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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
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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I'naBHBIii penaxkTop

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

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© 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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R.S. Ibrahimov'’, A.A. Quliyev', A.K. Abasov!, Sh.O. Bahshaliyeva',
A.V. Sharifova', Z.R. Ibrahimov?

'Azerbaijan State Oil and Industrial University, Baku, Azerbaijan;
*Company «Baker Hughes», Baku, Azerbaijan.
E-mail: rafig.ibrahimov(@yahoo.com

STRENGTHENING OF THE WORKING SURFACE OF THE ROD
CLUTCH OF A DEEP PUMP UNIT OPERATING IN VARIOUS
OPERATING CONDITIONS

Abstract. The article discusses the methods of chemical-thermal treatment
of increased hardness of the coupling surface to the level of the nitride layer.
The wear resistance was studied under various operating conditions in the
environment of triethanolamine when heated by high-frequency currents. It was
determined that the couplings strengthened by nitrocarburizing were practically
not subjected to corrosion. The conducted studies give grounds to recommend
the selected hardening technology for further extensive industrial testing and
implementation in machine-building production. In the operation of wells with
downhole pumping units, in many cases, the cause of failures is the insufficient
reliability of the rod strings. At the same time, 61% of the total number of failures
are due to couplings, and 39% - to the rod body. Couplings that serve to connect
the pump rods to each other play no less a role in the performance of the rod string
than the rods themselves. Indeed, from the point of view of oil losses caused by a
well shut-in, it is completely indifferent whether a failure occurs in the rod or the
sleeve. Therefore, the choice of material. It is shown that for the correct choice
of the material from which the couplings will be made, it is necessary to consider
the conditions in which they operate. First of all, you should keep in mind the
forces that act on the clutch. These forces differ from those acting on the rod in
that the rod is mainly subjected to tensile variable forces, while the coupling is
also subjected to compressive forces.

Key words: installations, rod coupling, steel, hardening, hardening, triethano-
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lamine, nitrocarburizing, induction heating, hardness, wear, wear resistance,
weight loss techhnology for the manufacture of couplings should be made as
carefully as the rods.

P.C. U6paxumoB'’, A.A. KyiueB!, A.K. Adacos!, I11.0. Baxma/juesa',
A.B. lllapudosa’, 3.P. U6paxumos

'O3ipbaiikan MemiekerTik MyHait xone MHaycTprasibl YHUBEPCUTETI,
baky, O3ipbaiixkaH;
2«Baker Hughes» xommnanusicel, baky, O3ip0aiikaH.
E-mail: rafig.ibrahimov(@yahoo.com

OPTYPII NAUJAJIAHY KAFJAHJIAPBIHIA ’KYMBIC
ICTEMTIH TEPEH COPFbI ATPETATBIHBIH IIITOK
MY®TACBIHBIH )K¥MbIC BETIH HbIFAUTY

