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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
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© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023
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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».
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© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
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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

ZHOLTAEV 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.N. Absadykov?, M.R. Sikhimbayev®, B.B. Togizbayeva“,
A. Esirkepov'

IS. Seifullin Kazakh Agro Technical University, Astana, Kazakhstan;
2A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan;
’Karaganda Economic University of Kazpotrebsoyuz, Karaganda, Kazakhstan;
“Eurasian national university named after L.N. Gumilyov, Astana, Kazakhstan.
E-mail: shkt1965@mail.ru

INVESTIGATION OF THE STRESS-STRAIN STATE OF COMPONENTS
OF AHYDRAULIC IMPACT DEVICE

Abstract. One of the most important problems facing the exploration, oil, gas and
mining industry is increasing productivity and quality of used machinery and technology.
This paper presents the results of the study of the stress-strain state of parts of a hydraulic
impact device. The investigated device has a source of low-frequency vibrations in the
form of a hydraulic vibrating module, including a base machine, an actuating element,
an electro-hydraulic control unit, and an electronic block for monitoring a technological
process. The electronic block for monitoring of technological process receives signals
from the sensor of flow and concentration of metal, installed at the outlet of the pumping
well, converts them with a recorder, a decoder, and a corrector, and transmits them to the
electro-hydraulic control unit, where electronic signals are transformed into hydraulic
ones and transmitted to the actuator. The purpose of the study is to investigate the
stress-strain state of components of a hydraulic impact device and its further use in the
exploration industry in good drilling. The ANSYS Explicit Dynamics module was used
to study the stress-strain state of hydraulic impact device components, which makes it
possible to analyze the physical picture of high-speed processes for objects subjected to
strictly non-linear, alternating dynamic loads. The strength verification was carried out
using the Mises maximum stress criterion. The criteria are based on the Mises-Hencky
theory, also known as the energy theory of deformation. As a result, the strength and
stiffness of the hydraulic impactor element are ensured. For the more loaded element,
the striker, the safety margin is 1.57, which is within the permissible range (1.5-2.0).

Key words. Stress-strain state, hydraulic impact device, vibration module, finite-
element mesh, borehole drilling, safety margin.
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K.T. IlIepos"", b.H. A6caabikos?, M.P. Cuxuméaen?®, b.b. Torbiz6aeBa’,
A. Ecupkenos'

IC. Cetitymaun atsinmarsl Kasak arpoTeXHUKAIBIK YHUBEPCUTETI, AcTana, Kasakcramn;
?O.B. BeKkTypoB aThlHIaFbl XUMHUS FHUIBIMIAPbI HHCTUTYTHI, AnMatsl, KazakcTas;
SKastyreinyonarst Kaparan sl 5KOHOMUKANBIK yHHBepcuTeTi, Kaparanael, Kazakcran;
“JI.H. T'ymunes arsiniarsl Eypasust YITTHIK yHHBEpcUTeTi, AcTana, KazakcraH.

