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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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BAC PEJAKTOP
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IJIABHBI PEJAKTOP
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com/authid/detail.uri?authorld=6602177960; https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB BaxbiT Hapuk0aeBH4, JOKTOp TEXHHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
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scopus.com/authid/detail.uri?authorld=56955769200; https://www.webofscience.com/wos/author/record/1937883
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webofscience.com/wos/author/record/1429613
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www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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upekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (MuHck, bemapycs), https://www.scopus.com/authid/detail.
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEMCOBA Map:xan BaiicanoBHa, TOKTOp TEXHHYECKUX Hayk, podeccop Kazaxckoro HalmoHaaIbHOrO
HCCIIEIOBATENLCKOTO TexHuueckoro ynupepeutera um. K., Carnaesa (Anmarsl, Kasaxcran), https://www.scopus.
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. Relevance. The reliability and failure-free operation of mining
equipment engines largely depend on their vibration condition, which reflects
dynamic loads, installation quality, and the technical state of components. The
use of non-destructive vibration diagnostics enables early fault detection without
shutting down equipment, which is critically important for diesel generator sets
providing uninterrupted power supply at mining enterprises. Objective. To analyze
the effectiveness of non-destructive vibration testing methods for assessing the
technical condition of mining equipment engines using a Mitsubishi S12R diesel
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generator rated at 880 kW before and after alignment. Methods. Experimental
studies of vibration parameters were carried out at the supports, engine crankshaft
level, and generator shaft under various load modes. Measurements were performed
using a noise and vibration analyzer with registration of harmonic components
of vibration velocity vo(0.5), vo(1), vo(2), and total values vIpik in vertical,
transverse, and axial directions. The assessment was conducted according to
manufacturer recommendations and standard vibration diagnostic methodologies.
Results and Conclusions. The study revealed that vibration levels at the supports,
as well as on the engine and generator before and after alignment, remain high in
all operating modes, indicating resonance effects and reduced structural rigidity
of mountings. The highest values were recorded in the transverse direction,
particularly near generator bearings. The obtained results expand diagnostic
indicators for identifying the causes of increased vibration and can be applied
in developing monitoring and maintenance procedures for power units used in
mining operations.

Keywords: vibration diagnostics, non-destructive testing, diesel generator,
mining equipment, vibration velocity, alignment, technical condition, monitoring
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AunHOTanusl. Oszexminici. Tay-keH KaOABIKTapbl KO3FAJITKBIIITAPBIHBIH
CEHIMJIUTITI MEH CEHIMILTITI KoOiHece oIapabIH AipisT KYHIMEH aHBIKTAIAbI, OYIT
TUHAMHKATBIK XKYKTEMETIEPIiH JCHT eiH, MOHTAX Ay CAITachlH )KOHE TOPANTAPIBIH
TEXHUKAJIBIK KYHiH Kepcereni. [ipin IMarHOCTUKACHIHBIH OY30alThIH omicTepiH
KOJIAaHy >KaOABIKTHI MMaiaianyaaH IIbIFapMai akayimapasl YaKThIIbI aHBIKTayFa
MYMKIHJIIK Oepeni, Oy acipece Tay-KeH KACIMOPBIHAAPBIH Y3IIKCi3 SHEPTUIMEH
KaMTaMachl3 €TETiH Au3elIb-TeHepaTop KOHIBIPFBUIAPHI VIIIH ©TE MAaHBI3IEL.
Maxcamur. 880 kBt Mitsubishi s12r au3enbi TeHEepaTOPBIHBIH MBICAIBIH/IA Tay-
KEH KaOIBIKTaphl KO3FAITKBIIITAPEIHBIH TEXHUKAIBIK JKaFIalbIH Oaraniay YIIiH
O0y30aiTeIH mipinai OakpUIay OMICTEPiH KONIAHY THIMAUITIH Tanmay. Qdicmepi.
TipexTepzeri nipin mapaMmerpiepine, KO3FaITKBIIITHIH HiHAI OUTITiHIH JeHTreline
JKOHE OPTYPJI JKYKTEME PEXUMACPIHAETI TeHEepaTrop OiTITiHE 3KCIEPHUMEHTTIK
3eprreynep xyprizinai. Ommeyni Uy men aipin ananuzatopst V ['apm(0,5), vo(1),
vo(2) mipin SKBUIAAMABIFBIHBIH TapMOHUKAIBIK KOMITIOHCHTTEPIH JKOHE Vopik
YKUBTHTBIK MOHIEPIH TiK, KOJIACHEH )KOHE OCBTIK OaFbITTa TIPKEH OTBIPHII KYPTi31i.
Baranay >xorapbl aifHambIMIbI KO3FAJITKBIINITAD OHIIPYIIUIEPIHIH HOPMATHUBTIK
YCBIHBICTAphl JKOHE MIpiT JAMArHOCTHKACHl OIIiCTepi OOWBIHINA IKYPri3iiii.
Homuoicenep men gopeimwinovinap. TipekTepaeri, COHIal-aK KO3FaITKBIIITAFbI
JKOHE TeHepaTOpAarkl TypajiayFa MEeHiHTI )KoHe KSHIHT1 Aipin AeHTeinepi 0apibIk
YKYMBIC PeKAMICPIHIE dKOFaPHI OOJIBITI KaJTa b, 0YJ1 pE30HAHCTHIK KYOBIITBICTAPIBIH
OOJTYBIH JKOHE OCKITIIETIEP IiH KYPBITBIMIBIK KaTTBUTBIFBIHBIH OJICIPEYiH KOPCETE .
En YnkeHn moHzmep KeljeHEH OarbITTa, acipece IeHepaTOpIbIH MOUBIHTIPEKTEp
alimMarbIHIa OCKiTiIreH. AJNBIHFAH HOTIDKENEp AIpIIAiH KOFapbuiay cebenTepiH
OaranayplH JHArHOCTUKANBIK OCNTiNiepiH KeHEHTe 1 )KOHEe Tay-KeH OHEPKOCiOIHIH
DHEPTETUKANBIK KOHIBIPFBUIAPEIHA MOHUTOPUHT JKOHE TEXHUKAJBIK KBI3MET
KOPCETY periaMeHTTEpiH a3ipiiey Ke3iHAe Maijananburybl MyMKiH.

