3ri Maceneiepnid Oipi-ylkeH Iuamerpii
TecikTepAi eHjaey. TYFBIp TETITi YJIKEH JUaMETpi CaThUIBI TECIKTEpre Me >KOHE oyiaplbl OHJIEY Ke3iHIe
TECIKTEepiH YWIeCIMIUIriH KamMTamachl3 ety KaxkeT. Ochbl Makajaiarbl 3epTTEy OCHl MOCENCHI IIelryre
OarpITTaIFaH. ABTOpJIap caThUIbl TeCIKTEpAi Oip yakbITTa ©HIECYAl KaMTaMachl3 €TeTiH apHaiibl OopIluTaHra
KYPBUIBIMBIH YCBIHA/BI. JlereHMeH, OHJey JMAQJJITiHe Tepic ocep eTeTiH YIKEH JHaMeTpili TeciKTep.i
KEeHEeHTeKOHY Ke3iHJIe Jipin Maceneci 6ap. OHuey ypaiciHme Mipiiji *KOFanTy YIIiH apHaiibl GacKapbUIaThIH
TEXHOJIOTHSUIBIK, >KaOJbIKTBl KOJIJaHY YCBIHBUIAAbl. ApHailbl 0acKapbUIaTBbIH TEXHOJOTHSUIBIK >KaOIbIKTHIH
KYPBUIBIMBI OHJCY YPIICIHIC cepmiMIi Kbicynbl oted anmazapl. CoHpail-aK, JXKYHEHIH CepIiMIl KBICY/IbI
TY3€TyMEH JKOHE OHCBI3 KEPHEY/IiH KOFapbliayblHa dKOHE MEXaHUKAJIBIK COKKBIHBIH OY3bUTYbIHA PEaKIUSCHIH
aHBIKTay OOMBIHINA IKCTIEPUMEHTTIK 3epTTeYJIEePAiH HOTHXKENIepl KeTipiiareH.

Tyiiin ce3aep. YkeH enmemMai OeIIeKTep, YIKeH TUaMeTpIli TECIKTep, TYFBIp, OOpIITaHra, ipin
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BOITPOCHI COBEPIIEHCTBOBAHUS TEXHOJIOI'MY OBPABOTKHA OTBEPCTHM
BOJIbIINAX IMAMETPOB KPYITHOT' ABAPUTHBIX JETAJIEH TEXHOJIOTMYECKOT'O
OBOPYAOBAHUA

AnHoTauus. B pasButum skoHomuku PecnyOnmmkum Kazaxcran ocoOyio poib WIpaeT BenylIne
OTpaciii MPOMBIIUIEHHOCTH, TaKhe Kak TOpHas, HedTera3oBas, reosoropassenouHas u ap. Obecredenue
Oecniepe0oitHOM pabOTHI 3TUX OTpacieH, B IEPBYIO OYepEIh, 3aBUCUT OT KaueCTBa M3TOTOBJICHUS JIETAICH U
Y3JI0B TEXHOJIOTHYECKOT0 000pyA0BaHMs. MalliHbI ¥ TEXHOIOTHYeCKOe 000pyJOBaHHE, TIPOU3BOAUMBIC AJIS
BBIILICYKA3aHHBIX OTpaciied MPOMBIIIJICHHOCTH, XapaKTePU3YIOTCsl OOJBIION METaNIOEMKOCTBIO U BBICOKOH
TPYJOEMKOCThIO HMX H3TOTOBICHHA. K TakuMm JeTajasiM MOXHO OTHECTH CTaHWHY TOTPYXXHBIX HACOCOB.
Cranuna HII8 Hacoca morpysKHOro sBJISE€TCS €ro OMNOPHOM 4acThlo, HA KOTOPOM MOHTHPYIOTCS Y3Jbl U
JeTaIy Hacoca U K KOTOpOH NPEeABSBISIIOTCS OCOOCHHO BBICOKME TPEOOBAHUS ¢ TOUKH 3PEHHS €€ MPOYHOCTH,
KECTKOCTH M TEXHOJIOTHYHOCTH. [IpoBe/ieHHbIC UCCIIeIOBAHUS TTOKA3aJIM, YTO OJJHOHM U3 OCHOBHBIX NpoOIIeM,
BO3HHKAIOIIUX NPU M3TOTOBICHUN KPYITHOTa0APUTHBIX NIETalel, sBIsETCsI 00pabOTKa OTBEPCTHH OONBIIHX
auaMeTpoB. JleTanb CTaHMHAa UMEET CTYNEHYaThle OTBEPCTHs OOJNBLIMX AWAMETPOB M IpH UX 00paboTKe
HE00X0JIMMO o0ecriedeHrue COOCHOCTH OTBepcTHil. VccnenoBanre B IaHHOM CTaThe HAPaBIICHO Ha pellICHHE
9TOH MpoOJieMbl. ABTOPaMH TpeasiaraeTcsi KOHCTPYKIUS CIIEUaIbHOM OOpIITaHTH, KoTopas oOecrieurBaeT
OHOBPEMEHHYIO 00pabOTKy CTyHeHYaTblXx oOTBepcTHi. OAHAKO CyLIECTBYeT BONPOC BUOpauuu NpU
pacTauMBaHUM OTBEPCTHH OOJBIIMX AMAMETPOB, KOTOPas OTPULATEIBHO BIMAET HA TOYHOCTH OOpabOTKH.
Jns ramenust BuOpanuu B mporecce 00paOOTKH, MpeasaracTcss NPUMEHEHNE CIICIUalbHON yIpaBisieMOn
TEXHOJIOTMYECKOH ocHAcTKU. KOHCTpyKIMA crienuaabHOM yHpaBisieMol TEXHOJIOTMYECKOH OCHACTKH MOXKET
KOMIICHCHUPOBAaTh YIOpyrue oTxarusi B mpouecce o0pabotku. Takxke NpPUBOIATCS — PE3ysIbTaThl
9KCIIEPUMEHTANBHBIX HMCCIEOBAaHUI 1O ONpEACICHUIO PEaKIMd CHUCTEMbl Ha CKAdOK HANpsDKEHUS W Ha
MeXaHMYEeCKOe YIapHOe BO3MYIICHHUE C KOPPEKLUEH YIIPYTUX OTKATUH U Oe3 Hee.

