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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6e0endi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an10blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexkcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMu
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiHceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOPEL, mpodeccop, KP ¥YFA
akajemuri, «Kasakcran PecrmyOnmukackl ¥JITTBHIK FBUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. CokoybCKHit aTBIHAAFEI OTHIH, KaTaJIN3 JKOHE MIEKTPOXUMUS HHCTUTYTBIHBIHY» 0ac TUPEKTOPEI
(Anmmvarsl, Kazakcran) H =4

Fruibivu xaTimisl

ABCA1BIKOB BaxsiT Hapnko6aiiyJbl, TeXHHKA FBUIBIMIAPBIHBIH TOKTOPEL, ipodeccop, KP ¥YFA

JKayanThIXaTIBICH], A.B. BeKTypoBaThIHAAF IXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTsl, Kazakcran) H=5
PepgaknusaablK aJdkKa:

9BCAMETOB Mauaic Kyasicyas! (6ac peqakTopabslH opeIHOAcaphl), reoIorus-MHHEPaIoTust
FBUTBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akanemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS SKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupeKkTopbl (AnmMarsl, Kaszakcran) H =2

7KOJITAEB TIepoii XKoaraiiyabl (6ac penakTopAbH OpbIHOAacapsl), reoJoTUs-MHHEPaIoTus
FBUTBIMJIAPBIHBIH TOKTOPEL, Tpodeccop, K. 1. Carnaes ThIHAAFbI Te0JI0T U FETBIMIAPhI HHCTUTY THIHBIH
nupekTopsl (Anmatsl, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HebOpacka yauBepcutetiHin Cy
FBUIBIMJIAPBI 3epTXaHachlHbIH qupekTopsl (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux mypaxaibiasig XKep Typais! FeutbiMaap OemiMinge
METPOJIOTHST JKOHE TMaijaybl Kazbanap KeH OpBIHIAAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurust) H =37

IMAH®UJIOB Muxaua bopucoBuY, TEXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBI, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, @pannms) H=15

HIEH Iwun, Ph.D, KpiTaii re0norusuibik KOFAMBIHBIH Tay FEOJOTHSIChI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapel, AMEpPUKAaH/IBIK SKOHOMHUKAJBIK TEOJOrTap KaybIMAACTHIFBIHBIH Mymieci (ITexuH,
Kprrait) H =25

OUIIEP Axcenab, Ph.D, J[Ipe3neH TEXHUKAIBIK YHHBEPCUTCTIHIH KaybIMIACTBIPBLIFAH
npodeccopsi (pe3nen, bepaun) H=6

KOHTOPOBHUY Auekceii IMUIbeBHY, I'€OJOIHA-MUHEPAIOTUS FhUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpopumyka aTblHIaFEl MyHal-Ia3 TeOJIOTUsICHI J)KoHE reoU3HnKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Buaagumup EHokoBH4Y, XHMMHS FbUIBIMAAPBIHBIH JOKTOpH, bemapycs ¥TA
akazgemuri, JKana Matepuangap XMMHUsICbI HHCTHTYTBIHBIH KYpMeTTi qupektops! (MuHck, Benapycs)
H=13

KATAJIMH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPUIFAH
npodeccops (Jpesznen, bepaun) H = 20

CEUTMYPATOBA Jseonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥YFA koppecniongent-myieci, K.M. CarnaeB arbingarbl [€0J0TUsI FBUIBIMAAPEI
HWHCTHTYTBI 3epTXaHaChIHBIH MeHrepyiici (Anamarsl, Kazakcran) H=11

CAFBIHTAEB “Kanaii, Ph.D, xaybimaacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H = 11

®PATTHUHMU Taono, Ph.D, buxokk Munan yHUBEPCUTETI KaybIMIACTBHIPbUIFaH Ipodeccopbl
(Munan, Uranus) H =28
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I'naBnbIii perakTop

KYPHUHOB Mypar ’KypuHoBHY, TOKTOpP XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarponansHoit akagemun Hayk PecryOnuku Kazaxcran», reHepaibHbIH TUPEKTOP
AO «MHCcTUTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHBbI cekpeTapb