Tyiiin ce3mep: mipim JWArHOCTHKACHI, Oy30alTHIH Oakpuiay, IHU3EITh
TEHEPATOpPhl, Tay-KeH >KaOABIKTaphl, MIPUT >KBUIIAMIBIFBI, OPTAIBIKTAHIEIPY,
TEXHUKAJIBIK YKaFIaifbl, MOHUTOPUHT

123



ISSN 2224-5278 2.2026

©r'epacuau B.B.", JIucauenko A.B.', Anarenko A.C.%, Cepproruna H.C.%,
domun A.C.2, 2026.
'TocynapcTBenHblit Mopckoit yHuBepcuteT umenu aamupaina ©.®. Yinakosa,
HoBopoccuiick, Poccus;
*Poccuiickuii rocynapcTBeHHbII arpapHblil yauBepcuteT — MCXA uMeHH
K.A. TumupszeBa, Mocksa, Poccusi.
E-mail: gerasidi@rambler.ru

AHAJIM3 IPUMEHEHUSA METOAOB HEPA3ZPYIIAIOIIEI'O
KOHTPOJIA JJAA OUEHKU TEXHUYECKOI'O COCTOSAHUA
JIBUTATEJIEW TOPHOJOBBIBAIOIIETO OBOPYJIOBAHUSI 1O
BUBPALIMOHHBIM ITAPAMETPAM

I'epacuau  Buktop — PhD, accomumpoBanHbIil mpodeccop, [ocymapcTBeHHBII MOpCKOH
yHuBepcuteT uMenu aamupana @.d. Ymaxosa, HoBopoccuiick, Poccus,

E-mail: gerasidi@rambler.ru, https://orcid.org/0000-0001-5094-4139;

JIucauenko Anexceit — PhD, crapmmii npenonasarens, ['ocynapcTBeHHbII MOPCKOM YHHUBEPCUTET
nmenn aamupana @.@. Ymakosa, HoBopoccwuiick, Poccus, E-mail: Lisachenko@nsma.ru, https://
orcid.org/0000-0002-3494-1437;

AnateHKo AJlekceil — JIOKTOp TEXHHYECKHX HayK, mpodeccop, Poccuiickuii rocyaapcTBeHHBII
arpapusiil yHuBepcureT — MCXA umenu K.A. TumupsseBa, Mocksa, Poccus,