KiroueBble cjioBa: KpynHOraOapuTHBIE [€Tald, OTBEPCTHS OOJBIIMX IUAMETPOB, CTAaHUHA,
Oopiranra, BUOpamms
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In the manufacture of the large-sized body parts of the heavy machines, the largest share in the total
labor intensity is accounted for by operations associated with the processing of the main holes, i.e. holes of a
very large diameter. As blanks for large-sized body parts, steel or cast-iron castings are usually used. In some
cases, welded steel blanks are used, which, other things being equal, are significantly lighter than cast blanks.
For welded blanks, rolled products are used, or they are made as welded-cast or welded-forged structures.
High requirements are placed on the large-diameter holes in large-sized body parts in terms of accuracy in a
size, shape and location. The most common diameters of such holes are in the range of 280-550 mm. The
accuracy of these diameters is within 6-—8 quality, ovality and taper are from half to the whole tolerance field,
depending on the type of bearing, the tolerances for the location of surfaces are 68 degrees of accuracy, the
surface roughness of holes in body parts is Rz = 10+20 um (Ivanov et al., 2014: 5). In the conditions of the
repair and machining industries in the mining, geological exploration, oil and gas, chemical and other
industries, measuring tools are the most often used to process holes in large-sized body parts, this is due to
their following advantages: relatively high productivity, low costs for production preparation and low
requirements for accuracy of machine tools, since the accuracy of the machined holes is determined mainly
by the accuracy of the equipment used. In addition, unlike tools of other designs, in the process of
machining, measuring tools are based coaxially relative to the machined or machined hole, or the axis of
rotation. Therefore, the smaller the error in basing measuring tools, the higher the accuracy of the machined
holes should be. Studies show that the error of basing depends on a number of factors and, in particular, on
the method of locating the tool and the equipment used. The processing of holes, which are subject to high
requirements for the accuracy of a size, shape and location, still remains one of the urgent problems of
modern mechanical engineering. Figure 1 shows the classification of measuring instruments:
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Figure 1 - Classification of measuring tools for the hole processing

At the same time, the processing of the precise holes with measuring tools is associated with a
number of difficulties, primarily due to the limited rigidity of the tool due to its design characteristics, the
difficulty of supplying coolant to the cutting zone and removal, and chip removal. These problems lead to the
need to reduce the parameters of cutting modes, as well as the introduction of the additional operations into
the technological process.

Research materials and methods

The machines and the technological equipment produced for the exploration, oil and gas, chemical
and other industries are characterized by high metal consumption and high labor intensity of their
manufacture. Such details include the frame of the submersible pumps. The frame of the NP8 submersible
pump is its supporting part, on which the components and parts of the pump are mounted and to which
especially high requirements are imposed in terms of its strength, rigidity and manufacturability (Anikin et
al., 2018: 138; Karsakova et al., 2022a: 10). The bed in most cases is made of gray cast iron GCI15, GCI 18,
GCI 21, GCI 32, and sometimes the beds are made welded from sheet steel (Morgunov, 2021: 308; Korzh,
2010: 184, Rakhimov et al., 2021: 9; Baydjanov et al., 2019: 8; Ganyukov et al., 2018: 12). Figure 2 shows
the frame of the submersible pump.