AHHOTanus. Makanazna KOCbUIbIC OETIHIH >KOFapbl KAaTTbUIBIFBIH HHUTPH]
KabaThel JIeHreiine JeiH XUMUSUIBIK-TEPMUSIIBIK OHJIEY OICTEPl KapacThIPhI-
nanpl. Tozyra TO3IMALIIK KOFapbl )KUUITIKTI TOKTAPMEH KbI3FaH Ke3/1€ TPUAITAHO-
JAMUH OPTAChIHIA SPTYPIIi KYMBIC KaFdaimapeiHaa 3epTrenai. Hurpo kemip-
TEeT1 apKbUIbI KYIIEHTIITeH MydTanap ic Ky3iHIe KOppO3MsFa YIIbIpaMaraHbl
aHbIKTaIBL. JKypri3iires 3eprreysaep o/laH opi KeH OHEPKACIITIK TeCTLIeY )KoHe
MallliHa jKacay eHMAIpICiHEe €Hri3y YIIIH TaHJaJfaH KaTaUTy TEXHOJIOTUSCBHIH
YCBIHYFa Heri3 Oepeli. ¥ HFbIMAJIbIK COPFbI KOHJBIPFBIIAPHI 0ap YHFbIMAap/Ibl
naiifanany KesiHJe KeNTereH >Karjaiiapaa axaynapiablH ce0eOl IITaHrajibIK
OaraHIapAbIH JKETKUIIKCI3 CeHIMAUIIri Oomnbim TaObu1agbl. COHBIMEH Karap
ICTEH HIBIFYJIAap/IbIH KaJIbl CaHBIHBIH 61% - bI MydTanapra, an 39% - bl ITOK
KopirychiHa keneni. Coprbl MTaHTAIAPBIH O1p-OipiHE JKalFayFa KbI3MET €TETIH
MydTasiap mTaHrajgap OaraHbIHBIH KYMBICBIHJA ©3€KTEpre KaparaHaa a3 pel
arkapanpl. LIbIHBIHIA 12, YHFBIMAHBIH TOKTAll KalybIHAH TYBIHIAFaH MyHai
IIBIFBIHBI TYPFBICBIHAH, IITAHTAHBIH HEMECE JKEHHIH I1CTEH LIBIFYBl MYJIEM
Oeli-kait kapamaiiapl. COHOBIKTaH My(Tanap *KacanaTblH MaTepUasIbl TYPBIC
TaH/1ay YIIH OJIapAbIH XKYMBIC ICTEY KaFdaiJapblH eCKepy KaXeT eKeHIIT1 Kep-
cerinred. EH anjpiMeH, UTIHICYTe acep €TeTiH KYLITEp/ll ecTe ycTay KakeT. by
KYILITEP ©3€KKE dCep €TETiH KYIITEPACH epeKIIeIeHe i, OUTKeHI ©3€K HeTi3iHeH
CO3BUIATBIH aybICIabl KYLITEPre YIIbIpaiipl, al MygTanap Aa KblCy KyIITEpiHe
VIIBIpAAIbI.

Tyiiin ce3mep: KOHIBIPFBUIAP, ITAHTAIBIK MydTangap, 0oiar, KaTauTy, TpH-
ATaHOJIAMHUH, HUTPO KOMIPTET1, MHAYKIIUSUIBIK KbI3/IbIPY, KATTBUIBIK, TO3Y, TO3YFa
TO3IMUIIK, CaJIMaK >KOFalNTy My(Tanapjabl )acay TEXHOJOTHUSCHI IIBIOBIKTap
CHSIKTBI MYKHST JKacaTybl KEpeK.
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P.C. UoparumoB'’, A.A. I'yaues!, A.K. Adacos', 111.0. baxmajuesa’,
A.B. lllapudosa', 3.P. U6parumos>

'Aszepbaiimkanckuii [ocynapcTeennsiii Yauepcurer Hedru u
[Tpomeiiennocty, baky, AzepOaiinxkaHn;
“Kommanus «beiikep Xbto3», baky, AzepOaiipkaH.
E-mail: rafig.ibrahimov(@yahoo.com

YIIPOUHEHUE PABOYEW ITOBEPXHOCTH IITAHTOBOM
MY®TbI LTYBUHHO-HACOCHOM YCTAHOBKH, PAGOTAIOIIEN
B PA3JIMYHBIX YCJIOBUAX SKCIIJIYATAIUN