E-mail: a.apatenko@rgau-msha.ru, https://orcid.org/0009-0006-8465-6251;

Cesproruna Hazmexna — 1TOKTOp TeXHHUYECKHX HayK, mpodeccop, Poccuiickuii rocynapcTBeHHBIH
arpapubiil yHuBepcureT — MCXA umenu K.A. Tumupssea, Mocksa, Poccus,

E-mail: nssevr@yandex.ru, https://orcid.org/0000-0002-3494-1437;

@®omMuH AJeKCaHAP — KaHAMJAT TEXHUYECKHUX HayK, JOLEHT, Poccuiickuil rocynapCTBEHHBIH
arpapubiil yHuBepcureT — MCXA umenu K.A. TumupsseBa, Mocksa, Poccus,

E-mail: sachafomin@mail.ru, https://orcid.org/0000-0001-8333-9015.

AnHoraumsi. AxmyarvHocms. Hané&xHocTb W 0€30TKa3HOCTH PabOTHI
JBUraTesel TOpHOJAOOBIBAIONIETO O0OpYAOBaHHS BO MHOIOM ONpEAEIsIeTCs
WX BHOPALMOHHBIM COCTOSIHHUEM, KOTOPOE OTpa)kaeT ypOBEHb JUHAMUYECKHX
HArpy3oK, KaueCTBO MOHTa)ka M TEXHHYECKOE COCTOsSHHE y3J0B. [IpumMeHenue
Hepa3pyLIaoIIX METOI0B BUOPAILIMOHHOM TNar HOCTUKH ITO3BOJISIET CBOEBPEMEHHO
BBISIBIISITH Je(eKThl Oe3 BBIBOAA 00OPYIOBaHUS M3 DKCIUTyaTalluH, YTO 0COOEHHO
Ba)YKHO JUISI IN3€JIb-TeHEPATOPHBIX YCTAaHOBOK, 00€CTICYHBAIOIINX OecnepeboiiHoe
SHEProcHaO)KEHUE TOPHBIX mpennpustuii. [lerb. Anamu3 3(hdeKTUBHOCTH
MPUMEHEHHS METOJI0B HEpa3pyllaloiero BUOPAMOHHOTO KOHTPOJIS AJIsl OLEHKU
TEXHUYECKOTO COCTOSIHHMS JIBUTATeJIed TOpHOAOOBIBAIOMIETO 000pYIOBaHUS
Ha mpuMmepe auseib-reHepaTopa Mitsubishi S12R momHocThI0 880 KBT 510 M
nociie LEHTPOBKU. Memoodwvl. IIpoBeneHbl dKCIEPUMEHTANbHBIE HCCIEIOBAHUS
BUOpPAIIMOHHBIX MapaMeTPOB Ha OMNOpax, YPOBHE KOJIEHYATOTO Bajia J(BUTATEIs
W Bajly TeHepaTropa B Pa3iUYHBIX PEKUMax Harpy3ku. M3amepeHus BBIMOIHSIINCH
aHaJIU3aTOPOM IIIyMa v BUOpAIMH C PerUCcTpanreil rapMOHUYECKHUX COCTABIISIONIMX
BuOpockopocTu vo(0,5), vo(1), vo(2) 1 cymMMapHBIX 3HaYCHUH VEPiK B BEPTUKAIBHOM,
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MOTIEPEYHOM U OCEBOM HampasieHUs1X. OeHKa MPOU3BOANIACH IO HOPMATHBHBIM
PEKOMEHJAMAM MPOU3BOAUTEICH BHICOKOOOOPOTHBIX JIBUTATENICH M METOAMKAM
BUOPOOMArHOCTUKU. Pe3ynvmamsl U 6b1600bl. YCTaHOBICHO, 4YTO YPOBHHU
BUOpaIK Ha OTIOpax, a TAaKXKe Ha JABUraTese ¥ TeHepaTope 10 U MOCJIe HEHTPOBKU
OCTAIOTCS BLICOKUMH BO BCEX PEKUMax HKCIUTyaTallu, 9TO YKa3bIBaeT HA HAJTMUNE
PE30HAHCHBIX SBJICHUN M OcllablIeHne KOHCTPYKIMOHHOM KECTKOCTH KPEIUICHHUH.
Haunbonpine 3HaueHust 3aUKCUPOBAHBI B MONEPEYHOM HAINPABICHNUH, 0COOCHHO
B 30HEC NOAIMIHUKOB reHeparopa. llomydeHHble pe3yabTaTbl pacIIUpPSIOT
JMAarHOCTHYECKHE MPHU3HAKK OLEHKU MPUYHMH MOBBILICHHOW BHOpAaLUU U MOTYT
WCIONB30BaThCs MPH Pa3paboTKe PErIaMEeHTOB MOHHUTOPHHTA M TEXHUYECKOTO
00CITy’)KUBaHHS SHEPTETUUECKUX YCTAHOBOK FOPHOJ00BIBAIOIIEH OTPACIH.