b)

a - front view; b, ¢ — side view
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Figure 2 - Submersible pump frame
For boring of the stepped holes in the frame, a design of the special boring bar for the boring stepped holes has been developed
(Sherov et al., 2021a: 6). Figure 3 shows a boring bar for boring stepped holes.
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a — is boring bar for boring stepped holes, complete; b — is body of the boring bar for boring stepped
holes, side view; ¢ — is view B; 1 —is a body of the boring bar; 2 — is a tool holder; 3 — is a hard alloy plate; 4
— is a screw for fixing the tool holder; 5 — is a mounting groove; 6 — is threaded holes; 7 — is adjusting
through groove; 8 — is a screw for fixing the plate; L — is the length of the boring bar; 1, 1, — are distances
from the end face of the boring bar body to the mounting groove; 1, — is the length of the installation groove;
D — is the diameter of the boring bar body; r| — is the radius of the hole with a smaller diameter; r» — is the
radius of the hole with a large diameter; o — is the angle of the mounting groove inclination

Figure 3 — Boring bar for boring stepped holes

Simultaneous boring of the stepped holes from the same setup improves machining accuracy while
maintaining a hole alignment. The adjustment through grooves made on the tool holders allow the
adjustment of the boring bar for boring stepped holes of the various diameters (Karsakova et al., 2023b: 13,
Kadyrov 2021: 9, Mukanov, 2019: 4). It is known that there is an issue of vibration when boring holes of the
large diameters, which adversely affects the machining accuracy (Dudak et al., 2019: 12, Zhetessova,
2022:8). In this regard, in the future, it is important to improve the accuracy of machining holes in large-
sized body parts by stabilizing the position of the cutting tool. Stabilization of the position of the cutting tool
can be effectively solved by controlling the dynamic characteristics of the system, for example, by using
additional supports to support the boring bar and to stabilize the position of the workpiece during processing
(Kirsanov et al., 2003: 330).

The authors have developed controlled technological equipment (CTE) for boring holes on
metalworking machines of the various groups (Sherov et al., 2014b: 12). The purpose of the CTE is to
increase the technological capabilities of the equipment to ensure the accuracy of processing in a comparison
with the accuracy regulated by the standards for this type of equipment. A functional diagram of a controlled
tooling (CTE) for compensating elastic pressures during the processing of parts is shown in Figure 4. The
developed CTE (Sherov et al., 2014b: 12, Meshcheryakov et al., 1987: 6) is designed to work on the
principle of stabilizing the position of the shaping tip of the cutter in the process of the boring holes. The
body of the device is mounted in the turret head 1 of the metal-cutting machine and consists of: a fixed part
of the controlled equipment 2 and a movable part of the controlled equipment 3, connected to each other
through a conical surface by a threaded connection 4. A cutting insert is fixed in the movable part of the
controlled equipment. In the fixed part 2, a cup made of a dielectric material 6 is installed, in which a
piezoelectric transducer 5 (piezo motor) is located, made of piezoceramic elements sintered together, made
of ceramics zirconate-titanate lead-19. The piezo motor has the following characteristics: L is length 230
mm; D is diameter 20 mm; AL is elongation of the transducer = 45 um with a change in the control voltage +
400 V; fis natural frequency of the first mechanical resonance of the piezoelectric transducer equal 10 kHz
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1 is a turret head of the machine; 2 is a fixed part of the controlled equipment; 3 is a movable part of
the controlled equipment; 4 is a threaded conical fastening of the mandrel; 5 is a piezoelectric motion
transducer (piezo motor); 6 is fastening of the piezoelectric motor; 7 is a sensor for measuring deviations of
elastic pressings of the shaping vertex of the boring cutter; 8 is a sensor that registers the development of the
control action; 9 is a preliminary amplifier; 10 is a comparison block; 11 is a power amplifier

Figure 4 - Controlled technological equipment (CTE) for compensation of the elastic pressing of the
tool when boring holes.

The fixed body of the device has a perpendicular protrusion with a threaded hole into which a glass
is screwed, the bottom of which is a fixed support for the piezoelectric displacement transducer 5
(piezoelectric motor). When installing a piezoelectric motor in the body of the device, to eliminate gaps in
mating with the supporting surfaces, it is necessary to carry out a preload.

Displacement sensors 7 and 8 are located on the fixed part of the device 2 and in the piezo motor 5.
Capacitive displacement sensors are used to measure the deviations of the elastic pressures of the forming tip
of the boring cutter (sensor 7) and to record the processing of the control action (sensor 8) by the piezo
motor. The sensor is a capacitor consisting of two plates, one of which is fixed and the other moves. The use
of tooling allows you to control the accuracy of the form and the location of the surfaces of parts. It should
be noted that even with very high geometric accuracy of modern equipment, high accuracy of pre-machined
holes is required to achieve high shape accuracy of the bored holes. This condition is a consequence of the
presence in the technological system of a link with low rigidity of a cutter. An increase in the rigidity of this
link is prevented by objective reasons from the dimensions of the holes being machined (the diameter and the
length of the hole).