AHHoTanus. B crarbe paccCMOTPEHBI METOABl XHMHKO-TEPMHUYECKON 00pa-
OOTKHM TIOBBIIIICHHON TBEPAOCTH TOBEPXHOCTH MY(THI IO YPOBHS a30THPYEMOTO
cnos. M3ydeHa M3HOCOYCTOMYMBOCTH B PA3JMYHBIX YCIOBHSX JKCIUTyaTaluu
B Cpelle TpUATAHOJIAMHHA TIPH HArpeBe TOKaMH BBICOKOW 4acToThl. Ormpeje-
JICHO, YTO YIPOYHEHHBIC HUTPOILIEMEHTAIIUEH My ThI TPAKTUYECKH HE MOABEP-
ranuch Koppos3uu. [IpoBereHHbIE HCCIEAOBAHUS JAalOT OCHOBAHHME PEKOMEH-
JIOBaTh BBIOPAHHYIO TEXHOJOTHIO YNPOYHEHHS IS JAIbHEUIINX IIMPOKUX
MIPOMBIIIUICHHBIX HCTBITAHUNA M BHEJIPEHUS B MAIIMHOCTPOUTEIHHOM MPOU3-
BozacTBe. [Ipm sKcrmyaranuM CKBaXKMH TITYOMHHO-HACOCHBIMU YCTaHOBKaMU
BO MHOTHUX CIIy4asX MPUIMHOW OTKA30B SIBIISIETCS HEJOCTATOYHAS HAJICKHOCTH
IITAHTOBBIX KOJOHH. [Ipu 3TOM 61% OT 001IIer0 Yncia 0TKa30B MPUXOAUTCS Ha
nomto mydt, a 39 % — Ha Teno mranru. MyQTsl, ciyKanie s COSIUHEHHUS
HACOCHBIX IITAHT MEXIY COOOW, UrparT B PabOTOCIOCOOHOCTH IITAHTOBOM
KOJIOHHBI HE€ MEHBUIYIO pOJib, YeM CaMH INTaHTH. JIeHCTBUTENBHO, C TOYKHU
3peHusi TOTeph He(TH, BBI3BAHHBIX OCTAHOBKOW CKBa)XHHBI, COBEPIICHHO
0e3pa3InyHO, MPOU30UIET JIU MOJIOMKA B 1ITaHre uiu mydre. [lostomy BeIOOp
MaTepuania U TEXHOJOTUH U3TOTOBJIECHUS MY(DT JAOHKEH MPOU3BOAUTHCS TAKKE
TIIATENLHO, KaK M IIITAHT.

[Tokazano, 4TO AJiA MPaBHJIBHOTO BBIOOpA Marepualsia, U3 KOTOPOro OyayT
W3TOTOBIIEHBI MY(TBI, CIIEYET PACCMOTPETH YCIOBHS, B KOTOPHIX OHU PabOTAIOT.
[Ipexne Bcero, cieayer UMeTh B BUAY YCWIHS, KOTOPBIE ACHCTBYIOT Ha My(TYy.
OTU yCWIWs OTIMYAIOTCS OT JEHCTBYIONIMX HA INTAaHTy TEM, YTO INTAHra B
OCHOBHOM TIOJIBEPTaeTCsl JCHUCTBUIO PACTIATUBAIONINX MEPEMEHHBIX YCHINN, B
TO BpeMs Kak My(Ta IMoABEpraeTcs IeHCTBUIO M COKMMAIOIIUX YCHITHH.

KiroueBble cjioBa: yCTaHOBKHM, INITaHroBas My(dTa, CTajdb, yYIPOYHCHHE,
3aKajka, TPUATAHOJIAMHUH, HUTPOLEMEHTALMs, UHAYKIMOHHBIM Harpes, TBEp-
JOCTh, U3HOC, U3HOCOYCTOMYMBOCTD, IOTEPSI MACCHI.
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Introduction. The considered circumstances were used in conducting
research on the choice of the optimal method of hardening the surface of the rod
coupling of a deep-pumping unit operating in various operating conditions.

Oil engineering occupies one of the most important places in the socio-
economic development of the country. However, its reliable operation, high
quality and competitiveness of products on the international market can be
ensured by design and technological solutions tested experimentally at various
stages of their creation. The quality and reliability of the equipment is largely
determined by the quality of the parts and components of the equipment. The
quality and reliability of the equipment is largely determined by the quality of
the parts and components of the equipment. The conducted static analysis shows
that almost 85% of machines fail due to wear of the rubbing elements, which
disrupts the normal operation of machines and aggregates. Premature failures
of machinery and equipment leads to environmental damage and environmental
pollution as a result of the release of oil, gas and washing liquids (Babaeyv,
2003:562)