KitroueBble cjioBa: BUOpallmoHHAs JUArHOCTHKA, HEPa3pyLAOINi KOHTPOJIb,
IM3eNib-TeHepaTop,  TOpHOAOOBIBaiollee  00OpyZOBaHHE,  BHOPOCKOPOCTb,
LEHTPOBKA, TEXHUUECKOE COCTOSIHUE, MOHUTOPHHT

Introduction. The development of priority areas will increase the adoption
of advanced digital technologies at all stages of the mining equipment lifecycle,
which, in turn, will improve the safety and efficiency of mining operations. This
safety depends largely on the reliability and trouble-free operation of power units
and key machine components. Over the past period, the global and domestic mining
industries have seen significant changes in the use and development of equipment
condition monitoring systems, particularly for engines and drive systems. The
results of continuous monitoring and assessment of the actual technical condition
have become widely used both in daily operation and during scheduled preventive
maintenance and certification checks of equipment. This approach is reflected
in the requirements of modern international standards, industry regulations, and
operating procedures (Varenik et al., 2023; Zaalishvili et al., 2024).

Diesel generator sets (DGS) for the mining industry are reliable and powerful
solutions that provide a stable power supply where high performance and
uninterrupted operation are essential. They are ideal for large industrial facilities,
commercial buildings, infrastructure projects, and other applications where power
outages are unacceptable. The generators operate in automatic mode, which
minimizes the risk of failures and ensures voltage and frequency stability (Bosikov
et al., 2023).

The Mitsubishi S12R industrial diesel generator with a capacity of 880 kW is
used in mining applications for primary or backup power supply (Isametova et al.,
2025).

The use of a large-displacement, multi-cylinder, radiator-cooled diesel engine
with a constant speed of 1800 rpm ensures high reliability and maintainability.
This model is an industrial diesel generator designed for continuous operation
(Gendler et al., 2025).

This unit is designed for permanent installation and can be installed either
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outdoors (in a container or enclosure) or indoors (in an open configuration or
enclosure). This model can be used for grid backup, and in continuous operation,
the diesel generator can supply power to consumers (Khekert et al., 2025;
Kondratev et al., 2023; Kondratev et al., 2020).

It is also used in power plants or similar industrial equipment to provide
backup or primary power supply. The relevance of studying vibration parameters
in industrial internal combustion engines (ICEs) is determined by several factors:

— the possibility of non-destructive testing of the technical condition, which
allows determining the actual condition of a dynamically operating unit without
lengthy equipment downtime (Kozhukhova et al., 2018; Malozyomov et al., 2025);

— fault detection.

Vibration parameter analysis helps identify defects such as system rigidity
loss, wear of piston components, faults in the fuel supply and distribution system,
crankshaft bearing damage, and more (Malozyomov et al., 2024; Shabanov et al.,
2023).

Predicting vibration conditions during the design and development stages
of engines using digital technologies (digital twins, CAE modeling) helps
reduce structural vibration during process upgrades. This reduces the cost and
time required to create prototypes and conduct full-scale experiments to refine
vibroacoustic characteristics (Tananykhin et al., 2026; Tynchenko et al., 2024).

Therefore, studying the vibration parameters of mining diesel generator sets
is important for equipment owners and service departments, as it helps reduce
downtime, lower repair costs, and improve service quality (Filina et al., 2024).

Test object and conditions.