Results

To evaluate the operation of the proposed device, a series of experiments was carried out to
determine the response of the system to a power surge and to a mechanical shock disturbance with and
without correction of the elastic compressions (Sherov et al., 2014b: 12; Sherov et al., 2021c: 9, Goltsev et
al.,, 2021: 7). This will give us data on the regulation time (speed) and stability of the control action
processing by the device for automatic control of the tool's elastic depressions when boring holes. First of all,
let's check the reaction of the device without correcting its dynamic properties (sensors 7,8 and the piezo
motor in the off state). When a signal is applied to the system in the form of a voltage jump, the transient
process (Figure 5) is oscillatory and weakly damped. The price of one division of the oscilloscope grid is
0.002s along the abscissa and 1B along the ordinate. The overshoot is about 30 % and the regulation time is
18ms. With such characteristics of the transient process, the control system is unsuitable for controlling the
accuracy of the shape and location of holes in the cross section, since at an oscillation frequency of 200 Hz to
600 Hz (basic harmonic oscillations of the shape and location errors), the time of one oscillation of the
forming tip of the cutter is from 5 to 1,6 ms, and the device without correction of its dynamic properties (in
the off state) has a regulation time of 18 ms, i.e. the system will not have time to respond to the rate of
change in the elastic pressures of the tool during processing.

Figure 5 — The system response to a power surge without correction of its dynamic properties
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The response of the system to a signal coming from the tool position sensor to a mechanical impact
disturbance is shown in Figure 6. Control time, more than 20 ms.

Figure 6 - The response of the system without correction for mechanical impact disturbance

Let us now consider the reaction of the device with the correction of its dynamic properties by
introducing a feedback circuit, which will significantly improve its characteristics.

Since the developed device is a sixth-order system and the calculation of the tuning coefficients for
its optimal parameters is somewhat difficult, the system was tuned according to the type of transient process
by selecting the integration coefficient KU and the values of the coefficients included in the corrective
elements WK1 and WK2. The criterion for a satisfactory adjustment of the automatic control system was
taken to be the minimum control time, while ensuring the stability of the system and the overshoot value of
no more than 5 % (Korol'kov, 1984: 250). As a result of the introduction of corrective actions and the
selection of their parameters, the system regulation time under a disturbing action in the form of a voltage
jump has decreased, the overshoot value does not exceed 5 %. The transient process of the corrected
automatic control system is shown in Figure 7.

TeC = 0,31113

=2l W

-

Figure 7 — The system response with the correction of its dynamic properties for a power surge
The price of division of the oscilloscope coordinate grid along the abscissa axis is 1 ms, along the
ordinate axis 1 B. The control time is 0.8 ms when working out the control action, which is 22 times less
than in the system without correction. The response of the automatic control system to a mechanical shock
disturbance is shown in Figure 8.

Trec = 2,61115
Figure 8 — The system response with the correction of its dynamic properties to mechanical shock disturbance

The price of division of the coordinate grid of the oscilloscope along the abscissa axis is 2 ms, along
the ordinate axis 1 B. The regulation time is 2.6 ms, which is 8 times less than in a system without
correction.

Discussion

Bench tests have shown that the natural frequency of the elastic vibrations of the assembled device is
1200 Hz, the mechanical quality factor is about 40. The adjusted CTE parameters did not change during the
experimental studies.

The proposed CTE, operating on the principle of the vibration damping, is designed to compensate
for elastic displacements of the controlled element of the technological system (in this case, a mandrel with a
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disk) due to fluctuations in cutting forces and uneven rigidity of the technological system in various
directions. The design of the device must prevent the ingress of lubricating-cooling liquid and chips on the
internal structural elements.

Conclusions

In the process of boring when using CTE, it is advisable to obtain information about the magnitude
of the disturbing influences by measuring the values of the elastic pressures of the cutter with sensor 7.

The speed required to ensure the required accuracy of the location and shape of the cross-section of
the holes in the developed CTE is provided by the use of piezoelectric electromechanical displacement
transducers with corrected dynamic properties. The developed system has a control time Trec = 0.8 ms and a
bandwidth f=0- 1200 Hz.

The effective stabilization of the position of the shaping tip of the cutter, necessary for the
implementation of the control action with elastic pressures from 0 to 0.035 mm, was obtained through the
use of the developed design of controlled technological equipment at fine boring transitions.
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