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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 xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
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

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UuctuTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaej0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslit npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28
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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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© V.V. Gerasidi'", R.G. Dubrovin', V.V. Kukartsev>*, T.A. Panfilova‘, G.V. Stas®, 2024
'Admiral Ushakov Maritime State University, Krasnodar region, Novorossiysk, Russia;
“Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia;

’Bauman Moscow State Technical University, Moscow, Russia;
“Siberian Federal University, Krasnoyarsk, Russia;
STula State University, Tula, Russia.
E-mail: gerasidivv@yandex.ru

BOOST SYSTEM DIAGNOSTIC PARAMETERS OF COHERENT GAS PISTON
INSTALLATIONS OF MINING ENTERPRISES

Aleksey V. Lisachenko — lecturer, Admiral F.F. Ushakov State Maritime University, Novorossiysk, Russia

E-mail: alexx liss@yandex.ru, https://orcid.org/0009-0007-9537-3692;
Ruslan G. Dubrovin — Cand. Tech. Sc., Associate Professor, Admiral F.F. Ushakov State Maritime University,
Novorossiysk, Russia

E-mail: r.g.dubrovin@yandex.ru, https://orcid.org/0000-0001-7316-8072;
Vladislav V. Kukartsev — Cand. Tech. Sc., Associate Professor, Reshetnev Siberian State University of Sci-
ence and Technology, Krasnoyarsk, Russia; Bauman Moscow State Technical University, Moscow, Russia

E-mail: vlad saa 2000@mail.ru, https://orcid.org/ 0000-0001-6382-1736;

Tatyana A. Panfilova — Candidate tech. Sciences, Associate Professor, Siberian Federal University, Kras-
noyarsk, Russia

E-mail: tpanfilova@sfu-kras.ru, https://orcid.org/0009-0003-9537-8128;
Stas Galina Viktorovna — doctor of technical sciences, professor, Tula State University, 300012, Russia
E-mail: galina_stas@mail.ru, https://orcid.org/0000-0003-1604-1467.

Abstract. The article provides an analysis of the control of parameters and techni-
cal operation of KGU (coherent gas piston installations) of mining enterprises in the coun-
try. Due to the harsh operating conditions and the high level of dynamic load in mountainous
conditions, most of the fuel system and boost system elements are used. The purpose of the
work is to substantiate the method of assessing the technical condition of turbochargers
of mining engines based on the control of vibration parameters in operation. The work re-
vealed that there are no regulatory documents for monitoring the technical condition of the
vibration parameters of a TC with a rotor rotation frequency of more than p > 30+10° min™'
mining engines. The paper proves the need to develop a control technique that would estab-
lish vibration levels not only for the TC, but also for the engine, the KGU generator, taking
into account the coefficient of operation in mountainous conditions. The paper presents
some test results of the installation at the facility of operation, an assessment of its technical
condition was carried out, taking into account the coefficient of operation in a quarry.

Keywords: mining enterprise, gas pumping unit; gas turbine unit; parametric diag-
nostics; technical condition
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> H.E. bayman atsianaret MTY, Mackey, Peceii;
4 Cibip denepanasl yausepcureti, Kpacnosipck, Peceii;
> TynanblK MeMJICKETTiK yHUBepcuTeTi, Tyna, Peceii.
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MMAPAMETPJIEPI

Jlucauenko Anexceii Bragnmupona — okprrymsl, aqvupan ©.@. Ymakos ateigarsl Memekertik Teri3
yauBepcuteti, HoBopoccwuiick, Peceit

E-mail: alexx.liss@yandex.ru, https://orcid.org/0009-0007-9537-3692;

Jyoposun Pycian 'enHagbeBHY — T.F.K., JOIEHT, aamupan O.d. Yirakos ateianarsl MemekerTik TeHi3
yauBepcuteti, HoBopoccwuiick, Peceit

E-mail: r.g.dubrovin@yandex.ru, https://orcid.org/0000-0001-7316-8072;

KykapueB Baagmcnap BukropoBuu — TF.K., JoueHT, akagemuk M.D. PemetneB atbimarsl Cibip
MeMJIeKeTTiK FBUTBIM jkoHe TexHosorHsap yHuBepceureti, KpacHosipek, Peceit; H.E. bayman arsranarst MTY,
Mackey, Peceit

E-mail: vlad_saa 2000@mail.ru, https://orcid.org/ 0000-0001-6382-1736;

MHandunoBa Tarpsina AnexkcanapoBHa — T.F.K., foneHt, Ci0ip denepannsl yHuBepcureti, KpacHospck,
Peceit