1. Engine at crankshaft level before and after alignment.

2. Generator at shaft level before and after alignment.

3. Supports before and after alignment.

— Test conditions:

Mode I, idle speed (i/s), n = 1800 min™! before and after generator alignment.
Mode 1II, 25% of the rated load Ne , n = 1800 min"' before generator
alignment.

— Mode III, 30% of the rated load Ne , n = 1800 min" after generator
alignment.

— Mode IV, 50% of the rated load Ne , n = 1800 min"' after generator
alignment.

— Mode IV, 70% of the rated load Ne , n = 1800 min"' after generator
alignment.

The inspection diagram in Fig. 1 shows the inspection procedure before and
after the diesel generator set alignment.

The inspection was performed using the following measuring instruments:

SVAN 958 noise and vibration analyzer from Svantek Ltd (Poland), serial
number 35031, with an SV85 vibration sensor, serial number D1198.
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State verification date: March 15, 2025

Verification certificate no. S-SP/15-03-2022/14005406

Inspection results.

The results of the measurements, in accordance with the measurement point
arrangement diagram, are presented in Tables 1 and 2, and Figs. 2—4.

Supports = T#

T12
z
‘ Vertical W, Axial ¥ —p Transverse @
[ S R |
5 I | [ B
z Engine :I
.10 z
Generator -
E x
g
I T T T T T T 7 - T T T T T T T T TTTH T8
1 I 1 I 1 I 1 [ 1
2 15 218 z 77 8
! ! :
z
Suppnns; =g e —— a———ra
7 7 VA

Foundation
Figure 1. Schematic diagram of an industrial diesel generator set with a Mitsubishi S12R engine.
Measurement points along the length of the machine: 1-8 (Z) supports; 9, 10 engine crankshaft
level; 11, 12 generator shaft level, 13Z casing (foundation).

Methodological aspects. To diagnose the causes of increased generator
vibration, a methodology developed by Caterpillar, a manufacturer of high-speed
gas and diesel engines, was used.

To analyze generator vibration, the following vibration signal processing
was performed in the vertical (Z), axial (X), and transverse (Y) directions of the
vibration velocity value:

1) v, Peak at the frequency of the corresponding half-turn v, , and turn v, , and
its harmonic v . in the 1/8 octave frequency band of the engine 30 Hz (1800 min-

0(2)
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1) vibration values in accordance with the recommendations of the manufacturer
"Caterpillar" are:

— for the internal combustion engine at the crankshaft level, and the generator
at the shaft level <9.97 mm/s ("severe vibration operating conditions");

— for the diesel generator mounts, there are no recommendations from the
manufacturer Caterpillar; according to operating experience, the vibration levels
of the diesel generator mounts are half that at the engine crankshaft level.

2) Vi 18 the sum of the values of v . The peak of all harmonics Voosy Yoy VO(}!S),

Voo Vo(_z,s)’ Voay Voas» Vq(4)’ Vousy Vosy Voi.sy .VO((’)’ Vow.sy Yoy Yoasy Vos) Vlbrajflon
values in accordance with the recommendations of the manufacturer Caterpillar

are:

— for internal combustion engines at the crankshaft level, and generator at the
shaft level <35 mm/s (“severe vibration operating conditions”);

The results of the conducted control. From Table 1 it is evident that

— all diesel generator supports are heavily loaded in the transverse direction
(y) and exhibit high maximum vibration levels in all operating modes of diesel
generator #1 at points 1Y, 8Y;

— at point 7Y, the highest vibration level in idle mode after diesel generator
alignment at double engine speed v0(2) is 8.89 mm/s, creating a resonance
condition.

Figure 2 shows that vibration levels are virtually identical before and after
diesel generator alignment, and sometimes even exceed the values slightly, for
example, at support #8 at point 8Y. The effects of vibration forces on the supports
before and after diesel generator #1 alignment are virtually identical.

From Table 2 shows that

— the vibration values on the engine and generator are maximum in the
transverse direction (Y) and slightly exceed the maximum permissible values of
the manufacturer of high-speed engines, Caterpillar, especially at point 12Y on
the generator aft bearing in all operating modes before and after alignment of the
diesel generator set.

— the vibration values v, 5 ON the engines in the vertical direction at point 9(Z)
reach their maximum values of 51.91 mm/s, which indicates a weakening of the
engine structure fastening to the foundation (structural rigidity).