I'M APABJIMKAJIBIK COKKbBI K¥PbIJIFBIChI BOJIIIEKTEPIHIH
KEPHEYJII JE®OPMAIUSAJIAHFAH KYWUIH 3EPTTEY

AnHoramus. [eojorwsuiblk Oapiay, MyHal-ra3 »J>KoHE Tay-KeH ©HepKaciOi
NJbpIHAA TYPFaH MaHbI3Nbl MpoOieMaiapiblH Oipi — mNaiJanaHbUIaTBIH TEXHHUKA
MEH TEXHOJIOTUSHBIH OHIMJIUIIN MEH JKYMBIC CallachlH apTThipy. by Mmakanana
TUJIPABIIMKAJIBIK COKKbI KYPBLIFBICBIHBIH OOJIIIECKTEPiHIH KEPHEYI AehopManusiiaHFaH
KYHIH 3epTTey HOTHXKeJepi KeNTIpiiared. 3epTTesieTiH KYPhUIFbLIa THPABINKAIBIK A1pi
MOyl TYPIHJETT TOMEH JKULIIKTI TepOesic ke3i Oap, OHBIH IIIH/E HEri3ri MaIlHuHa,
aTKapyIIbl DJIEMEHT, SJIEKTPOHIBI THAPABIUKAIBIK OacKapy OJOTHI KOHE AJIEKTPOHIIBI
TEXHOJIOTUSUIIBIK OaKblIay OJIOTHI 0ap. By peTTe TeXHOMOTHSUIBIK YPAICTIH JCKTPOH/IBIK
MOHHUTOPUHT OJIOTHI alifiay YHFBIMAChIHAH IIBIFYAa OPHATBUIFaH METAJUl IIBIFBIHBI MEH
KOHIEHTPALUSICHI JATYUTTHEH CUTHAIIIAP aJTa]ibl, 0Jap ikl TIpKEYIIiHIH, IeITUPPATOPABIH
YKOHE TY3ETKIIITIH KOMETriMeH TYpJICHAIPE i, SICKTPOHABIK CUTHAIIAP THAPABIHKAIIBIK
CUTHAIIIApPFa TYPJICHAIPUIETIH KOHE aTKapyllbl 3JIeMEHTKE OepiJieTiH 3JIeKTPOH/IbIK-
TUIPABIIMKAJIBIK Oackapy OjorbiHa Oepemi. 3epTTEyliH MaKcaThl THPaBIHMKAIIBIK
COKKBI KYPBUIFBICBIHBIH OOIIICKTePiHIH KepHeyli AeopMannsiianFal KyWiH 3epTTey,
COH/Iali-aK OHBI YHFBIMAllapbl OYypFbUIAy Ke3iH/e T'eONIOTHSIIBIK Oapiay cayachlHaa
ofaH opi maiimamaHy Oonblll TaObUIAABI. [HIPaBIMKAJIBIK COKKbI KYPBUIFBICBIHBIH
OeumiekTepiniH KepHeyni jaedopmanusuianrad Kydin 3eprrey ymin ANSYS Explicit
Dynamics Moy naianaHbuiIbl, 07 Ta3a ChI3BIKTHI eMeC, alfHBIMAaJIbl JTHHAMHKAIBIK
KYKTeMeJlepre YiIblparaH OOBEeKTiIep YIIiH OTHeli YpIicTepIiH (pHU3uKaJbIK KOpiHICiH
Tangayra MyMKiHIik Oepeni. bepiktikke Tekcepy Mu3zec O0ibIHIIIA MAKCUMAIIBI KEPHEY
KpuTepuidiMeH xyprizinmai. Kpurepuiinep KanblnTacy SHEPTUSCHIHBIH TEOPHSICHI eIl
Te aranatbiH Muszec-Xenku (Mises-Hencky) teopusicbina Heriznenren. Hotnxecinae
TUJIPABIIMKAJIBIK COKKbI KYPBUIFBICHI 3JIEMEHTTEPIHIH OCpIKTIrT MEH KaTThLIBIFBI
KaMTaMachI3 eTiieai. HerypiibiM JKYKTEITeH COKKBI AJIEMEHTI VIIIH KayilcCi3mikK mieri
1,57 6omnuel, Oyt pykcar etinren mekrepae (1,5-2,0) opHanackas.

Tyiinai ce3mep. Kepueyni nedopmarusuianraH Kyd, THIPaBIUKAIBIK COKKBI
KYPBUIFBICHI, AIPLT MOAYJI1, aKbIPIIBI TOP, YHFBIMAJIap.Ibl OYpFbUIAY, KAayilCi3/IiK MIeri.
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HCCJIEJOBAHUE HATIPSI)KEHHO-JIE®OPMHUPOBAHHOI' O
COCTOSIHUS JIETAJIEM TUIPABJIMYECKOI'O YIAPHOI'O
YCTPOMCTBA