E-mail: tpanfilova@sfu-kras.ru, https://orcid.org/0009-0003-9537-8128;
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AnnoTtauus. Makanazia eqiMi3iH Tay-KeH KocinopbiHaapeiHbiH KMY (korepeHTTi
ra3 IMopIIeH/iI KOHIBIPFBUIAP) MapameTpiiepiH Oakpliay JXKoHE TEXHHMKAJbIK HalalaHy
Tangaysl OepinreH. Taynel skargaiinapaa ayslp KYMBIC KaFAaiiapbl MEH JAWHAMHKAJIBIK
KYKTEMEHIH JKOFaphl JICHTeiiHe OalaHbICThl aKayJapJblH KOIIIUIriH OThIH KyHeci
MEH cymnep3apsiaray KyHeciHiH s1eMeHTTepi anaapl. JKYMBICTBIH MaKcaThl — KYMBIC
Ke3iHje AIpia mapaMerpiiepiH OakpUiay HETi3iHJE Tay-Ke€H OHEPKACIOIHIH KO3FaITKBIII
TypOOKOMITpeCCOpIapbIHBIH TEXHUKAIBIK JKaFIaiiblH Oaranay omiciH Herizaey. JKymbicTa
Tay-KeH OHEPKICiOiHIH KO3FaITKbIILITAPBIHBIH POTOPBIHBIH alHAITY JKbIIAaMABIFEI Ntk > 30-
nanxorapel TK nipin napamerpiepi OoWbIHIIA TEXHUKAJIBIK JKaFJai bl OaKbplIayFra apHaJIFaH
HOPMAaTHUBTIK KY)KaTTap/IbIH )KOKTBIFbI aHBIKTAJIbL. JKyMbICTa Tay JKaFJaibIHa KYMBIC iCTEey
ko3 duimentin eckepe oTbIpseil, Tek TK yIIiH FaHa emMec, COHBIMEH KaTap KO3FaJITKBIII
nex KMV renepartops! YUIiH Jipin JeHreiaepin Oenrieitin Oackapy saicTeMeciH a3ipiey
KaXeTTUTir nonenaensi. JKyMbIcTa 5KyMBIC OpHBIHAAFl KOHBIPFBIHBI ChIHAYABIH KeHOip
HOTIKeNepi OepiireH, OHBIH TEXHHUKAJBIK JKardalbl Kapbep JKarAalbIHAAFbl KYMBIC
K03 PUIIMEHTIH eckepe OTBIPBIN OaralaHFaH.

Tyiiin ce3nep: Tay-KeH KOCIIIOpPHBI, Ta3 aijay KOHIBIPFBICH; ra3 TypOHMHAJIBIK
KOHJIBIPFBI; TApaMETPIIiK AUATHOCTUKA; TEXHUKAIBIK JKaFqalibl
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AHHoTanus. B craThe npuBeJeH aHaJIM3 KOHTPOJIS MapaMeTpoB U TEXHUUYECKOU
skcrmyatatiun KI'Y  (KOrepeHTHBIX Tra3oMOpIIHEBBIX YCTAHOBOK) TOPHOAOOBIBAIOLINX
MPENPUATHI CTpaHbl. B CBsI3M ¢ TAXKETBIMU yCITOBUSIMU SKCIUTYaTalluU U BBICOKMM YPOBHEM
JMHAMHUYECKON 3arpy’KeHHOCTH B TOPHBIX YCIOBHSAX OOJBIIYIO YaCTh OTKAa30B 3aHHUMAIOT
3JIEMEHTHI TOIUIMBHON CUCTEMBI M CUCTEMBI Ha iy Ba. Llenbio paboThl siBisieTcst 000cHOBaHUE
METO/a OLECHKH TEXHHYECKOTO COCTOSHHS TYpOOKOMIIPECCOPOB MABHTareieldl TOpHOMN
MPOMBIIIIIEHHOCTH Ha OCHOBE KOHTPOJISI BUOPALMOHHBIX MTApaMeTPOB B KCIUTyaTtanuu. B
paboTe BBISBICHO, YTO HOPMATUBHBIX JOKYMEHTOB KOHTPOJISI TEXHUYECKOTO COCTOSIHUS TI0
BuOpanmonHeiM napamerpam TK ¢ gactoToit Bpamenus poropa 6onee n > 30-10° mun'
JBHUTaTesell TOpHOAOOBIBAIOLICH TPOMBIIIJICHHOCTH HE cylecTByeT. B pabore nokaszana
HEOOXOIUMOCTh Pa3pabOTKH METOJMKH KOHTPOJIS, KOTOpas Obl yCTaHOBWJIA YPOBHHU
BuOpanmu He Tonbko it TK, Ho u asurarens, renepatopa KI'Y ¢ yuerom koadduumenrta
paboThl B TOPHBIX YCIOBHAX. B paboTe mpuBeneHbl HEKOTOPBIE PE3yJIbTaThl HCIBITAHUN
YCTAaHOBKM Ha OOBEKTE IKCIUTyaTalllH, MPOBE/ICHA OIIEHKA €€ TEXHUYECKOTO COCTOSHUS C
y4eToM KodpuuneHTa paboThl B yCIOBUSIX Kapbepa.