— the difference between the vibration parameter values v, o v, Vv, at all
control points and operating modes of the engine and generator before and after the
diesel generator alignment is more than two times higher, indicating a resonance
condition (Figs. 2-4). For example, in mode V, 70% of Ne_  after alignment,
the difference in the vibration parameter values v, v, v, s at points: 9Y — 1
mm/s; 10Y — 5 mm/s; 11Y — 7 mm/s; 12Y — 11 mm/s.

The following conclusions can be drawn from the study:

1. Vibration parameter values at the diesel generator supports before and after
alignment are high in all operating modes, resulting in a resonance effect.
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2. The values of the vibration parameters in the transverse direction (Y) at
the level of the ICE crankshaft and the generator at the shaft level before and
after alignment in all operating modes are high, however, with an increase in the
load of the diesel generator, an increase in vibration is not observed, the effect of
misalignment of the engine and the axle wiring equipment (displacement force)
is not observed, however, the difference between the values of the vibration
parameters v, oV, V,, at all control points and operating modes of the engine
and generator before and after alignment of the diesel generator is more than two
times or higher, a condition for resonance to occur appears.

3. The vibration values v, s at the level of the engine crankshaft and the
generator at the shaft level before and after centering at some points and directions
reach maximum values, a condition appears for weakening the fastening of the
engine structure to the foundation (structural rigidity).

4. Check and adjust the supports. If the manufacturer's recommendations
indicate the support replacement period has passed and the diesel generator set
has reached the specified operating time, replace them.

5. Perform vibration monitoring every 720 hours, as the vibration levels of
individual components of diesel generator No. 1 are close to "severe operating
conditions," according to (the specifications).

6. To diagnose and analyze elevated vibration levels of the diesel generator,
compare the parameters with those of a similar type of diesel generator.

Table 1. Vibration parameters on diesel generator supports before and after alignment, rotation
frequency 30 Hz 1800 min™).

Vibration velocity, mm/s
I mode, idle speed (i/s), before centering

1Z | 1Y 2Z |\3Y |3Z |3Y |4Z |4Y |5Z |5Y |6Z |6Y |7Z |7Y |8Z 8Y
Voosy | 131 | - 0,43 | - 0,57 |- 1,22 |- LI |- 0,63 |- 0,81 |- 1,05 |-
Vory | 044 |- 3,04 - 22 |- 1,65 |- 2,42 |- 1,2 |- 2,71 |- 3,02 |-
Voo |2:46 |- 0,67 | - 1,25 - 4 - 6,84 | - 0,95 |- 1,75 |- 3,99 |-

I mode, idle speed (i/s). after centering
Vors) | 0,93 0,88 |0,12(0,79]0,7210,57 | 1,38 [0,41 [1,05|0,40|0,52 |0,57 0,70 [0,65|1,10 [1,08
Yooy 5,15 12,58 |3,746,23|1,98 7,67 |2,19 4,89 2,76 5,24 | 1,62 |7,82(3,32|5,91|3,92 | 11,04
Yooy 12,86 16,73 [0,16]9,59(0,60 (2,19 [4,58|3,70|5,87 [4,70[0,19 [2,68 | 1,02 [8,89 3,64 |6,35
Il mode. 45 % of Ne . before centering

Voos) | 192 | - 0,35]- 1,13 |- 2,39 |- 2,5/ |- 0,99 |- 0,64 |- 1,91 |-
Yoy |671 |- 39 |- 2,37 - 1,66 |- 1,97 | - 1,01 |- 2,39 |- 2,54 |-
v 2,14 |- 0,68 | - 1,05 - 2,89 |- 6,1 |- 0,24 | - 0,98 |- 3,06 |-

02)

Il mode, 30 % of Ne . after centering
Vo5 [0,75 | 1,42 [0,55]0,63(0,890,55 | 1,76 0,28 | 1,47 [ 0,46 | 0,60 [ 0,66 0,68 [0,73 | 1,52 | 1,15
Yoy 5,60 | 11,96 |3,345,85[1,95|7,07 |1,36|5,30|2,51 |5,25|1,67 | 7,80 |2,50 | 6,14 |3,05 |10,58
Yooy 12,39 6,94 |0,647,62|1,13 3,26 |5,75 3,11 |5,95[4,22(0,45 4,78 | 1,21 [8,52 |2,73 |6,13