ABCA/IBIKOB BbaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKUX HAYK, MPOdeccop, OTBETCTBEHHBIH

cekperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJdJerus:

ABCAMETOB Mauuc KyabicoBu4, (3aMeCTHTENb INTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axanemuk HAH PK, mupexrop HMHcruryTa Tmaporeomoruu u
reoskonorun uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKosraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunen, Ph.D, acconumpoBannslil npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomuTenb HCCICIOBaHMNA B OOJNACTH TETPOJOTHH K
MECTOPOXK/ICHUH TOJE3HBIX HCKomaeMbeIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua BopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Hancu, ®@panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomorun Kwurtaiickoro
Te0JIOTHYECKOr0 00MIecTBa, WieH AMEPHKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axkceas, accorunpoBanHblil mpodeccop, Ph.D, Texanuecknit yausepcurer Jlpesnen
(Apesnen, bepnmun) H =6

KOHTOPOBMUY Auekceii IMUIbLEBHY, TOKTOP I'€0JI0r0-MHHEPATIOrHICCKUX HayK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baaaumup EHokoBHM4, 10KTOp XuMHYecKuX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTHTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoumupoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Dieonopa IOcymoBHa, OKTOp TIe0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.W. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB ‘Kanaii, Ph.D, acconumpoBannsii mnpogeccop, HazapbaeB yHHBepcHTET
(Hypcynran, Kazaxcran) H = 11

®PATTHUHMU Iaoao, Ph.D, acconnunposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28
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Editorial chief

ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
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H=4

Scientific secretary

ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive

secretary of NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =35
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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

ZHOLTAEY 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
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PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
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FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden,
Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences,
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professor, corresponding member of NAS RK, head of the laboratory of the Institute of geological
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V.V. Gerasidi', R.G. Dubrovin', O.1. Kukartseva®**, I.A. Panfilov>*,
V.V. Tynchenko**#, 2024.
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ANALYSIS OF TECHNICAL OPERATION OF CATERPILLAR
ENGINEERING CORPORATION ENGINES IN INDUSTRY

Gerasidi Viktor V. — Candidate of Technical Sciences, Associate Professor, Admiral F.F. Ushakov
State Maritime University, 353924, Novorossiysk, Russia, e-mail: gerasidivv@yandex.ru, ORCID:
https://orcid.org/0009-0008-1673-3192;

Dubrovin Ruslan G. — Cand. Tech. Sc., Associate Professor, Admiral F.F. Ushakov State Maritime
University, Novorossiysk, Russia, e-mail: r.g.dubrovin@yandex.ru, ORCID: https://orcid.org/0000-
0001-7316-8072;