KawoueBbie cjoBa: TOpHOAOOBIBaroOIIee NPEANPUATHE, Ta30lepeKadnBalOMINN
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arperaT; ra3oTypOMHHAas YCTaHOBKa; IapaMeTpHyecKas IUarHOCTHKA; TEXHHYECKOe
COCTOSIHUE

Introduction

Since 1871, MWM has been designing and manufacturing environmentally friend-
ly gas engines and generator sets in Mannheim (Germany) for the mining industry. MWM
is one of the leading and most renowned brands in the field of gas engines and generator
sets from 400 to 4500 kW installed in the mining industry (Kondrat’ev et al., 2016; Kon-
dratiev et al., 2022; Evdokimov et al., 2024). Mining gas engines operate on a wide range
of gaseous fuels, such as natural gas and non-natural gas (eg landfill and sewer biogas).
Mining power plant auxiliary equipment refers to the development, design and supply of
equipment used in conjunction with generator sets for the construction of power plant work-
shops and other auxiliary enterprises of the mining industry for the extraction of natural
resources (Stepanenko et al., 2017; Borodavkin, 2021; Grishin, 2021; Kamenskikh, 2021;
Nakaryakov, 2021; Parshakov, 2021).

An analysis of the control of parameters and technical operation of CGU in the min-
ing industry, taking into account severe operating conditions and a high level of dynamic
load, shows that the majority of failures are caused by the fuel system and the engine pres-
surization system. So, for example, when the KGU operated for 13,630 hours at one of the
country’s mining enterprises for the extraction of minerals, the destruction of the fastenings
of the TC structure and the upper part of the engine gas exhaust system began to occur (Fig.
1), then an emergency stop of the KGU occurred, since the TC pumps not only air into en-
gine cylinders, but also gas (Kondrat’ev et al., 2022). The cause of the faulty condition of the
TC was increased vibration at the engine speed. Due to high vibration, the insulation of the
gas exhaust tract behind the fuel pump was destroyed, and then the fastenings of the CGU
structure as a whole were destroyed (Karlina et al., 2023). Due to the fact that the operation
of the CGU in mountainous conditions with increased vibration led to the breakthrough of
gases into the environment and triggered a gas leak alarm, this caused an emergency shut-
down of the CGU. The consequence of this accident was the engine was taken out of service
for six months to carry out major repairs, purchase a new fuel pump and replacement spare
parts. The cost of all operating expenses amounted to about 4.5 million rubles.

=

Fig. 1. Destruction of the structure of the gas piston installation NCG2020V20 (MWM) of one of the
country’s mining enterprises for the extraction of minerals
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The purpose of the work is to substantiate a method for assessing the technical
condition of turbochargers of mining engines based on monitoring vibration parameters in
operation.

Materials and object of study. Analysis of literary sources shows that today a large
number of works are devoted to monitoring the technical condition and operation of modern
mining engines (Martyushev et al., 2023b). However, these modern and reliable engines fail
if not properly operated. Scientific works (Palyanitsina et al., 2021; Korshak et al., 2019;
Korshak et al., 2020) examine modern methods and technologies in the field of technical
diagnostics, maintenance and repair of elements of mining machines and equipment, includ-
ing vibration parameters. In the works (Martyushev et al., 2023b), stands are developed and
patent research is carried out, including methodological aspects of vibration standards for
turbochargers of mining engines.

The elements of the supercharging system of MWM CGU engines (power 1000 kW,
12 cylinders, rotation speed 1500 rpm (25 Hz)) are turbochargers (TC) from ABB brand
TPS 52E01 (Fig. 2).

A special feature of the design of TC mining engines are plain bearings and a hy-
drodynamic thrust bearing, which are lubricated under pressure from the engine oil system
(Fig. 2, b). The TC housing has channels for supplying and draining oil, and on some types
of TC there are channels for liquid cooling. To prevent oil from entering the gas-air path
from the oil cavity, seals are installed (Martyushev et al., 2023a).On the turbine side, a
seal with a spring expansion ring is usually used. A ring made of special cast iron or steel
is installed motionlessly in the housing and slides along the shaft groove with very small
end clearance. On the compressor side, a similar design is generally used (Nikolaev et al.,
2015a; Nikolaev et al., 2015b; Martyushev et al., 2023c¢).