129



ISSN 2224-5278 2.2026
LI mode. 50 % of Ne . after centering
Vyes | 1,75 11,43 10,36]0,79 (1,07 0,66 |2,85]0,40|2,03]0,63|0,75|0,71 |1,12|1,31 2,87 |3,19
Yoy 16,21 112,19 3,49 (6,36 (2,11 [8,27 [1,92(3,98|2,14 4,87 [1,93 (8,23 (3,10 |6,66 |3,44 |1045
Vo) 2,04 5,72 [0,298,47[1,22|4,23 |5,43|2,41|5,80(2,96|0,40 [5,05(1,39 7,61 |2,99 |5,08
1V mode. 70 % of Ne . before centering
Voo | 1:22 1,35 1,73 2,67 2,49 0,88 0,53 2,56
Yoy | 5575 2,48 2,44 1,83 2,68 1,16 2,24 2,64
Vo | 1.9 0,51 0,34 2,69 5,55 0,35 1,13 2,52
IV mode, 70 % of Ne . after centering
Yoos | 1,60 [ 1,30 |0,32(1,08(1,52(0,67 |2,78 |0,41|2,07|0,66 0,34 (0,97 |1,09 [1,27 |1,67 |3,68
Yoy 15,29 | 11,22 [2,55[6,32(1,95[7,60 |1,21|542(2,52|4,64|1,79 |8,89 (2,88 6,32 [2,78 |9,72
Yooy 2,56 4,67 |0,84]792(0,94|3,54 |5,73]1,06|5,31]1,55|1,05|4,71|1,54|7,81 |3,73 4,00

Table 2. Vibration parameters of the internal combustion engine and generator DG No. 1 before
and after alignment, rotation frequency 30 Hz (1800 min™).

Vibration velocity, mm/s
I mode. idle speed (i/s).before centering
9z | 9y | 9x | 10z | 10y | 10X | 11Z | 1Y | 11X | 12Z | 12Y | 12X | Note/
Maximum
permissible
values
Voos) | 0,84 | 1,55 | 2,44 | 0,46 | 0,29 | 0,94 | 0,50 | 0,20 | 0,36 | 1,30 | 0,32 | 0,25 | =997 [2,3]
Vo, | 6,10 | 3,59 | 3,64 | 2,00 | 8,09 | 092 | 3,54 | 7,64 | 2,59 | 2,64 | 13,58 | 2,57 | <9.97[2.3]
Voo | 1,85 0,83 | 2,73 [ 223 [ 0,58 | 1,39 | 2,08 | 1,02 | 1,43 | 6,60 | 1,62 | 1,23 | <9,97[2.3]
Voso | 31,19 | 16,77 | 24,44 | 21,15 23,59 | 9,55 | 17,25 [ 24,87 | 11,92 | 23,07 | 29,12 | 20,85 | <35 (23]
L mode, idle speed (i/s), after centering
Voos) | 413 | 1,18 | 4,67 | 0,65 | 1,06 | 0,35 | 0,44 | 0,15 | 0,30 | 1,34 | 0,14 | 0,26 | =997 [2,3]
Voo, | 344 | 3,78 | 521 | 297 | 7,71 | 1,01 | 3,34 | 8,20 | 1,66 | 2,67 | 12,88 | 3,06 | <9.97[2.3]
Voo | 223 | 1,82 | 1,34 | 1,06 | 1,27 | 0,51 | 1,72 | 1,21 | 0,99 | 6,31 | 0,88 | 1,24 | <9.97[2.3]
Voo | 30:37 | 24,58 | 25,94 (20,92 25,21 | 9,64 | 14,77 (25,25 | 9,38 | 24,47 | 26,41 [ 22,70 | <35[2,3]
Il mode. 30 % of Ne . before centering
Voos) | 2,34 | 1,77 | 1,14 | 4,65 | 5,16 | 0,42 | 0,69 | 0,52 | 1,27 | 1,79 | 0,11 | 0,43 | =997 [2,3]
Vo, | 5,53 | 2,41 | 3,17 | 2,71 | 8,70 | 1,48 | 3,48 | 8,89 | 1,56 | 2,19 | 12,84 | 3,49 | <9.97[2.3]
Yoy | 2,76 | 1,71 | 1,00 | 1,19 | 0,70 | 0,62 | 2,04 | 1,09 | 1,44 | 7,13 | 0,74 | 0,92 | <9.97 23]
Vos |36,94]29,54 | 18,49 29,65 (35,89 |15,14|19,79 | 34 |12,14|2583 | 34 |3038| <35[2.3]
11l mode. 45 % of Ne . after centering
Vyos | 1,83 | 0,73 | 0,37 | 2,00 | 4,00 | 2,13 | 0,97 | 0,82 | 0,34 | 2,50 | 0,18 | 0,58 | <9,97[2.,3]
Vo, | 6,84 | 3,26 | 2,21 | 1,05 | 7,51 | 1,09 | 3,60 | 7,87 | 2,60 | 2,49 | 11,56 | 3,04 | <9,97[2,3]
Voo | 1,83 | 2,53 1 0,55 | 1,38 | 1,72 | 0,78 | 1,43 | 1,18 | 0,95 | 4,92 | 1,73 | 0,81 | <9.97[2.3]
Voo | 39,17 | 30,56 | 16,67 | 25,75 | 30,07 | 15,25 | 21,44 | 34,04 | 14,49 | 27,32 | 34,28 | 27,96 | <35[2.,3]
IV mode, 50 % of Ne . after centering
Voos) | 3.24 | 2,52 | 1,65 | 3,38 | 2,19 | 1,32 | 1,15 | 0,26 | 1,04 | 3,67 | 0,10 | 0,57 | <9,97[2,3]
Yoy | 5,80 | 2,57 | 2,06 | 3,75 | 8,92 | 1,28 | 3,54 | 8,83 | 2,34 | 1,86 | 13,46 | 3,92 | <9,97[2,3]
Yooy | 3,04 | 2,12 1 0,97 | 0,84 | 1,16 | 0,65 | 1,92 | 1,50 | 1,12 | 6,66 | 1,22 | 1,04 | <9,97[2,3]
Vo) 39,73 31,40 | 18,36 | 32,73 33,90 | 16,51 | 22,73 | 38,46 | 12,74 | 30,75 | 39,03 | 32,22 | =35[2,3]
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V mode. 70 % of Ne ., after centering