AnHoTanus. OQHOMN U3 BAKHEUIITNX MPOOJIEM, CTOSIIIMX IePE]l Fe0I0ropa3BeI0uHOM,
He(Tera3oBol M TOPHOAOOBIBAIOLICH NPOMBIIIJIEHHOCTBIO, SBJSIETCS IOBBILICHHE
IIPOM3BOANUTEIIFHOCTH M KayecTBa padOThl MCHOJIB3YEMOM TEXHUKH M TeXHOJIOruu. B
JaHHOW CTaTbeIPUBOASATCS PE3yIbTaTbl UCCIIeJ0BAHU HAIIPSKCHHO- 1€ (D OPMUPOBAHHOTO
cocrostaua (H/IC) neraneit ruppaBnndeckoro yaapHoro yctpoiictsa. Mcciemyemoe
YCTPOHCTBO UMEET MCTOYHHK HHU3KOYACTOTHBIX KOJICOaHWH B BUJE THIPABIMYECKOTO
BHOPALIMOHHOTO MOJTYJIsl, BKIIIOYAIOIINH 0a30BYI0 MAIINHY, NCIIOJTHUTEIHHBIN 2JIEMEHT,
EKTPOHHO-THUPABINYECKUN OJIOK yIpaBJICHUsI M IEKTPOHHBIH OJIOK MOHMTOPHHIA
TEXHOJIOTH4YecKoro mpomecca. Ilpu 3TOM 3IEKTPOHHBI OJOK MOHHMTOPHHIA
TEXHOJIOTUYECKOTO MPOLecca MOMydaeT CUTHAMBI OT JaTYMKa PAacXoa U KOHIIEHTPALUH
MeTallla, yCTaHOBJICHHOTO Ha BBIXOJE U3 OTKa4YMBAIOIIEH CKBAKUHBI, MPeoOpaszyeT ux
C TIOMOIIBIO PerucTpaTopa, Aeumdparopa 1 KOppeKropa, nepefaét ux B AIEKTPOHHO-
THAPABINYECKUI OJIOK YIIpaBlIeHHs, TJe SJIEKTPOHHBIE CUTHAJBI MpeolOpas3yroTcs B
IUIPABINYECKHE U NIEPEAAIOTCsl B UCIIOMHUTENbHBINA 3MeMeHT. Llenbio uccnenoBanus
sBisiercst uccnenoBanue HJIC-peraneld rufpaBIndyecKkoro yaapHOro yCTpPOMCTBa, a
TaKXke JaJbHelIIee UCTIONb30BaHUE €r0 B T€0I0TOPa3BeIOYHON OTpaciy Npu OypeHUH
ckBaxuH. /g nccnenosanus HJC-netaneit rupaBInueckoro yaapHOro ycTponcTBa
ucrionszoBan Momyinb ANSYS Explicit Dynamics, KOTOpblii JaeT BO3MOXKHOCTB
aHAJTM3UPOBATh (PU3NUYECKYI0O KapPTHHY OBICTPOTCUHBIX IPOIECCOB TSI OOBEKTOB,
MIOJBEPTaeMbIX CYry0Oo HEIMHEHHbIM, HEPEMEHHBIM JAMHAMUYECKHUM Harpy3Kam.
[loBepka Ha MPOYHOCTH MPOU3BOAMIACH KPUTEPHEM MAKCHMAJIBHOTO HANPSDKECHHS
nmo Musecy. Kputepun ocHoBbiBatoTCs Ha Teopun Mmuses-Xenku (Mises-Hencky),
TaKKe M3BECTHOW KakK TEOpHs YHEPruu GOpMOM3MEHEeHUs. B pesynbrate IpoYHOCTh H
YKECTKOCTh JIEMEHTOB T'HIPABINIECKOTO YIapHOTO yCTporcTBa obecnieueHa. J{ist 6onee
Harpy>kK€HHOTO 3JIEMEHTa — yJapHHUKa 3a1ac IPOYHOCTH COCTaBUA 1,57, 4TO HAXOMUTCS
B JOITyCTUMBIX Tipeaenax (1,5-2,0).

KitroueBble ciioBa: HanpspKeHHO-1e()OPMHUPOBAHHOE COCTOSIHUE, THIPABIMYECKOE
yAapHOE YCTPOWCTBO, BUOPALIMOHHBIA MOAYJb, KOHEUHO-3JIEMEHTHAsI CETKa, OypeHHe
CKBaXKHH, 3a11ac MPOYHOCTH.

Introduction. Scientific and technological progress in any industry in modern
conditions is practically impossible without a broad generalization of accumulated
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experience and in-depth scientific study of technological processes. Only on this basis,
it is possible to most effectively and quickly enough solve the issues of increasing
productivity, improving the quality of work, and reducing its cost. It is known that money
spent on prospecting does not give an immediate return, and often, when exploring
ultimately unprofitable fields, these funds are not recouped at all and do not return to the
national economy. Consequently, reduction of expenses on exploration services at the
expense of more profitable carrying out of research, and reduction of expenses per unit
of volume of prospecting works at an increase of quality taking into account their scales
has a great national economic value. Because a considerable share of these expenses
(up to 30 %) falls on the drilling of geological prospecting wells, one can imagine the
importance of the perfection of processes and, first of all, of technics and technology
of drilling (Dmitriev, 2008:216, Polufuntikova, et al., 2012:107, Kagarmanov, et al.,
2007:324, Muminov, et al., 2022a:5, Muminov, et al., 2021b:5). In this connection the
work aimed at the investigation of the stress-strain state of hydraulic percussion device
parts is actual.