The operating experience of the SSHNU shows that failures of gearboxes of
rocking machines, the converting mechanism of the column of rods and tubing,
the borehole pump and other elements occur mainly as a result of the ingress
of abrasive particles into the gaps between the rubbing surfaces. Traces of
mechanical wear are detected. The performance of the SSNU is also significantly
reduced as a result of wear and tear of the rod couplings. In order to study and
establish the degree of failures of the column of rods during operation for various
reasons (wear, metal fatigue, lapel, etc.), statistical field data were collected and
analyzed. Increasing of wear resistance and strength of downhole pumping rods
and its coupling was carried out by various methods, and the most effective
ways to improve their performance were selected. According to the field data,
more than 20 thousand pump rods of borehole that have worked for 25 years in
153 corrosive wells, OGPD by. A. Amirov “Azneft”, a comparative analysis of
failures of three standard sizes of rods with diameters of 19.22 and 25 mm was
carried out When operating wells with downhole pumping units, in many cases,
the cause of failures is the insufficient reliability of rod strings. At the same
time, 61% of the total number of failures are due to couplings, and 39% - to the
rod body. The couplings use to connect the pump rods to each other. Indeed,
from the point of view of oil losses caused by a well shut-in, it does not matter
at all whether a failure occurs in the rod or the sleeve. Therefore, the choice
of material and technology for the manufacture of couplings must be made as
carefully as the rods.

Research materials and methods. For correct choice of the material from
which the couplings will be made, it is necessary to consider the conditions
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work environment. First of all, it should be borne in mind the forces that act
on the coupling. These forces differ from those acting on the rod in that the rod
is mainly exposed to the action of tensile variable forces, while the coupling is
also exposed to compressive forces (Janakhmedov, (1996:326). In addition, the
safety margin of the couplings exceeds the safety margin of the rods (especially
in couplings without bald). This difference determines the possibility of using
simple type 35 and 40 steels for couplings.

However, the presence of curved and inclined (directional) wells raised the
question of using a harder material that would have sufficient wear resistance.
The use of destruction of any steel without heat treatment to combat this type
makes no sense, at the same time, the use of conventional hardening would
lead simultaneously with an increase in hardness to a sharp decrease in plastic
properties — to brittleness (Mustafayev, 2010: 678).

Therefore, it was proposed to use cemented steel, which makes it possible
to obtain a coupling with a hard surface (after cementation, quenching and
tempering) and a viscous core that prevents brittle destruction of the couplings.

In the USA, couplings made of 15NM grade steel, subjected to cementation,
quenching and tempering, have become particularly widespread. This grade of
steel, due to the presence of molybdenum, allows for single quenching after
cementation instead of double quenching and, in addition, the transition zone
from the carbonized layer to the non-carbonized one turns out to be especially
smooth.

Thus, couplings made of this steel, after appropriate chemical and thermal
treatment (cementation), acquire the strength and hardness they need while
maintaining maximum viscosity. However, taking into account the scarcity of
nickel and especially molybdenum, we solved this issue somewhat differently:
for the manufacture of couplings, grade 40 carbon steel was used with subsequent
treatment of its surface with high-frequency currents (Mustafaev, 1990:3).

As a result, deficient impurities are saved, and the necessary heat treatment
is carried out in a very short time. At the same time, not only the time required
for the manufacture of a coupling with a hard surface is saved, but also the
production area and labor force.

Results. Research methodology. In the practice of operation, there are cases
when the environment in which the rod column operates is particularly corrosive.
The result of such an environment is shown in Fig.1.

Here it is clearly visible that not only the rods, but also the couplings hardened
by high-frequency currents were subjected to sharp corrosion, and there is a kind
of “eating up” of the hardened layer.
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In this situation would be useful to use non-hardened couplings grade 40, coated with
copper and zinc (Fig. 2) by the thermal diffusion method.

Fig.1.Pronounced corrosion of couplings (service life 1.5-2 months).