Kukartseva Oksana I. — Bauman Moscow State Technical University, Russia, Moscow; Siberian
Federal University, Krasnoyarsk, Russia, e-mail: gutova ok@mail.ru, ORCID: https://orcid.
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Abstract. The paper analyzes the technical operation of caterpillar engineering
corporation engines in industry. Currently, new developments of Cat technology
with mechanical power transmission are one of the advanced technologies for
operation control in the segment of diesel-electric machines. A wide range of engines
allows you to install, for example, the "C32" and "SAT3500" series on mining
dump trucks. The engines meet Tier 3 standards for exhaust gas toxicity through
the use of ACERT (Advanced Combustion Emissions Reduction Technology)
technology. During operation, malfunctions and accidents of modern engines
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occur, which lead to the shutdown and downtime of the equipment as a whole. The
paper presents statistics of failures of Caterpillar engine components during 10
years of operation. visual and parametric control and defecation were performed
to analyze the accident. The results of computer diagnostics were obtained, the
authors, 20 hours earlier before the accident, made it possible to compare the same
values taken immediately after the accident. To identify the causes of the accident
of the C 32 automobile engine, types and methods of non-destructive testing were
applied, taking into account the coefficient of operation in a quarry.
Keywords: car engine, diagnostics, load, engine defects, dump truck.
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Annoranusa. Maxkanana caterpillar engineering corporation KO3FaiTKBIII-
TapbIHBIH OHEPKACINTETI TEeXHUKAIBIK >KYMBICHI TanmaHaabl. Kazipri yakeitta
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Mexanukanblk Kyar Oepymen Cat TEeXHONOTMSCBHIHBIH aHa d3ipremenepi
IU3ENBIIK-3JIEKTPIIIK ~ MallliHANIap CeTMEHTIHAETi JKYMBICTBI  OacKapyablH
03BIK  TEXHOJIOTHSUIAPBIHBIH  Oipi  Oombim  TaObuTafbel.  Ko3FanTKbIITapAbIH
KeH accopTHUMeHTi, Mbicanbl," C32 '"xome" SAT3500 " cepusimapblH Tay-
KEeH caMocBajapblHa OpHaTyFa MyMKiHAik Oepeni. Kosranrkeimrap ACERT
(OKany Ulerraperanbuiapbid A3adTynbiH O3bIK TeXHONOTHSICHI) TEXHOJIOTHSICHIH
KOJIJITaHy apKbUIBl MMalijalaHbUTFaH Ta3/apblH YHITTBUIBIFEI OolbIHINA 3-/[eHreit
CTaHAapTTapblHa coiikec keiendi. KyMmblc Ke3iHIe 3aMaHayd KO3FalTKBIITAPIBIH
aKayJapbl MEH anaTTapbl OPbIH anajbl, OyJ1 TyTacTail anrana *KaOAbIKThIH TOKTAI
KaJyblHa okeneni. Makanaga LLbiHxbIp TaOaHAB! KO3FAITKBIII KOMIIOHEHTTEPiHIH
10 BT )KYMBIC iCTET€H Ke3JIeTl iCTeH MIBIFYBl Typallbl CTATUCTHKA KEINTipiuITreH.
AnarTel Tangay YIIiH BU3YaJIbl JKOHE HapaMmeTpilik Oakpliay XoHe Iedexaunus
Kyprizingi. KoMmMmproTepik IUAarHOCTHKAHBIH HOTWKENEpl aibIHIBI, aBTOpIap
amartad 20 carar OypbIH armaTTaH KeiliH OipJeH allbiHFaH MOHEP/Ii CalbICTHIpyFa
MyMKiHAIK Oepai. C 32 aBTOMOOWMIIb KO3FANTKBINIBIHBIH alaThIHBIH ceOenTepiH
aHBIKTAYy VIIIH KapbepJeri KyMbIC K03 HIMEHTIH eckepe OTBIPHIT, O0y30aiiThIH
CBIHAKTAPBIH TYPJEPi MEH 9icTepi KOMAaHBIIIBL.