Voos [ 10,33 ] 1,40 | 0,95 | 2,44 | 482 | 1,00 | 1,02 | 1,53 | 1,80 | 1,11 | 0,14 | 0,72 | =9:97 [2.3]

1596 [ 2,89 [ 4,10 [ 449 [1064] 136 | 349 [ 9,11 [ 232 | 1,74 [ 12,56 | 3,73 | <9.97[2.3]

v, 1227 1,75 10,69 [ 0,62 099 ]0,70 [ 2,10 | 1,45 | 0,89 | 6,46 [ 0,95 | 0,73 [ <9,97[2,3]
51,91 30,70 [ 21,79 | 34,76 [ 39,15 18,03 [ 25,80 [ 41,31 | 12,47 | 30,18 | 36,16 | 32,54 | <35[2.,3]

vl‘ﬁ pik)

The values at point 13Z in all operating modes before and after centering of
DG No. 1 did not exceed 1.5 mm/s.
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Figure 2. Dependence of vibration velocity levels at the rotational frequency v, ) ON the
supports in the vertical direction (z) before and after alignment of the diesel generator set.
a) idle mode; b) 30%, 45%, 50% of Ne_ :c) 70% of Ne
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Figure 3. Dependence of vibration velocity v, on engine load in the transverse direction of the
engine and generator at different loads.
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Conclusion. Vibration diagnostics is a standard and mandatory method
for monitoring the technical condition of engines and components of mining
equipment during operation.

The vibration characteristics criteria examined allow us to identify the impact
of process disturbances, such as imbalance of rotating parts (imbalance) and
displacement forces (misalignment); unbalanced torsional and forced vibration
forces (torque and resonance); fuel combustion processes (detonation in internal
combustion engines); and loose structural fasteners, on the technical condition and
operating mode of diesel generator sets.

These studies expand the range of diagnostic indicators (rules) for assessing the
causes of vibration at various stages of defect development in units and components
of diesel generator sets used in mining equipment under operating conditions.

These vibration characteristics analysis results can serve as the basis for
developing recommendations for determining the technical condition of diesel
generator sets during scheduled inspections and maintenance.
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