- ol v

Fig.2. Mixed structure couplings are not hardened grade 40, copper-plated.
The main dimensions of the rods and couplings must correspond to Fig.3 and Table 1.

rod head rod head

e e
TP

gt

g

Fig.3.Designation of the pumping rod with a size of 19 mm - the pumping rod 19N618-52.

Table 1

Dimensions and limit deviations, mm Weight, kg

rods Coupling couplings o0
E, Diameter d Length L Diameter D |Length L, é’n §
& E S8

HP* [o* |Hp |[IIO |HP |TIO |HO 1P
16 16 34% 70 12,93 0,398
19 19 42 80 18,29 0,545

+0,4 | 8000 |[+80 +0,4 +1,0

22 |22 -0,5 -120 |46 80 24,50 0,64
25 |25 55 100 31,65 1,15
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Fig.4. Rod couplings

Study of hardening by heat treatment. In fishing practice, it is of great
importance to prevent accidents with rod columns due to wear of the connecting
couplings and, much less often, the rods themselves. The wear of the body of the
rods most often occurs after the wear of the couplings, and only in rare cases,
with a large curvature of the well, the body of the rod can wear out earlier or
simultaneously with the couplings.

The wear of the couplings leads to the loss of oil due to the downtime of
the well during the change of couplings, pipe wear and overspending of rods
(Chernysh, 1991:3).

Fig.5. Wear of “raw” non-hot couplings in a curved well (duration of operation - 5 days).

In order to combat the wear of pumping rods and couplings, studies of
couplings with a hard grinding surface, wooden and roller guides for rods
(replacement of sliding friction by rolling friction) were carried out in the AzNII
DN (Mustafaev,1990:3).

In accordance with the accepted studies, devices have been developed, the
description of which is given below.

The hard surface of the hot-tempered couplings can be obtained in two ways:

1) by cementation followed by quenching, provided that the couplings are
made of alloy cemented steel;

2) by surface quenching with high frequency currents, even if the couplings
are made (as is being done now) of simple carbon steel grade 40.

In order to study the reduction in the cost of couplings with a hard surface, as
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well as saving alloy steels, studies were conducted on couplings made of carbon
steel grade 40, which were hardened by high frequency currents. The depth of

the hot layer is 2-3 mm.

Due to the fact that the presence of turnkey bald patches leads to an uneven
thickness of the hardened layer, hardening was carried out with belts (Fig.5). The
hardness distribution can be seen from Fig.6 and Table 2.

Fig.6. Couplings hardened from the surface by belts using high frequency currents

Table 2

The results of hardness measurements of hot-belted couplings

Ne Point | Hardness HRC Ne Point | Hardness HRC
coupling Nel coupling Ne2 coupling Nel coupling Ne2
1 31,5 26,0 11 15,5 15,5
2 42,0 23,5 12 14,5 18,5
3 42,0 28,0 13 17,0 20,0
4 44,0 26,0 14 19,5 29,0
5 44,0 28,0 15 30,0 30,5
6 37,0 28,0 16 41,5 39,0
7 26,0 20,0 17 40,0 43,0
8 16,0 18,0 18 36,0 33,0
9 17,0 14,0 19 35,0 -
10 15,0 16,5 20 38,0 -
mufta N1 muftaN2
S | | !
| ﬂﬁ b
I 4 '5 (3
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[ ———

\"\Lz"

=

;L' fﬁl?_u
‘ha‘ﬁnfss R

h
%30‘&050

Fig.7. HRC hardness distribution along the length of the coupling hardened by belts
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Table 3
Mark | Hardness, Weight, g Wear and | Coupling diameter, mm | Wear
HB Before the | Afterthe | tear, % | Before |Afterthe test| depth,
test test the test mm
Couplings installed by the smooth part
1 163 548 471,0 12,22 44,5 40,50 4,00
2 170 555 501,5 8,83 44,5 41,40 3,00
3 163 549 480,0 12,57 44,5 40,60 3,90
4 170 550 467,0 15,10 44,5 39,80 4,70
5 149 537 473,0 11,90 44,5 39,90 4,60
6 156 537 452,0 15,83 44,8 38,85 5,95
Average wear 12,74 4,37
Couplings installed with lashes
7 140 560 4340 22,48 44,4 37,90 6,50
8 143 567 469,0 17,12 44,5 39,00 5,50
9 159 572 473,0 17,30 44,8 38,70 6,10
10 163 547 455,0 16,85 44,5 38,75 5,75
Average wear 18,44 5,95