Tyiiin  ce3gep: aBTOMOOWIb KO3FAaNTKBIIBI, JHATHOCTHKA, JKYKTEME,
KO3FaJITKBIIITBIH aKayJiapbl, CaMOCBaJl.
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AnHoTamusi. B paboTe mpoBeneH aHadM3 TEXHUYECKOW OKCILTyaTalllu
JBHUTraTeNell MalMHOCTpOouTeIbHON Kopropanuu Caterpillar B IpOMBILIIICHHOCTH.
B Hacrosmiee Bpems HOBBIE pa3paOOTKH TexHUKH Cat ¢ MEXaHHMYECKOH CHIOBOH
nepeaaueii ABISF0TCS OHON U3 MePEJOBBIX TEXHOJIOTHI KOHTPOJIb dKCILTyaTauen
B CETMEHTE JM3eNb-dJIeKTpuieckux MamuH. [lupokuli MoAenbHBIA psin
aBTOMOOWJIBHBIX JIBUTATeNIe IO3BOJSET YCTaHABIMBAaTh, HAlpUMeEp, CEpUHU
«C32» u «CAT3500» Ha KapsepHbBIE caMOCBajbl. J[BUraTeau OTBEYalOT HOpMam
Tier 3 1O TOKCHYHOCTH OTpabOTaBUIMX Ta30B Oiarofapsi HCIOJIB30BAHUIO
texHonorun ACERT (Advanced Combustion Emissions Reduction Technology).
B npouecce skcryaTanuy MpoMCXOSIT HEMCIIPAaBHOCTH M aBapHH COBPEMEHHBIX
JBHUTrarenel, KOTOpble MPHUBOAAT K OCTaHOBKE M TPOCTOI0 00OpYIOBaHUS B
uesnoM. B pabore mpuBeneHa CTaTUCTHKA OTKAa30B 3JIEMEHTOB aBTOMOOMIIBHBIX
nBurareneil camocBainoB (upMmel «Caterpillar» B Teuerne 10 net skcruryaTanuu ¢
yueToM Koddduimenta paboThl B yCIOBUAX Kapbepa. s aHamu3a aBapuu ObuIN
BBITIOJTHEHBI BU3YaJIbHBIN U TapaMeTpHUUECKUi KOHTPOIb, Aedekranus. [lomydenst
pe3ynbTaThl KOMIBIOTEPHOW AMArHOCTUKH, aBTOpamH, 3a 20 4acoB paHee mepen
aBapHell, MO3BOJMIN CPaBHUTH TaKWE XK€ 3HAYCHHMS, CHATBIE cpasy JKe IMocie
aBapud. [y BBIABICHUS NPUYMH aBapUM aBTOMOOWJIBHOTO JIBUTaTelsl MapKu
C32 ObUIM TpUMEHEHB! BHIBI U METOABI HEPa3pyIIAIOMIEr0 KOHTPOJS C Y4eTOM
ko3¢ ¢unreHTa padoThl B YCIOBUSIX Kapbepa.

KioueBble cjioBa: aBTOMOOWJIBHBIM JABHrarellb, JUATHOCTHKA, Harpyska,
neQeKTaluy JBUraTes, KapbepHbId caMOCBall.

Introduction. The large engineering corporation Caterpillar is introducing its
internal combustion engines to the facilities of large open pit mining operations
in Russia. The corporation introduced its first quarry off-road dump truck in
1962. Nowadays new developments of Cat machinery with mechanical power
transmission are one of the advanced technologies of operation control in the
segment of diesel-electric machines. A wide model range of engines for mining
road transport allows to install, for example, series "C32" and "CAT3500" on
mining dump trucks (Fig. 1). The engines meet the Tier 3 (Palyanitsina, et al., 2021;
Korshak, et al., 2019; Korshak, et al., 2020) exhaust emission standards through the
use of ACERT (Advanced Combustion Emissions Reduction Technology). It covers
four engine systems for exhaust emission reduction and addresses the fuel system,
the combustion process, the engine air intake system considering the application

26



ISSN 2224-5278 4.2024

factor of quarry operation and the implementation of an electronic monitoring and
control system.

D/S: 145/ 162 mm
Working volume: 32.1
litres
Maximum torque
range: 6166 N.m at
1400 min™!

Working volume: 34.5
litres
Maximum torque
range: 4263 N.m at
1450 min!

R e
_Tﬁ e ii -i‘-al3
Rated power C32: Rated power of CAT | Rated power of CAT | Rated power of CAT
1007 kW at 3508: 746 kW at 1800 | 3512: 1119 kW at 1800 | 3516: 1492 kW at 1800
2100 min™! min™! min™! min!
Engine type: Engine type: V-8, Engine type: Engine type:
V-12, 4-stroke diesel 4-stroke diesel V-12, 4-stroke diesel V-16, 4-stroke diesel
engine D/S: 170 / 190 mm engine engine

D/S: 170 / 190 mm
Working volume: 51.8
litres
Maximum torque
range: 6210 N.m at
1400 min™!

D/S: 170 / 190 mm
Working volume: 69
litres
Maximum torque
range: 8391 N.m at
1400 min™!

Fig. 1. Photos of Caterpillar career automobile engines

However, malfunctions and accidents of modern engines occur in the quarry

environment during the operation considering the operation factor, resulting in
stoppage and downtime of the overall equipment (Balovtsev, et al., 2024; Korshak,
et al., 2023; Kusimova, et al., 2023; Pshenin, et al., 2023).