Research materials and methods. The ANSYS Explicit Dynamics module was
used to investigate the stress-strain state during the interaction between a hydraulic
impactor and the ground. The study consists of several stages: selection of calculation
module; creation of a geometric model of the object under study; specifying properties
and material models; creation of finite-element mesh; setting contact conditions; setting
boundary conditions; setting up the solver; running the calculation; analysis of calculation
results. The ANSYS Explicit Dynamics non-linear dynamics software suite allows the
researcher to evaluate the effects of shock and another impulse loading of varying nature
on the designed objects, as well as to develop measures to improve their resistance to
these types of effects. To model the described physical phenomena in computational
analysis, such tasks require the use of specialized tools. It is well known that obtaining
the computational data to understand such complex processes is particularly important
when in-situ testing is too expensive or impossible. ANSY'S Explicit Dynamics makes it
possible to analyze the physical picture of high-speed processes for objects subjected to
inherently non-linear, variable dynamic loads (Denisov, 2014:77, Sherov, et al., 2021a:8,
Kadyrov, et al., 2021:9, Sherov, et al., 2017b:10,). A 3D model of the hydraulic impact
device was built in DesignModeler (DM) (figure 1).

1 - hydraulic impact device, 2 - platform, 3 — ground
Figure 1 - 3D model of a hydraulic impactor

263



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

DM is not much different from a CAD system, but it does have some special features.
DM is used to create a design model as close to the real model as possible. The hydraulic
impactor model is built as a set of bodies to create a more correct mesh and simplify
partitioning tasks. And also areas are cut out on the surfaces of the striker piston and front
cover to set the spring boundary conditions (Ivanov, 2016:56, Rakhimov, et al., 2021:9,
Dudak, et al., 2017a:8, Balgabekov, et al., 2014:3). At this stage, the material models
involved in the calculation of the hydraulic impact device are selected. The material
properties were set according to the selected material model. The material model was
selected from the model library, and soil (clay) was added to the library independently
by entering the mechanical material properties (E=50MPa, v=0.4) (Ivanov, 2016:56,
Dudak, et al., 2019b:12, Kassenov, et al., 2022:6, Mukanov, et al., 2019b:4).

A finite element mesh has been created for the whole computational model
(tetrahedral or hexahedral). It is common knowledge that the better the finite element
mesh is constructed, the more accurate and reliable the calculation result will be. For
this purpose, the finite-element mesh was milled (figure 2, b) in sections to improve the
calculation accuracy, taking into account the geometry features (figure 2, c) (Ivanov,
2016:56).

A

a) 0) 6)

a) device, b) striker piston, c) striker sleeve and disc
Figure 2 - Finite element grid of the hydraulic striker

Often, problem-solving requires the setting of contact conditions between interacting
objects. This introduces an additional non-linearity to the problem statement. In this
problem, the rear cap to sleeve, the striker to the piston, and the front cap to sleeve
have been bonded, which means that the two contacting objects are fully bonded and
work as one without separating them. This type of bonded contact is the default contact
between the contacting bodies and can be changed during problem definition. Besides
the bonded contact, there are contacts with friction, without friction, without separation,
and others. The main purpose of contact interaction modeling is to determine the contact
surface and the stresses at the point of contact (Ivanov, 2016:56, Zhunusbekova, et al.,
2016:4, Ganyukov, et al., 2018:12).