It can be seen from Tables 4 and 5 that the percentage of wear determined by
the weight loss of raw couplings, compared with couplings, rock belts, is greater:

When worn on the smooth part by 12.74/3.1 = 4.16 times;

When worn on the side with patches in 18.44/2.61 = 6.7 times;

Table 4
Mark | Hardness Weight, g Wear and | Coupling diameter, mm | Wear
HRC Before the | After the| tear, % | Before the | Afterthe | depth,
test test test test mm
Couplings installed by the smooth part
12 45-46 545,5 536,0 1,75 44,5 48,5 1,0
13 37-44 558.,9 540,0 3,30 44,6 42,8 1,8
14 43-45 553,0 544,0 1,63 44,5 43,8 0,7
15 32-51 524,0 518,0 1,15 43,8 43,3 0,5
16 42-51 559,0 520,0 6,60 44,6 41,9 2,7
20 38-45 551,0 527,5 4,26 44,6 43,0 1,6
Average wear 3,10 1,38
Couplings installed with lashes
11 48-49 561,0 547,0 2,50 44,8 42,5 23
17 49-52 547,0 540,0 1,28 44,5 43,6 0,9
18 51-52 542,0 525,0 3,14 44,1 41,6 2,5
19 51-46 554,0 534,0 3,50 44,4 42,0 2,4
Average wear 2,61 2,02
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The wear of the couplings, determined by the thickness of the worn layer, also
characterizes the greater wear resistance of the wheel couplings, namely:

With wear on the smooth part by 4.37 / 1.38 = 3.17 times;

When worn on the side with patches in 5.95/2.02 = 2.95 times;

The average wear resistance of the couplings, hot belts, compared with the raw
couplings, measured by weight loss, is an increase of 5 times, and the thickness
of the worn layer is 3 times.

It can be seen from Tables 4 and 6 that the percentage of wear determined
by the weight loss of raw couplings, compared with couplings, heated over the
entire surface, is greater:

With wear on the smooth part in 12.9 /0.51 = 25.3 times;

With wear on the side with patches of 17.5/1.13 = 15.5 times;

Table 5
Mark | Hardness Weight, g Wear | Coupling diameter, mm | Wear
HRC Before the | After the test | and tear, | Before the | After the | depth,
test % test test mm
Couplings installed by the smooth part
21 30,35,39 | 551 548 0,55 44,5 44,2 0,3
22 33,36,40 | 550 548 0,36 44,5 44,3 0,2
23 44,4547 |552,5 550 0,45 44,5 44,4 0,1
24 33,40,45 | 557 555 0,35 44,5 44,4 0,1
25 22,38,45 |550 547 0,55 44,5 44,4 0,1
26 28,31,37 |550 546 0,80 44,5 44,0 0,5
Average wear 0,51 0,22
Couplings installed with lashes
12 34,43,49 |532 526 1,13 44,5 43,2 1,3
13 37,42,50 | 535 526 1,68 44,5 43,2 1,3
14 31,52,54 |540 534 1,11 44,5 43,2 1,3
15 48,50,52 513 50 0,59 44.8 43,2 0,6
Average wear 1,13 1,13

The wear of the couplings, determined by the thickness of the worn layer, also
showed greater wear resistance of the wheel couplings entirely, namely:

With wear on the smooth part by 4.37 /0.22 = 19.9 times;

With wear on the side with patches of 5.95/1.13 = 5.3 times;

The average wear resistance of the couplings, heated over the entire surface,
compared with raw couplings, measured by weight loss, is an increase of 20
times, by the thickness of the worn layer - 13 times.