For all its apparent simplicity, the TC is a very complex unit. The rotor at operating
speeds is “flexible” - its operating frequency exceeds its own frequency of oscillation, so
its rotation occurs in “floating” bearings capable of damping resonant vibrations at critical
frequencies. The high rotation speed of the TC rotor (from 20,000 to 60,000 min-1), high
dynamic and temperature loads, taking into account mountain conditions, necessitate very
precise manufacturing of TC parts and the use of special materials and technologies (Psh-
enin et al., 2023; Kusimova et al., 2023; Korshak et al., 2023).

When the engine operates at low loads, taking into account the operating coeffi-
cient in mountain conditions, the energy of the exhaust gases is not enough to achieve the
required boost pressure. Accordingly, poor-quality mixture formation occurs in the cylinder.
Combustion products, along the path of the gas exhaust tract, settle on the walls and blades
of the turbine, which, first of all, can lead to imbalance of the TC rotor, a decrease in the
flow section area, as a result of which the gas pressure in front of the turbine increases.
Also, when the engine operates taking into account the operating coefficient in mountainous
conditions at idle speed or at low loads with a dirty filter, a vacuum is formed not only at the
inlet to the compressor, but at the outlet from it. If this condition continues for some time,
the oil will begin to be sucked out of the TC bearing housing and enter the engine intake
manifold. Failure of the TC is usually associated with improper operation and the use of
low-quality oil, which cokes in the TC, closing the lubrication holes of the bearings, which
leads to scuffing, damage, and accelerated wear of the bearings, taking into account the op-
erating coefficient in mountain conditions.
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b)
1 - bearing housing;
2 —turbine wheel;

3 — bypass valve; 4 — turbine housing; 5 — oil
channels;

6 — rotor shaft; 7 — bearing; slip; 8 — compres-
sor wheel; 9 — compressor housing;

10 — pneumatic actuator of the bypass valve

c)

Fig. 2. Turbocharger brand TPS 52E01 of the KGU engine from MWM NCG2020V20 with a power of 1000
kW, 12 cylinders, rotation speed 1500 min™' (25 Hz) from one of the country’s mining enterprises for the ex-
traction of minerals: a) photo; b) device; c) installation location of vibration sensors on the engine turbocharger
housing

The vibration method is based on a method that is widespread throughout the world,
based on measuring vibration parameters. This is due to the fact that vibration is a conse-
quence of the action of disturbing forces and, accordingly, the vibration signal carries in-
formation about the state of the mechanism, its kinematic connections and individual com-
ponents. At the same time, the theory and practice of analyzing vibration signals has now
been so developed that it is possible to obtain reliable information on almost any defect in
installation, manufacturing or wear and tear of operation in mining conditions and eliminate
vibration if evaluation criteria have been developed.

Object of control. Turbocharger with a radial-axial turbine from ABB Turbo-
System Ltd, type TPS52E01 with a maximum rotation speed of 60x103 min' (1000
Hz) at KGU2, KGUS5, KGU6 at one of the country’s mining enterprises for the ex-
traction of minerals.

Control conditions:

Operating mode of KGU2: n =25 Hz = 1500 rpm, Ne = 550 kW = 0.55 Nen-
om.
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Operating mode of KGUS: n =25 Hz = 1500 rpm, Ne = 550 kW = 0.55 Nen-
om.

Operating mode of KGU6: n =25 Hz = 1500 rpm, Ne = 700 kW = 0.7 Nen-
om.

Control scheme: Figure 2, c.

The control is carried out using measuring instruments:

Noise and vibration analyzer: portable device VIBXPERTII.

Results and discussion

To assess the operating condition of turbochargers with a radial-axial turbine from
ABB TurboSystem Ltd, type TPS 52E01 with a maximum rotation speed of 60x103 min™'
(1000 Hz) KGU?2,5,6, taking into account the operating coefficient in mountain conditions,
the following types of processing of vibration signals in the vertical (Z) were performed ),
transverse (X) and axial (Y) directions: spectrum of vibration acceleration in a wide band
from 1 to 25,600 Hz, with the number of lines 25,600; vibration velocity spectrum in a wide
band from 1 to 5,600 Hz, with a number of lines of 5,600; temporary vibration acceleration
signal from 1 to 40,000 Hz with a recording time of 2500 ms, sampling frequency 131,072
Hz.