The purpose of the work is to develop a statistical, classified, generalised
database on information of parameter values and collection and analysis of failures
and malfunctions of automobile engines taking into account the coefficient of
application of work in quarry conditions.

Materials and object of research. Analysis of literature sources shows that
today a large number of works are devoted to the study of thermal parameters
and operating conditions of mining power equipment and their elements (Gendler,
et al., 2016; Gridina, et al., 2022; Klyueyv, et al., 2024; Ligotsky, et al., 2024). In
the works (Kondrat'ev, et al., 2016; Kondratiev, et al., 2022; Evdokimov, et al.,
2024) non-destructive testing methods are analysed and methods of recognition of
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technical condition of mining equipment are created. The works (Kondrat'ev, et al.,
2022; Karlina, et al., 2023; Malozyomov, et al., 2024a; Malozyomov, et al., 2024b)
describe the experience of operation including repair of mining equipment.

Table 1 presents failures and malfunctions of elements of automobile engines of
the firm "Caterpillar" taking into account the coefficient of work in the conditions
of the quarry.

Table 1 - Failure statistics of Caterpillar water supply elements over 10 years of operation,
taking into account the coefficient of application of work in quarry conditions

Engine Node name Number of | Operating Cost of part(s), RUB
model failures time, hours
CAT Fractured connecting rod of 2 22300 Cylinder block -
C32 | cyl. no. 4. Caused replacement 22000 000 p.
of the cylinder block
TC cartridge failure 12 8200 Cartridge - R850,000.
Nozzle pump 6 6800-12000 | Nozzle pump - 230 000 p.
Loss in TC seals 4 22000-17200 Cartridge - R450,000.
Fastening bolt pump nozzle 6 3000-18500 | Nozzle pump - 230 000 p.
Failure of electrical wiring 10 0-16000
CAT Failure of the pump nozzle 2 12000 Nozzle pump - 230 000 p.
C32 mounting bolt
Valve mechanism 1 15600 Kingpin - 100,000 p.
Gas compensator 26 13000-17000 120 000 p.
Failure of the cylinder head 2 12000 23 000 p.
mounting bolt

Fig. 2 shows that the majority of failures occur in the supercharger system and
the engine timing mechanism. As examples, let's consider some failures on CAT
engine systems.

Theoretical Provisions. Let's consider one of the examples of failure of
automobile engine of the quarry dump truck of firm Caterpillar of mark C32 with
capacity 1200 kW with working time of 3074 hours. To investigate the nature of
engine failure, it is necessary to analyse and apply the coefficient of operation
in quarry conditions and completeness, according to its purpose (Bosikov, et al.,
2023; Gridina, et al., 2023; Gridina, et al., 2022; Zharikov, et al., 2022). The engine
is equipped with a modern local system of control and diagnostics of operating
parameters during operation (Martyusheyv, et al., 2023; Rodionov, et al., 2022). All
information obtained during operation is stored and processed in the electronic
control unit (ECU).

The BEU can fulfil the following functions:

- collects and stores information from all installed sensors on the engine;

- stores the engine operating history, including maintenance, repairs and
accidents for the entire period of operation.

- controls the engine by changing the cycle fuel flow rate and performs diagnostic
tests to detect malfunctions and errors in the fuel system components;
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- makes decisions if certain parameters reach permissible limits and performs
actions: "WARNING", "LOAD REDUCTION", "STOP".
Modern electronic control system of "Caterpillar" company is shown in Fig. 2.

Hacoc- PopeyRrn

ENGINE BOOST
PAESSURE SENSOR

= -_V.