The testing of roller guides, carried out according to the accepted methodology,
did not give noticeable wear of either the trunnions of the rollers or the housing
sockets. In addition, we tested roller guides at an accepted load of 50 kg in water,
but within 24 hours. Such a test also did not give noticeable wear.
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Testing of wooden guides under selected test conditions showed unacceptable
wear at 30 minutes of operation.
The results of laboratory tests of couplings are summarized in Table 6.

Table 6
Types of couplings Wear resistance
By weight By thickness of the worn layer
Couplings raw 1 1
Couplings, red-hot belts 5 3
Couplings, red-hot over the entire surface |20 13

Failures on couplings occur mainly as a result of their wear. At the same time,
rod couplings in slightly curved wells have characteristic signs of corrosion-
mechanical wear: the surfaces are mostly free of scratches and breakouts, and
in some cases with areas of corrosion. However, when operating inclined and
curved wells, the rod couplings are subjected to significant wear, leading to the
breakage of the column of rods.

The steam rod coupling - pipe is a slow-moving unit, the nature of the loading
of which depends on the nature of the slope (curvature) of the well. During the
reciprocating motion of the rod column, along with the sliding friction of the rod
coupling -pipe pair, shocks occur at the joints of the connections of the tubing
(“edge effect”) (Quliyev, 2006) Issues of improving surface reinforcement
processes. AATMX, N6 (46), Baku, (in Azerbaycan). Although the rod coupling
is also exposed to abrasive particles present in the moving fluid, however, in this
case, abrasive wear due to the low speed of fluid movement, apparently, cannot
play a significant role.

The wear process of the rod coupling, which occurs under the conditions
of a bully, is significantly influenced by the load, sliding speed, roughness of
the contacting surfaces, materials of the friction pair, temperature, physical and
mechanical characteristics of the medium, etc. It is particularly necessary to
highlight the influence of the method of hardening the surface of the contacting
bodies from the point of view of the formation of a metal structure that is extreme
pressure under these conditions.

The existence of direct contact of bodies in slow-moving friction nodes
increases the likelihood of micro- and macro-jamming. The main factors leading
to jamming in this case are the increased wear of the protective surface layers of
the parts, plastic deformation and the likelihood of hardening setting points in
contact. Physicochemical characteristics and the level of mechanical properties of
materials, methods of hardening technology, lubricating properties of lubricants
that provide shielding of surfaces and the recoverability of protective layers have
a significant impact on the load-bearing capacity for jamming at low speeds.
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Study of hardening by chemical-thermal treatment. The considered
circumstances were used in carrying out the rod coupling investigated by
choosing the optimal method of hardening.

The paper (Raskatov,1980: 511) presents the results of laboratory studies
on the structure and microhardness of 40, 40X, 38X2MYA steels hardened by
nitro cementation in a triethanolamine medium under induction heating by high-
frequency currents, single-phase and two-phase boration and borochromation.

High wear resistance in various operating conditions is provided by
nitrocementation in a triethanolamine medium when heated by high frequency
currents. It increases the hardness on the surface of the products factually to
the level of hardness of the nitrided layer, resistance to abrasive wear, provides
good workability and high wear resistance. As a rule, a brittle layer containing
an excess e-phase is not formed on the surface of the product. The layer also has
corrosion resistance, which allows the method to be used instead of nitriding. The
possibility of obtaining a high hardness of the subsurface layer is also important,
which ensures that the thin reinforced layer is not forced through. Good efficiency
of nitro cementation in triethanolamine medium when heated by high frequency
currents was obtained for 38X2MYA steel. Sufficiently high results are also
available when hardening 40 and 40X steels. Studies by B.M.Bodyanka et al.
(Bodanka, 1986) show that such treatment of 40 and 40X steels is almost 3 times
higher than wear resistance compared to surface hardening of HDPE.