Also, a comparative analysis of the vibration spectra of the GKU2 TK was carried
out; the operating time after the overhaul is 2000 hours.

In Figure 3, as an example, shows the vibration signals of a mining enterprise en-
gine at the level of the crankshaft in the vertical direction z obtained from the device without
processing.

In Fig. 4-6 show the vibration signals of KGU2,5,6 of the mining enterprise at the
control points indicated in Fig. 2, c. These signals are the beginning of the reporting point of
the history of vibration data of a technical device and the change in the technical condition
of the vehicle during operation. Currently, there are no regulatory documents for assessing
the technical condition of turbines with a rotor speed of more than ntk> 30x103 min-1 based
on vibroacoustic parameters of ROS. Thus, to analyze the vibration of TC KGUS,6, we will
consider the reference readings of TC KGU2 of a mining enterprise, the operating time of
which after overhaul is 2000 hours.

During vibration measurements, the load distribution between two CGUs of a min-
ing enterprise is in automatic mode, and accordingly the load quickly changes from 0.5 to
0.7 Nenom. In this regard, in Fig. 2—4 showed the frequency ranges corresponding to the
reverse frequency (fo), half-turn (1/2fo) and the second harmonic (2fo) of the reverse fre-
quency of the TC KGU2,5,6 mining enterprise at the characteristic loads of the power plant,
taking into account the operating coefficient in mining conditions. In these ranges, maxi-
mum vibration velocity values were also adopted. From Fig. 46 it is clear that:

— the rotation frequency of the TC at a load of 0.55Nenom (550 kW) is in the fre-
quency range from 550 Hz (33,000 min') to 700 Hz (42,000 min"); 0.7Nenom (700 kW)
from 700 Hz to 800 Hz (48,000 rpm);

— vibration velocity spectra of the TC in the axial direction (y), in the established
frequency ranges corresponding to fo, 1/2fo, 2fo constitute the maximum vibration velocity
values in relation to the vertical (z) and transverse (x) directions, for example, the fo value
of the KGU 5 TC at load 0.55Nenom (550 kW) is 0.96 mm/s (Fig. 5, b);

— vibration velocity spectra of the TC in the transverse direction (x), in the estab-
lished frequency ranges corresponding to fo, 1/2fo, 2fo are minimal values and change little
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with increasing load, this is due to the fact that, in the transverse direction, the TC is rigidly
attached to the internal combustion engine frame ;

— vibration velocity values at the rotation frequency fo of TC KGUS5.6 in all direc-
tions z, X, y do not exceed 1 mm/s (Martyushev et al., 2023a; Martyushev et al., 2023b;) .
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Fig. 4. Vibration velocity spectra in the vertical direction (z) of turbocompressors of a
mining enterprise: a) KGU2 (0.5Ne); b) KGUS (0.55Ne); ¢) KGU6 (0.7Ne)
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Fig. 5. Vibration velocity spectra in the transverse direction (x) of turbocompressors of a
mining enterprise: a) KGU2 (0.5Ne); b) KGUS (0.55Ne); ¢) KGUG6 (0.7Ne)
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Fig. 6. Vibration velocity spectra in the axial direction (y) of turbocompressors of a mining
enterprise: a) KGU2 (0.5Ne); b) KGUS5 (0.55Ne); ¢) KGU6 (0.7Ne)

Conclusion

In accordance with the work performed, the following conclusions can be drawn:

1. Currently, there are no regulatory documents for monitoring the technical con-
dition of vibration parameters of fuel engines with a rotor speed of more than ntk > 30103
min—1 of CGU engines in the mining industry.

2. The rotation frequency of the TC is in the range from 600 to 700 Hz at an engine
load of 0.5 Nenom and is 1000 kW. This is very important, because the design of the TC,
taking into account the operating coefficient in mountain conditions, is made in such a way
that the rotation speed of the TC shaft can only be measured using vibration parameters.

3. The values of vibration velocity in all directions (z, x, y) at the rotational frequen-
cies of the TC in the range of 600—700 Hz are no more than 1 mm/s, which indicates good
shaft balancing and the same technical condition of all the studied TC KGU 2.5 ,6 mining
enterprise.

4. The design of the GPU of a mining enterprise is designed in such a way that the
source of vibration of the TC is the engine.

5. It is necessary to adjust the engine mounts and check the bearing assemblies of
the engine crankshaft (thrust bearing and frame bearings).

6. It is relevant for the CGU of a mining enterprise to develop a control method
that would establish vibration levels not only for the heating equipment, but also for the
engine and generator of the CGU, taking into account the operating coefficient in mining
conditions.
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