E —

=i} | ENGINE OIL PRESSURE SENSOR ACCELERATOR

=8 ACCELERATOR

e P — B,

il ENGINE COOLANT TEMP, SENSOR P /4 Eﬁ BATTERIES

H INTAKE AR TEMPERATURE SENSOR ’ A DATA LINK it

ﬁ b 1900 T DATACINK LiaslT -
LENGie FUEL TEMPERATURE SENSORY 3 WARNING & CHECH

= TIMING ENGINE LAMP:
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| \ /

Tonmuansuii Gusmp
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=
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3
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Fig. 2. Electronic engine management system C3:
1 - crankshaft speed sensor; 2 - camshaft position sensor; 3 - controlling elements of the
control system; 4 - speed regulator; 5 - connecting output for the calibration device; 6 - SAT data
transmission channel; 7 - engine speed indicator

The engine under test has sensors (analogue and digital sensors), which transmit
a signal to the ECU (Table 2). Analogue sensors continuously monitor temperature
and pressure, and send information to the electronic system in the form of changing
voltage in the direct current (DC) network. Table 2 shows that all sensors are
labelled, have an operating range and a measurement error of less than 5 %.

Caterpillar software licence CAT ET installed on the operator's service computer.
In order to read and transmit all the data described above, it is necessary to connect

to the ECU through an adapter (Fig. 3).

Table 2 - Main characteristics of sensors of standard control and measuring devices, used in the
system "Caterpillar" automotive engine of a dump truck

Sensor name Measuring Output signal Measurement error
range
MBS 5100 pressure 0-600 bar 4-20 mA 0.5% of the upper measuring
transmitters limit
Low pressure 40-250 mbar 4-20 mA at25°C
transmitter MBS 9300 from<+0.5<+2.0%
Temperature sensor -50-200 °C | 4-20 mA or proportional <+ 1.0% of the upper
MBT 5560 10 - 90% of supply measuring limit
voltage
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MBT CAT temperature 0-900° C 4-20 mA or proportional <=+ 1.0% of the upper
Sensor 10-90% of supply voltage measuring limit

Crankshaft speed sensor | 0-2400 min™ 12.5 V single pole <= 1.0% of the upper
magnetic generator measuring limit

Fig. 3. Location of connection of elements of the BEU system:
1 - service computer with CAT software; 2 - adapter connecting the engine ECM and the
computer; 3 - electronic control unit ECM

Results and Discussion. In this connection, visual and parametric inspection
and defecting were performed to analyse the accident. The results of computer
diagnostics obtained by the authors, 20 hours before the accident, allowed us to
compare the same values taken immediately after the accident.

The following types and methods of non-destructive testing were applied to
identify the causes of the failure of the automotive engine of the C32 dump truck:
visual inspection and defection, dismantling and computer diagnostics.

Visual inspection and defection: external inspection of engine, defecting part of
exhaust and intake manifold; defecting oil cover, cylinder No. 4; defecting parts and
assemblies of valve train mechanism; defecting plate "spacers" of cylinder cover
No. 4; defecting block inspection cover, cylinder No. 4; inspection, defecting of
the block in the area of the 4th cylinder, the block has significant destruction in the
area of water cooling channels, oil line, seating places of the cylinder sleeve; lower
cover and connecting rod bearing, cylinder No. 4; defecting of the cylinder piston
group, cylinder No. 4: - piston, pin, connecting rod, bushing; oil nozzle (tab. 3).

Table 3 - Photos of faulty parts and their defect detection of an emergency automobile engine of
a C32 dump truck with a power of 1200 kW

Ne Fault photo Note

the firing section of cylinder head
No. 4 shows significant piston impact
marks and significant mechanical
damage, valve seat failures
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2 Bearing condition is satisfactory,
there are operational rubs
3 piston: the head has significant
mechanical damage to the firing part;
traces of increased temperature due
to forced rubbing on the cylinder
sleeve, complete destruction of the
4 skirt.
5
6 shows signs of overheating on the
surface
7 connecting rod: has significant body
fractures in more than four parts;
there are traces of connecting rod
fracture in the head bearing area
(rough surface, crystalline structure,
virtually no plastic deformation)
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complete destruction, rubbing marks
on the bushing fragments

Dismantling of engine parts: part of the exhaust and intake manifold; oil
cover of the valve train mechanism, cylinder No. 4; dismantling of the valve train
mechanism; dismantling of the cylinder cover, cylinder No. 4; defecting the firing
part of the cylinder cover; dismantling of the "spacer" plate of the cylinder cover
No. 4; dismantling of the lower connecting rod bearing cover; cylinder piston
group, cylinder No. 4: piston, pin, connecting rod, bushing (Table 3).