Based on these considerations, nitrocementation in triethanolamine medium
during induction heating by high frequency currents was chosen to strengthen
the rod coupling of the deep-pumping unit. This method provides for steel 40
microhardness H100 746 with its high wear resistance in the extreme conditions
considered above. Considering that this method of hardening can be fully
automated and fits into the existing technological process of manufacturing rod
couplings, its use can give a high effect (Akhmedov, 1977:4).

Table 7
The results of field testing of rod couplings strengthened by the proposed
technology
Coupling weight, g Weight loss, g | Relative weight loss, g
before the test after the test
630,300 628,300 2,0 0,32
640,160 638,500 1,6 0,25
629,200 624,100 5,1 0,81
638,000 623,500 14,5 2,28
638,100 627,200 10,9 1,71
639,200 638,500 0,7 0,11
633,700 626,700 6,0 0,95
640,300 639,500 0,8 0,12
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Table 8
Results of field tests of control serial rod couplings

Coupling weight, g Weight loss, g Relative weight loss, g
before the test after the test

627,500 618,500 9,0 1,43

615,300 609,500 5,8 0,94

628,500 618,500 10,0 1,59

628,400 623,100 5,3 0,84

627,200 619,600 7,6 1,21

613,900 609,500 4,4 0,72

620,700 616,100 4,6 0,74

629,800 606,000 23,8 3,78

615,100 597,500 17,6 2,86

622,700 608,500 14,2 2,28

It was decided to manufacture a batch of rod couplings of the deep-pumping
unit from standard steel 40, hardened according to the selected nitrocementation
technology, and conduct their comparative testing in field conditions. When
mounted in a rod column, the hardened couplings alternated with serial ones
that had undergone surface hardening of HDPE, and were lowered into the well
2419 NGDU “Kirovneft”. The depth of the downhole is 579 m, the well is often
repaired, including due to the breakage of the rod column.

After 33 days of operation, when the well was stopped for pump repairs,
experimental and control serial couplings were extracted. Both groups of
couplings were weighed after washing and drying. The absolute and relative
weight loss (wear) of each coupling separately, each group of couplings and the
average weight loss of one coupling for each group are determined. The results
are shown in table 9.

Table 9
Group of rod Number of | Total weight of the group, g | Weight loss, g | Average mass
pumps couplings in | Before the test | After the test loss of one
the group coupling, g
Reinforced with |8 5084,9 5047,3 41,6 5,2
nitrocementation
serial 10 6229,1 6125,8 102,3 10,23

An analysis of the data in the tables shows that the group of rod couplings
hardened by nitrocarburizing in a triethanolamine medium during induction
heating of high-frequency couplings had wear almost 2 times less than the group of
control serial couplings (5.2 and 10.23 g, respectively). Visual observation shows
that the couplings hardened by nitrocarburizing were practically not subjected to
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corrosion, while serial couplings had noticeable signs of it (Kozlovsky, 1977:5).
The surface condition of the coupling shows that catastrophically fast wear could
be expected for serial couplings during further operation. Conducted studies give
support to recommend the selected hardening technology for further extensive
industrial testing and implementation in machine-building production.

Conclusion. Operating experience shows that correctly selected material
which the coupling will be made, consideration should be given to the conditions
in which it operates.

2. Average wear resistance of hardened belt couplings, compared with raw
couplings, measured by weight loss increasing of 1 time, and increasing of the
worn layer - 3 times.

3. The process of the rod coupling, which occurs under scuffing conditions
significantly affected by the load, sliding speed, roughness of the contacting
surfaces, friction pairs in terms of the formation of an anti-seize metal structure
under these conditions.

4. The absolute and relative loss of mass (wear) of each coupling separately
and the averaging of the loss of mass of one coupling and hardened by
nitrocarburizing in triethanolamine medium during induction heating of high
frequency is 2 times less.

5. Determined that studies give support to recommend the selected hardening
technology for further extensive industrial testing and implementation in
machine-building production.
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