The kinematic relationship between the piston and the sleeve is modeled. Kinematic
coupling refers to the constraints on relative movements set for geometric objects.
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Unlike other coupling methods, this type of coupling is implemented using a special
element MRS184, which has a very wide range of options. The Workbench provides
special tools, grouped under the term Joints, for ease of simulation using this element.
To create the translational motion of the piston relative to the sleeve, two translational
(UY, UZ) and all rotational (ROTX, ROTY, ROTZ) degrees of freedom are linked for
all joints of supporting and moving parts. Thus, this type of coupling releases only the
axial movement along the X-axis (Figure 3) (Brujaka, et al., 2013:149).
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Figure 3 - Simulating the stroke of the striker piston

A Spring Joint is also used, which brings the 2 bodies together, restraining their
movement as if they were connected by a spring (Figure 4).
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Figure 4 - Setting the spring between the disc and the striker piston

We connected the disc to the front cover of the striker with six springs with a stiffness
of 1035.2 N/mm. The advantage of this kinematic coupling is reduced machine time for
the solution and convenient adjustment of the stiffness value (Brujaka, et al., 2013:149,
Baydjanov, et al., 2019:8, George, et al., 1984:333). A 3D model of the spring can also
be built in DM, however, it has several disadvantages: changing the stiffness requires
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rearrangement of the geometry, distortion from the original geometry when partitioning
into finite elements, and of course, leads to increased solver time. The boundary
conditions include boundary and initial conditions. At this stage, the type of solver
is selected: the solver for dynamic or stationary problems is selected, the number of
iterations, time steps, total calculation time, geometric linearity or non-linearity (small
or finite deformations), the direct or iterative solver is selected, etc. The resulting record
of the calculation is also configured (Ivanov, 2016:56).

Results. In the calculation startup phase, the number of cores used is adjusted,
calculation restart parameters and other characteristics are set. The strength verification
was carried out with the Mises maximum stress criterion. The criterion is based on the
Mises-Hencky theory, also known as the energy theory of deformation. And it coincides
with the IV criterion of strength theory. For the principal stresses 6, 6,, o, the Mises
stress is expressed as:

1
_ [(01—02)2+(02—03)2+(01—03)2] 2
OvonMises = 2 ?

where 6, 6,, G, - major stresses.

The theory states that a ductile material begins to fail at the point where the Mises
stress becomes equal to yield stress. In most cases, the yield stress is used as the ultimate
stress. However, the program allows the use of the tensile limit or to specify its ultimate
stress.

OvonMises = Olimit

The yield strength is a temperature-dependent property. The present yield strength
value must take into account the temperature of the component. The safety factor at this
point is calculated on a basis. Safety margin

Olimit
n=—
OyonMises

Checking the strength of the components of the hydraulic striker shows that the
highest stress occurs on the striker where the piston is in contact with the piston and is
225.47 MPa (see figure 6, a).
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R
e /]

a - striker; b - striker piston; ¢ - sleeve; d - rear striker cover; e - front striker cover; f - disc
Figure 6 - Maximum equivalent voltage by Mises of device parts

The next one in descending order of stress occurs of course at the very bottom of the
striker and amounted to 212.68 MPa (see Figure 6, b). At the sleeve element at the rear
cover contact with the striker, the stress assumed is 142.41 MPa (see Figure 6¢). There
is also an activity of stress change together with the rear cap contact (see figure 6, d).
From the impact of the striker through the spring system at the lip of the front cover, the
equivalent stress was 122.5 MPa (see Figure 6, ). During the impact of the impactor
with the disc surface, there was a concentration of equivalent stress inside the disc,
which was 130.26 MPa (see Figure 6, f).

Discussion. The ground deformation is 9.95 mm and varies linearly because the
material is specified by linear mechanical characteristics. The safety margin of the
striker is:
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n=o, . /0 =355/225.47=1.57,

limit vonMises

where 6, . = =355 MPa — yield strength of steel 45.

Thus, the strength and stiffness of the hydraulic impactor elements and the ground,
in general, are ensured. For the more loaded element - the striker, the safety margin is
1.57, which is within the permissible range (1.5-2.0).

Conclusions. A study of the stress-strain state during the interaction between a
hydraulic impactor and the ground has been carried out using the ANSYS Explicit
Dynamics module. To create a more correct grid and simplify partitioning problems,
the model of a hydraulic impactor is constructed as a set of bodies. In the computational
scheme instead of a 3D spring model the Spring Joint was used, which does not require
breaking into a finite element, thus reducing the time required to solve the problem. The
strength verification was performed by the maximum strength criterion of Mises, which
coincides with the IV theory of strength. In general, the strength and stiffness of the
hydraulic impact device elements and the ground as a whole are ensured. For the more
loaded element - the striker, the safety margin was 1.57, which is within the permissible
range (1.5-2.0).
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