Computer diagnostics of dump truck engine showed the following engine failure
errors: E173 High Exhaust Temperature Warning; E101 High Crankcase Pressure
Warning; E020 High Engine Oil Temperature Warning; E021 High Exhaust
Temperature Derate; EO13 High Crankcase Pressure Shutdown.

The following was detected during the engine defect test:

1. The firing section of cylinder head No. 4 shows significant piston impact
marks and significant mechanical damage, valve seat failures.

2. The condition of the bearing is satisfactory; piston: the head has significant
mechanical damage to the firing part; traces of increased temperature due to forced
rubbing against the cylinder sleeve, complete destruction of the skirt; pin: has
traces of overheating on the surface; connecting rod: has significant destruction of
the body in more than four parts; in the area of the head bearing there are traces
of rupture of the connecting rod (rough surface, crystalline structure, virtually no
plastic deformation); sleeve: complete destruction.

3. Rubbing marks are observed on the sleeve fragments. The block has significant
destruction in the area of water cooling channels, oil line, cylinder sleeve seats;
block oil nozzle is destroyed.

During inspection through the inspection hatch from the engine crankcase,
"revealed" chipping of the lower edge of the cylinder sleeve adjacent cylinder #3,
with cylinder #4.

Conclusion.

1. According to the results of inspection of parts and assemblies of the dump truck
engine, analysis of the documents submitted on the date of the report, the damage to
the parts of the engine cylinder No.4 described in the paragraphs of this report may
be the result of violation of the integrity of the piston of the cylinder No.4 when
the engine is operating at maximum load (100%Ne_ ) at a speed less than nominal
(1528 min™'), i.e. the mode of uncharacteristic load on the engine from the speed
of rotation is possible (it is necessary to carry out additional research). Since the
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piston is composite and has different metals in its arrangement (steel, aluminium),
uneven rubbing against the cylinder mirror with the appearance of interatomic
bonds in dissimilar materials occurred. According to the chronology of the next
events, there is an increased temperature of the exhaust gases, which increases the
overload mode of cylinder No. 4. Presumably, first of all, the piston wear parts
get into the zone between the valve plate and the seat, there is a mechanical stress
on the exhaust valves. The movement of the collapsing piston, there is a death of
valves and jamming of the piston (in the course of movement from the TMT). The
nature of the fracture of the connecting rod in the area of the head bearing shows
that the rupture occurred instantly, riveting and fluidity of the metal observed in
these places is minimal. Impact shears and shear lip are observed in the second
fragment of the fractured connecting rod as a consequence of the fracture.

2 Based on the nature of destruction of: cylinder head, sleeve, piston and
connecting rod it can be assumed that the accident of the dump truck engine occurred
due to jamming and destruction of the piston as a result of temperature rise of the
material of parts at an uncharacteristic load of 100%Ne_  from the engine speed
close to the maximum (1528 min™ ). Due to low operating time of motor-hours the
possible cause of piston destruction is factory defect of the part (piston).

3. As a result of inspection of cylinder No. 4 by the nature of fracture there is a
need to defect the paired group No. 3 to make a representation of the destruction of
parts and confirmation of the possible cause of failure of the automobile engine of
the dump truck.

4. Car engine torsional vibration damper inspection.

5. To determine the suitability of the remaining parts of the engine (parts of the
CSP, CMM, crankshaft, crank shaft, cylinder head, mounted mechanisms), it is
necessary to perform a complete disassembly of the car engine of the dump truck
and perform colour and magnetic defectoscopy, geometric belonging according to
the nominal dimensions of the parts and assemblies under study.

6. In accordance with the purpose of the mechanism, to develop a methodology
for monitoring the technical condition of thermophysical, vibration and tribological
parameters of the car engine in operation, taking into account the coefficient of
application of work in quarry conditions.
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